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Dedication

The 2005 NEC Handbook is dedicated to
Philip H. Cox, who recently retired as
Executive Director of the International
Association of Electrical Inspectors
(IAEI). Phil has had a long and
distinguished career in the electrical

industry. He has been a member of the NEC code-making panels in three different
capacities. He represented IAEI as a member, NEMA as a field representative, and
IAEI as CEO and Executive Director. He served on CMP 6 and as chairman of
CMP 1. He also served on the NEC Technical Correlating Committee, where his
activities included a number of task groups. Themembership group, which he chaired,
greatly streamlined the membership process into a model of efficiency.
Phil is a tireless advocate for electrical safety, which he believes depends on Code

education. Toward this end, Phil has continued to improve and expand the IAEI
product line through products such as the IAEI Analysis of Changes to the National
Electrical Code. He is a warm person who cares deeply about his work and the
people he works with. Phil is a graduate of the University of Arkansas, where he
earned bachelor’s and master’s degrees.
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Preface

This handbook contains the 50th edition of the National Electrical Code. Nearly 109
years have passed since those cold days of March 18–19, 1896, when a group of 23
persons representing a wide variety of organizations met at the headquarters of the
American Society of Mechanical Engineers in New York City. Their purpose was to
develop a national code of rules for electrical construction and operation. (It is interesting
to note that this meeting took place a mere 17 years after the invention of the incandescent
light bulb.) This attempt was not the first to establish consistent rules for electrical
installations, but it was the first national effort. The number of electrical fires was
increasing, and the need for standardization was becoming urgent. By 1881, one insurer
had reported electrical fires in 65 textile mills in New England.

The major problem was the lack of an authoritative, nationwide electrical installation
standard. As one of the early participants noted, ‘‘We were without standards and
inspectors, while manufacturers were without experience and knowledge of real installa-
tion needs. The workmen frequently created the standards as they worked, and rarely
did two men think and work alike.’’

By 1895, five electrical installation codes had come into use in the United States,
causing considerable controversy and confusion. The manufacture of products that met
the requirements of all five codes was difficult, so something had to be done to develop
a single, national code. The committee that met in 1896 recognized that the five existing
codes should be used collectively as the basis for the new code. In the first known
instance of international harmonization, the group also referred to the German code, the
code of the British Board of Trade, and the Phoenix Rules of England. The importance
of industry consensus was immediately recognized; before the committee met again in
1897, the new code was reviewed by 1200 individuals in the United States and Europe.
Shortly thereafter, the first standardized U.S. electrical code, the National Electrical
Code�, was published.

The National Electrical Code has become the most widely adopted code in the
United States. It is the installation code used in all 50 states and all U.S. territories.
Moreover, it has grown well beyond the borders of the United States and is now used
in numerous other countries. Because the Code is a living document, constantly changing
to reflect changes in technology, its use continues to grow.

Some things have not changed. The National Electrical Code continues to offer an
open-consensus process. Anyone can submit a proposal for change or a public comment,
and all proposals and comments are subject to a rigorous public review process. The
NEC still provides the best technical information, ensuring the practical safeguarding
of persons and property from the hazards arising from the use of electricity.

Throughout its history, the National Electrical Code Committee has been guided by
giants in the electrical industry. The names are too numerous to mention. Certainly the
first chairman, William J. Hammer, should be applauded for providing the leadership
necessary to get theCode started.More recently, theCode has been chaired by outstanding
leaders such as Richard L. Loyd, Richard W. Osborne, Richard G. Biermann, D. Harold
Ware, and JamesW. Carpenter. Each of these men has devoted many years to the National
Electrical Code Committee.

The editorswish to note the passing of some long-term committeememberswhomade
numerous contributions to theNational Electrical Code: AnthonyMontourri, CMP 9; Le-
land J. Hall, former chair of CMP 14; and James N. Pearse, CMP 20 and CMP 17.
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x Preface

The editors have conferred closely with members of the National Electrical Code
Committee in developing the revisions incorporated into the 2005 edition of the Code.
The assistance and cooperation of code-making panel chairs and various committee
members are herein gratefully acknowledged.

This edition of the NEC Handbook would not have been possible without the
invaluable technical assistance of Kenneth G. Mastrullo, Senior Electrical Specialist;
Lee F. Richardson, Senior Electrical Engineer; Richard J. Roux, Senior Electrical Special-
ist; and Donald W. Shields, Senior Electrical Specialist. Their contributions are greatly
appreciated.

The editors acknowledge with thanks the manufacturers and their representatives
who generously supplied photographs, drawings, and data upon request. Special thanks
also to the editors of and contributors to past editions. Their work provided an excellent
foundation on which to build.

The editors express special thanks to Joyce Grandy for her long hours and extraordi-
nary effort in attending to all of the editorial details that we technical types often overlook.
Special thanks are also due to Sylvia Dovner, an outstanding manager who kept this
project on track. Without the efforts of Joyce and Sylvia, this new and improved edition
of the NEC Handbook would not have been possible.

We also wish to thank the electrical support staff: Carol Henderson, Mary Warren-
Pilson, and Kathleen Stevens, along with their leader, Jean O’Connor, for their support
on this project.

The editors express their sincere appreciation to Richard Berman, Philip H. Cox,
Allan Manche, Brian Phelan, David Kendall, Lori Tennant, Ray C. Mullin, James Pauley,
Vincent Saporita, Peter J. Schram, and John C. Wiles for special help on specific articles.
We also wish to thank Mr. Schram for his work on developing the summaries of Code
changes. Finally, we also thank the following for contributing photos and graphics for
this edition:
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Electronic Theatre Controls, Pass & Seymour/Legrand� Uniloy Milacron USA Inc.
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Article 90

Introduction

90.1 Purpose
Summary of Changes (A) Practical Safeguarding The purpose of this Code is

the practical safeguarding of persons and property from haz-• 90.2(B): Added FPN providing information on utilities
ards arising from the use of electricity.• 90.2(C): Added paragraph describing bracketed

references.
The National Electrical Code (NEC) is prepared by the
National Electrical Code Committee, which consists of a
Technical Correlating Committee and 19 code-making pan-

Contents els. The code-making panels have specific subject responsi-
bility within the Code. The scope of the National Electrical90.1 Purpose
Code Committee is as follows:(A) Practical Safeguarding

(B) Adequacy This committee shall have primary responsibility for
(C) Intention documents on minimizing the risk of electricity as a
(D) Relation to Other International Standards source of electric shock and as a potential ignition

90.2 Scope source of fires and explosions. It shall also be responsi-
(A) Covered ble for text to minimize the propagation of fire and
(B) Not Covered explosions due to electrical installations.
(C) Special Permission

90.3 Code Arrangement In addition to its overall responsibility for the National
90.4 Enforcement Electrical Code, the Technical Correlating Committee is
90.5 Mandatory Rules, Permissive Rules, and Explanatory responsible for NFPA 70A, National Electrical Code Re-

Material quirements for One- and Two-Family Dwellings, and for
(A) Mandatory Rules correlation of the following:
(B) Permissive Rules

1. NFPA 70B, Recommended Practice for Electrical(C) Explanatory Material
Equipment Maintenance90.6 Formal Interpretations

2. NFPA 70E, Standard for Electrical Safety in the Work-90.7 Examination of Equipment for Safety
place90.8 Wiring Planning

3. NFPA 73, Electrical Inspection Code for Existing(A) Future Expansion and Convenience
Dwellings(B) Number of Circuits in Enclosures

4. NFPA 79, Electrical Standard for Industrial Machinery90.9 Units of Measurement
5. NFPA 110, Standard for Emergency and Standby Power(A) Measurement System of Preference
Systems(B) Dual System of Units

6. NFPA 111, Standard on Stored Electrical Energy Emer-(C) Permitted Uses of Soft Conversion
gency and Standby Power Systems(D) Compliance

1
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90.2 Article 90 — Introduction

calls attention to the fact that installations meeting the re-(B) Adequacy This Code contains provisions that are con-
sidered necessary for safety. Compliance therewith and quirements of the NEC are also in compliance with the

fundamental principles outlined in IEC 60364-1, Electricalproper maintenance results in an installation that is essen-
tially free from hazard but not necessarily efficient, conve- Installations of Buildings, Section 131. That TIA allowed

countries that do not have formalized rules for electricalnient, or adequate for good service or future expansion of
electrical use. installations to adopt the NEC and by so doing to be fully

compatible with the safety principles of IEC 60364-1, Sec-
FPN: Hazards often occur because of overloading of

tion 131. The addition of 90.1(D) will promote acceptancewiring systems by methods or usage not in conformity
and adoption of the NEC internationally.with this Code. This occurs because initial wiring did

not provide for increases in the use of electricity. An The NEC is an essential part of the safety system of
initial adequate installation and reasonable provisions for the Americas, and its future will be enhanced by increased
system changes provide for future increases in the use international acceptance.
of electricity.

90.2 ScopeConsideration should always be given to future expansion
of the electrical system. Future expansion might be unlikely (A) Covered This Code covers the installation of electrical
in some occupancies, but for others it is wise to plan an conductors, equipment, and raceways; signaling and com-
initial installation comprised of service-entrance conductors munications conductors, equipment, and raceways; and opti-
and equipment, feeder conductors, and panelboards that cal fiber cables and raceways for the following:
allows for future additions, alterations, designs, and so on. (1) Public and private premises, including buildings, struc-

tures, mobile homes, recreational vehicles, and floating
buildings(C) Intention ThisCode is not intended as a design specifi-

(2) Yards, lots, parking lots, carnivals, and industrial substa-cation or an instruction manual for untrained persons.
tions

FPN to (2): For additional information concerning suchTheNEC is intended for use by capable engineers and electri-
installations in an industrial or multibuilding complex,cal contractors in the design and/or installation of electrical
see ANSI C2-2002, National Electrical Safety Code.

equipment; by inspection authorities exercising legal juris-
diction over electrical installations; by property insurance

Requirements for locations such as these are found through-inspectors; by qualified industrial, commercial, and residen-
out the Code. Specific items such as outside feeders andtial electricians; and by instructors of electrical apprentices
branch circuits can be found in Article 225, grounding inor students.
Article 250, surge arresters in Article 280, switches in Article
404, outside lighting in Article 410, transformers in Article
450, and carnivals in Article 525.(D) Relation to Other International Standards The re-

quirements in this Code address the fundamental principles
of protection for safety contained in Section 131 of Interna-

(3) Installations of conductors and equipment that connect
tional Electrotechnical Commission Standard 60364-1, Elec-

to the supply of electricity
trical Installations of Buildings.

FPN: IEC 60364-1, Section 131, contains fundamental Often, but not always, the source of supply of electricity is
principles of protection for safety that encompass protec- the serving electric utility. The point of connection from ation against electric shock, protection against thermal

premises wiring system to a serving electric utility systemeffects, protection against overcurrent, protection against
is, by definition, referred to as the service point. The conduc-fault currents, and protection against overvoltage. All of

these potential hazards are addressed by the requirements tors on the premises side of the service point are, by defini-
in this Code. tion, referred to as service conductors. (These definitions

are found in Article 100.) The requirements for service con-
ductors as well as for service-related equipment are foundIn addition to being the most widely adopted code for the

built environment in the United States, the NEC is also in Article 230. Article 230 applies only where the source of
supply of electricity is from a utility.adopted and used extensively in many foreign countries.

Section 90.1(D) makes it clear that the NEC is compatible Where the source of supply of electricity is not the
serving electric utility, the source may be a generator, awith international safety principles. Added as a Tentative

Interim Amendment (TIA) to the 1999 Code, this section battery system, a solar photovoltaic system, a fuel cell, or

2005 National Electrical Code Handbook2
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90.2Article 90 — Introduction

a combination of those sources. Requirements for such
sources of supply are found in Article 445 and Articles 700
through 702 for generators, Article 480 for storage batteries,
Article 690 for solar photovoltaic systems, and Article 692
for fuel cells. The associated delivery wiring requirements
are found in Chapters 2 and 3 (except Article 230) and in
Articles 700 through 702 for emergency, legally required,
and optional standby power system circuits.

(4) Installations used by the electric utility, such as office
buildings, warehouses, garages, machine shops, and rec-
reational buildings, that are not an integral part of a
generating plant, substation, or control center.

Section 90.2(A), which was rewritten for the 2002 Code,
provides order and clarity concerning the portions of electric
utility facilities covered by the NEC. [See 90.2(B) and the
related commentary for information on facilities and specific
lighting not covered by the NEC.] Exhibit 90.1 illustrates
the distinction between electric utility facilities to which the
NEC does and does not apply.

Industrial and multibuilding complexes and campus-
style wiring often include substations and other installations
that employ construction and wiring similar to those of elec-
tric utility installations. Although such nonutility installa-
tions are within the scope of the NEC, the NEC requirements
may not always be all-inclusive, for example, in clearances
of conductors or in clearances from buildings or structures
for nominal voltages over 600 volts. In such cases, the user
can find additional information in the National Electrical

Generation control
and transmission

Garage

Gym

Machine 
shop

Warehouse

Office
building

Substation

Distribution
and metering

NEC does not apply.

NEC applies to these buildings.

Safety Code (NESC), published by the Institute of Electrical
and Electronics Engineers, Inc., P.O. Box 1331, 445 Hoes Exhibit 90.1 Typical electric utility complexes showing examples

of facilities covered and not covered by the provisions of theLane, Piscataway, NJ 08855-1331.
NEC.

(B) Not Covered This Code does not cover the following: ments for floating buildings are covered in the NEC and are
found in Article 553.(1) Installations in ships, watercraft other than floating

buildings, railway rolling stock, aircraft, or automotive
vehicles other than mobile homes and recreational (2) Installations underground in mines and self-propelled
vehicles mobile surface mining machinery and its attendant elec-

trical trailing cable
FPN: Although the scope of this Code indicates that the

(3) Installations of railways for generation, transformation,Code does not cover installations in ships, portions of
transmission, or distribution of power used exclusivelythis Code are incorporated by reference into Title 46,

Code of Federal Regulations, Parts 110–113. for operation of rolling stock or installations used exclu-
sively for signaling and communications purposes

(4) Installations of communications equipment under theThe NEC does not specifically cover shipboard wiring. Title
exclusive control of communications utilities located46 of the Code of Federal Regulations, Parts 110–113, how-
outdoors or in building spaces used exclusively for suchever, does contain many specific NEC-referenced require-
installationsments. These requirements, which originated in the NEC,

(5) Installations under the exclusive control of an electricare enforced by the U.S. Coast Guard. Installation require-
utility where such installations
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90.3 Article 90 — Introduction

a. Consist of service drops or service laterals, and asso- generally; Chapters 5, 6, and 7 apply to special occupancies,
special equipment, or other special conditions. These latterciated metering, or

b. Are located in legally established easements, rights- chapters supplement or modify the general rules. Chapters
1 through 4 apply except as amended by Chapters 5, 6, andof-way, or by other agreements either designated by

or recognized by public service commissions, utility 7 for the particular conditions.
Chapter 8 covers communications systems and is notcommissions, or other regulatory agencies having

jurisdiction for such installations, or subject to the requirements of Chapters 1 through 7 except
where the requirements are specifically referenced in Chap-c. Are on property owned or leased by the electric

utility for the purpose of communications, metering, ter 8.
Chapter 9 consists of tables.generation, control, transformation, transmission, or

distribution of electric energy. Annexes are not part of the requirements of this Code
but are included for informational purposes only.FPN to (4) and (5): Examples of utilities may include

those entities that are typically designated or recognized
by governmental law or regulation by public service/ The reference to ‘‘the introduction’’ is intended to include
utility commissions and that install, operate, and maintain Article 90 in the application of the Code. Chapters 1 through
electric supply (such as generation, transmission, or dis-

4 apply generally, except as amended or specifically refer-tribution systems) or communication systems (such as
enced in Chapters 5, 6, and 7 (Articles 500 through 780).telephone, CATV, Internet, satellite, or data services).

Utilities may be subject to compliance with codes and For example, 300.22 (Chapter 3) is modified by 725.3(C)
standards covering their regulated activities as adopted and 760.3(B) and is specifically referenced in 800.133(D)
under governmental law or regulation. Additional infor- and 830.3(B). A graphic explanation of the NEC arrange-
mation can be found through consultation with the appro-

ment, Figure 90.3, was added to the 2002 Code.priate governmental bodies, such as state regulatory
commissions, Federal Energy Regulatory Commission,
and Federal Communications Commission.

An FPN was added to the 2005 Code to clarify the use of
the word utility as used in 90.2(B)(4) and 90.2(B)(5). This
explanatory information now provides the authority having
jurisdiction a basis for judgment concerning this issue.

It is not the intent of 90.2(B)(5) to exclude the NEC as
an installation regulatory document. After all, the NEC is
fully capable of being utilized for electrical installations in
most cases, and 90.2(B)(5) does not pertain to areas where
portions of the NEC could not be used. Rather, 90.2(B)(5)
lists specific areas where the nature of the installation re-
quires specialized rules or where other installation rules,
standards, and guidelines have been developed for specific
uses and industries. For example, the electrical utility indus-
try uses the NESC as its primary requirement in the genera-
tion, transmission, distribution, and metering of electrical
energy. See Exhibit 90.1 for examples of electric utility
facilities that may or may not be covered by the Code.

Chapter 1 — General

Chapter 2 — Wiring and Protection

Chapter 3 — Wiring Methods and Materials

Chapter 4 — Equipment for General Use

Applies generally
to all electrical

installations

Chapter 5 — Special Occupancies

Chapter 6 — Special Equipment

Chapter 7 — Special Conditions

Supplements or modifies
Chapters 1 through 4

Chapter 9 — Tables

Annex A through Annex G

Chapter 8 — Communications Systems

Informational only; 
not mandatory

Applicable as referenced

Chapter 8 is not subject 
to the requirements of 
Chapters 1 through 7 except 
where the requirements are 
specifically referenced in 
Chapter 8.

(C) Special Permission The authority having jurisdiction
for enforcing this Code may grant exception for the installa-

Figure 90.3 Code Arrangement.tion of conductors and equipment that are not under the
exclusive control of the electric utilities and are used to

90.4 Enforcementconnect the electric utility supply system to the service-
entrance conductors of the premises served, provided such This Code is intended to be suitable for mandatory applica-
installations are outside a building or terminate immediately tion by governmental bodies that exercise legal jurisdiction
inside a building wall. over electrical installations, including signaling and commu-

nications systems, and for use by insurance inspectors. The
90.3 Code Arrangement authority having jurisdiction for enforcement of the Code

has the responsibility for making interpretations of the rules,This Code is divided into the introduction and nine chapters,
as shown in Figure 90.3. Chapters 1, 2, 3, and 4 apply for deciding on the approval of equipment and materials,
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90.5Article 90 — Introduction

and for granting the special permission contemplated in a 90.5 Mandatory Rules, Permissive Rules, and
number of the rules. Explanatory Material

(A) Mandatory Rules Mandatory rules of this Code are
Some localities do not adopt the NEC, but even in those those that identify actions that are specifically required or
localities, installations that comply with the current Code prohibited and are characterized by the use of the terms
are prima facie evidence that the electrical installation is shall or shall not.
safe.

Section 90.4 advises that all materials and equipment Section 90.5, which was revised and reorganized for the
used under the requirements of the Code are subject to the 1999 Code, clarifies that two distinctive types of rules are
approval of the authority having jurisdiction. The text of stated in the Code. Mandatory rules, characterized by the
90.7, 110.2, and 110.3, along with the definitions of the terms terms shall and shall not, are covered in 90.5(A).
approved, identified (as applied to equipment), labeled, and
listed, is intended to provide a basis for the authority having
jurisdiction tomake the judgments that fall within that partic- (B) Permissive Rules Permissive rules of this Code are
ular area of responsibility. those that identify actions that are allowed but not required,

The phrase ‘‘including signaling and communication are normally used to describe options or alternative methods,
systems’’ was added to the 2002 Code to emphasize that, and are characterized by the use of the terms shall be permit-
indeed, these systems are also subject to enforcement. ted or shall not be required.

Permissive rules are simply options or alternative methodsBy special permission, the authority having jurisdiction
of achieving equivalent safety — they are not requirements.may waive specific requirements in this Code or permit
A close reading of permissive terms is important, becausealternative methods where it is assured that equivalent objec-
permissive rules are often misinterpreted. For example, thetives can be achieved by establishing and maintaining effec-
frequently used permissive term shall be permitted can betive safety.
mistaken for a requirement. Substituting ‘‘the inspector must
allow [item A or method A]’’ for ‘‘[item A or method A]It is the responsibility of the authority having jurisdiction
shall be permitted’’ generally clarifies the interpretation.to interpret the specific rules of the Code. This paragraph

empowers the authority having jurisdiction, using special
permission (written consent), to permit alternative methods

(C) Explanatory Material Explanatory material, such aswhere specific rules are not established in the Code. For
references to other standards, references to related sections ofexample, the authority having jurisdiction may waive spe-
thisCode, or information related to aCode rule, is included incific requirements in industrial occupancies, research and
this Code in the form of fine print notes (FPNs). Fine printtesting laboratories, and other occupancies where the specific
notes are informational only and are not enforceable as re-type of installation is not covered in the Code.
quirements of this Code.

Brackets containing section references to another NFPA
This Code may require new products, constructions, or document are for informational purposes only and are pro-

vided as a guide to indicate the source of the extracted text.materials that may not yet be available at the time the Code
is adopted. In such event, the authority having jurisdiction These bracketed references immediately follow the extracted

text.may permit the use of the products, constructions, or materi-
als that comply with the most recent previous edition of this
Code adopted by the jurisdiction. A number of requirements in the NEC have been extracted

from other NFPA codes and standards. Therefore, a second
paragraph was added for the 2005 Code to prevent anyThis paragraph of 90.4 permits the authority having jurisdic-

tion to waive a new Code requirement during the interim misunderstanding about the purpose of bracketed references
to other NFPA codes and standards — they are providedperiod between acceptance of a new edition of the NEC and

the availability of a new product, construction, or material only to indicate the section of the NFPA document from
which the material in the NEC was extracted. Althoughredesigned to comply with the increased safety required by

the latest edition. It is difficult to establish a viable future NEC requirements based on extracted material are under the
jurisdiction of the technical committee responsible for theeffective date in each section of the NEC because the time

needed to change existing products and standards, as well particular document in which the extracted material resides,
this revision to 90.5(C) makes it clear that the NEC require-as to develop new materials and test methods, usually is not

known at the time the latest edition of the Code is adopted. ments stand on their own and that extracted material
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90.6 Article 90 — Introduction

with bracketed references does not indicate that other NFPA tions Governing Committee Projects. These regulations are
documents are adopted through reference. included in the NFPA Directory, which is published annually

Fine print notes (FPNs) do not contain statements of and can be obtained from the Secretary of the NFPA Stan-
intent or recommendations. They present additional supple- dards Council. The Formal Interpretations procedure can be
mentary material that aids in the application of the require- found in Section 6 of the Regulations.
ment. In addition to explanatory material being in fine print The National Electrical Code Committee cannot be re-
(small type), the material is further identified in the Code sponsible for subsequent actions of authorities enforcing the
by the abbreviation FPN preceding the paragraph. Fine print NEC that accept or reject its findings. The authority having
notes are not requirements of the NEC and are not enforce- jurisdiction is responsible for interpreting Code rules and
able. should attempt to resolve all disagreements at the local level.

Footnotes to tables, although also in fine print, are not Two general forms of Formal Interpretations are recognized:
explanatory material unless they are identified by the abbre- (1) those that are interpretations of the literal text and (2)
viation FPN. Table footnotes are part of the tables and are those that are interpretations of the intent of the Committee
necessary for proper use of the tables. For example, the at the time the particular text was issued.
footnotes at the end of Table 310.13 are necessary for the Interpretations of the NEC not subject to processing are
use of the table and therefore are mandatory and enforceable those that involve (1) a determination of compliance of a
Code text. design, installation, product, or equivalency of protection;

Additional explanatory material is also found in the (2) a review of plans or specifications or judgment or knowl-
annexes at the back of this handbook. Annex A is a reference edge that can be acquired only as a result of on-site inspec-
list of product safety standards used for product listing where tion; (3) text that clearly and decisively provides the
that listing is required by the Code. Annex B provides guid- requested information; or (4) subjects not previously consid-
ance on the use of the general formula for ampacity found ered by the Technical Committee or not addressed in the
in 310.15(C). Annex C consists of wire fill tables for conduit document. Formal Interpretations of Code rules are pub-
and tubing. Annex D contains example calculations. Annex lished in several venues, including necdigest�, the NFPA
E presents various tables showing fire resistance ratings for Electrical Section News segment found in theNFPA Journal,
Types I-V construction to correlate with the uses of Type NM in NFPA News, and in the National Fire Codes subscription
cable, Annex F contains cross-reference tables for Chapter 3 service and are sent to interested trade publications.
realignment with the 2002 edition, and Annex G contains Most interpretations of the NEC are rendered as the
model administration and enforcement legislation. personal opinions of NFPA electrical engineering staff or of

an involved member of the National Electrical Code Com-
mittee because the request for interpretation does not qualifyFPN: The format and language used in this Code follows
for processing as a Formal Interpretation in accordance withguidelines established by NFPA and published in the

NEC Style Manual. Copies of this manual can be obtained NFPA Regulations Governing Committee Projects. Such
from NFPA. opinions are rendered in writing only in response to written

requests. The correspondence contains a disclaimer indicat-
ing that it is not a Formal Interpretation issued pursuant toThis fine print note informs the user that a style manual is

available for the NEC. A style manual is basically a ‘‘how- NFPA Regulations and that any opinion expressed is the
personal opinion of the author and does not necessarilyto’’ pamphlet for editors. The NEC Style Manual contains

a list of rules and regulations used by the panels and editors represent the official position of NFPA or the National Elec-
trical Code Committee.who prepare the NEC. The NEC Style Manual, which was

revised for the 2002 edition of the Code, is available from
NFPA.

90.7 Examination of Equipment for Safety
90.6 Formal Interpretations For specific items of equipment and materials referred to in

this Code, examinations for safety made under standardTo promote uniformity of interpretation and application of
the provisions of this Code, formal interpretation procedures conditions provide a basis for approval where the record is

made generally available through promulgation by organiza-have been established and are found in theNFPARegulations
Governing Committee Projects. tions properly equipped and qualified for experimental test-

ing, inspections of the run of goods at factories, and service-
value determination through field inspections. This avoidsThe procedures for implementing Formal Interpretations of
the necessity for repetition of examinations by different ex-the provisions of the NEC are outlined in the NFPA Regula-
aminers, frequently with inadequate facilities for such work,
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90.9Article 90 — Introduction

and the confusion that would result from conflicting reports ways, and additional spaces allow for future increases in
electric power and communication circuits. Distribution cen-on the suitability of devices and materials examined for a

given purpose. ters located in readily accessible locations provide conve-
nience and safety of operation.It is the intent of this Code that factory-installed internal

wiring or the construction of equipment need not be in-
spected at the time of installation of the equipment, except

The requirement for providing the exclusively dedicated
to detect alterations or damage, if the equipment has been

equipment space mandated by 110.26(F) supports the intent
listed by a qualified electrical testing laboratory that is recog-

of 90.8(A) regarding future increases in the use of electricity.
nized as having the facilities described in the preceding

The phrase ‘‘and communications circuits’’ was added for
paragraph and that requires suitability for installation in

the 2005 Code to point out the importance of considering
accordance with this Code.

communications circuits when planning future needs. Elec-
trical and communications distribution centers should con-

FPN No. 1: See requirements in 110.3. tain additional space and capacity for future additions and
FPN No. 2: Listed is defined in Article 100. should be conveniently located for easy accessibility.
FPN No. 3: Annex A contains an informative list of Where electrical and communications distribution
product safety standards for electrical equipment. equipment is installed so that easy access cannot be achieved,

a spare raceway(s) or pull line(s) should be run at the initial
installation, as illustrated in Exhibit 90.2.Testing laboratories, inspection agencies, and other organiza-

tions concerned with product evaluation publish lists of
equipment and materials that have been tested and meet

(B) Number of Circuits in Enclosures It is elsewhere
nationally recognized standards or that have been found

provided in this Code that the number of wires and circuits
suitable for use in a specified manner. The Code does not

confined in a single enclosure be varyingly restricted.
contain detailed information on equipment or materials but

Limiting the number of circuits in a single enclosure
refers to products as ‘‘listed,’’ ‘‘labeled,’’ or ‘‘identified.’’

minimizes the effects from a short circuit or ground fault
See Article 100 for definitions of these terms.

in one circuit.
NFPA does not approve, inspect, or certify any installa-

tions, procedures, equipment, or materials, nor does it ap-
These limitations minimize the heating effects inherentlyprove or evaluate testing laboratories. In determining the
present wherever current-carrying conductors are groupedacceptability of installations or procedures, equipment, or
together. See 408.35 for restrictions on the number of over-materials, the authority having jurisdiction may base accep-
current devices on one panelboard.tance on compliance with NFPA or other appropriate stan-

dards. In the absence of such standards, the authority may
require evidence of proper installation, procedures, or use.
The authority having jurisdiction may also refer to the listing 90.9 Units of Measurement
or labeling practices of an organization concerned with prod- (A) Measurement System of Preference For the purpose
uct evaluations that is able to determine compliance with of this Code, metric units of measurement are in accordance
appropriate standards for the current production of listed with the modernized metric system known as the Interna-
items. tional System of Units (SI).

Annex A contains a list of product safety standards used
for product listing. The list includes only product safety

According to a recent report titled ‘‘A Metric for Success’’standards for which a listing is required by the Code. For
by the National Institute of Standards and Technologyexample, 344.6 requires that rigid metal conduit, Type RMC,
(NIST), most U.S. industries that do business abroad arebe listed. By using Annex A, the user finds that the listing
predominantly metric already because of global sourcing ofstandard for rigid metal conduit is UL 6, Rigid Metal Con-
parts, service, components, and production. However, quiteduit. Because associated conduit fittings are required to be
a few domestic industries still use U.S. Customary units.listed, UL 514B, Fittings for Cable and Conduit, is found
The NIST report warns that domestic industries that ignorein Annex A also.
global realities and continue to design and manufacture with
nonmetric measures will find that they risk increasing their
costs. Nonmetric modular products (the building construc-90.8 Wiring Planning
tion industry uses great quantities ofmodular parts) and those

(A) Future Expansion and Convenience Plans and speci- that interface with outside industry products are especially
fications that provide ample space in raceways, spare race-
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90.9 Article 90 — Introduction

Exhibit 90.2 A residential dis-
tribution system showing spare
raceways or pull lines that
allow for future circuits and
loads for both electrical and
communications systems.

Spare raceways or pull lines
from electrical service panel 
and communications center 
to accessible attic space

Junction
boxes     

Unfinished
utility area

Finished
basement area

Raceway
or pull
lines

Service
panel

Communications
center

NFPA documents), and safety calculations (e.g., minimumvulnerable to the added costs of adapting to a metric environ-
distances taken from Table 110.31).ment.

Metric standards are beginning to appear in the domestic Example
building construction industry because our national stan-

Using the hard-conversion method, determine the equivalent
dards are being harmonized with international standards.

metric conversion for 24 in., generally the minimum cover
The National Electrical Code is an important building con-

requirements for direct burial cables and conductors in non-
struction standard and moves another step in the metric

specific locations taken from row 1 of Table 300.5.
direction.

Solution

Step 1.
(B) Dual System of Units SI units shall appear first, and
inch-pound units shall immediately follow in parentheses. 24 in. �

25.4 mm
1 in.

� 609.6 mm
Conversion from inch-pound units to SI units shall be based
on hard conversion except as provided in 90.9(C). Step 2. Because the calculation is being performed as a hard

conversion, the 609.6 mm dimension may be changed, and
the selected equivalent cover requirement is 600 mm.Hard conversion is explained in FPN No. 1 following

90.9(D). Calculations to convert measurements from inch- For the 2005 Code as well as the 2002 Code, the mea-
surements of 600 mm and 24 in. appear in Table 300.5 forpound units to metric units must be made using hard conver-

sion. The hard-conversion method is mandatory except for the minimum cover requirements for direct burial cables and
conductors in nonspecific locations. For the 1999 NEC, thetrade sizes [e.g., raceway sizes in Table 300.1(C)], extracted

material (e.g., class and zone measurements from other selected SI unit of measure was required to be 609.6 mm.
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90.9Article 90 — Introduction

Example 1The 2005 Code (as well as the 2002 Code) permits much
more latitude for the final selected dimension, and so the Determine the equivalent metric conversion for 10 ft where
equivalent minimum cover requirement of 600 mm is a more the calculation could have a negative impact on safety, such
practical solution. Basically, a hard conversion permits a as the minimum distance of 10 ft given in Table 110.31,
change in a dimension or allows rounding up or down to and where the measurement is from a fence to a live part
better fit the physical constraints of the installation. from 601 volts to 13,799 volts.

Solution

(C) Permitted Uses of Soft Conversion The cases given Step 1.
10 ft �

0.3048 m
1 ft

� 3.048 min 90.9(C)(1) through (C)(4) shall not be required to use hard
conversion and shall be permitted to use soft conversion. Step 2. Round up the calculation to 3.05 m, because a dis-

tance less than 3.048 could have a negative impact on safety.(1) Trade Sizes Where the actual measured size of a prod-
The answer, 3.05 m, matches the minimum distance in Tableuct is not the same as the nominal size, trade size designators
110.31 from a fence to a live part from 601 volts to 13,799shall be used rather than dimensions. Trade practices shall
volts.be followed in all cases.

Because safety is a concern for this conversion calcula-
tion, the original Code distance (the U.S. Customary units

Metric trade sizes (metric designators) of conduits were for this example) remains the shortest permitted distance.
added in the 1996 Code as fine print notes in each raceway The final metric equivalent ends up slightly larger. The exact
article. Since the 2002 Code, these metric designators appear difference is of no practical concern, however, because 0.2
in the Code text, preceding the trade size equivalents, in the mm is less than 1/32 in. From a practical point of view, a
raceway articles. variance of 1/32 in. in a length of 10 ft is insignificant.

For example, in 350.20(A) of thisCode, the size require-
Example 2ment is stated as follows: ‘‘LFMC smaller than metric desig-

nator 16 (trade size 1/2) shall not be used.’’ In 351-5(a) of Using the soft-conversion method, determine the equivalent
the 1999 NEC, the size requirement was stated as follows: metric conversion for 30 in. where the calculation could
‘‘Liquidtight flexible metallic conduit smaller than 1/2-in. have a negative impact on safety, such as a 30 in. minimum
electrical trade size shall not be used.’’ horizontal working space requirement in the rear of equip-

This change does not reflect a technical change but ment that requires access to nonelectrical parts according to
rather provides acceptable language to both domestic and 110.26(A)(1)(a).
international users of the NEC. For ease of use, in Table 4

Solutionof Chapter 9, metric designators are separate columns.
Step 1.

30 in. �
25.4 mm
1 in.

� 762 mm

(2) Extracted Material Where material is extracted from Step 2. Do not round off the calculation, because even a
another standard, the context of the original material shall slight reduction in the original distance could have a negative
not be compromised or violated. Any editing of the extracted impact on safety. The answer is 762 mm, which matches
text shall be confined to making the style consistent with the minimum distance of 110.26(A)(1)(a) for a minimum
that of the NEC. horizontal working space.

(3) Industry Practice Where industry practice is to express
units in inch-pound units, the inclusion of SI units shall not (4) Safety Where a negative impact on safety would result,
be required. soft conversion shall be used.

(D) Compliance Conversion from inch-pound units to SIThe following examples illustrate conversions from U.S.
units shall be permitted to be an approximate conversion.Customary units to SI units. Example 1 shows the process
Compliance with the numbers shown in either the SI systemof converting a dimension from feet to meters, where safety
or the inch-pound system shall constitute compliance withis a concern. Table 110.31 contains minimum permitted dis-
this Code.tances from a fence to a live part for voltages 601 and greater.

Example 1 calculates the equivalent metric conversion for FPN No. 1: Hard conversion is considered a change in
10 ft using the minimum distance of 10 ft in Table 110.31 dimensions or properties of an item into new sizes that
where the measurement is from a fence to a live part from might or might not be interchangeable with the sizes

used in the original measurement. Soft conversion is601 volts to 13,799 volts.
considered a direct mathematical conversion and involves
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90.9 Article 90 — Introduction

a change in the description of an existing measurement Commentary Table 90.1 Conversions Using the Hard-
but not in the actual dimension. Conversion Method
FPN No. 2: SI conversions are based on IEEE/ASTM
SI 10-1997, Standard for the Use of the International

U.S. Soft HardSystem of Units (SI): The Modern Metric System.
Customary Conversions, Conversions, Equivalent U. S.

Units SI Units SI Units Customary Units
Commentary Table 90.1 offers some examples of the hard-

1⁄2 in. 12.7 mm 13 mm 0.51 in.conversion process. U.S. Customary units were used in the
3⁄4 in. 19 mm 19 mm 0.75 in.1993, 1996, and 1999 Code and were still valid for the 2002
1 in. 25.4 mm 25 mm 0.98 in.Code. Soft-conversion SI units were used in the 1996 and
4 in. 102 mm 100 mm 3.94 in.

1999 Code. The hard-conversion SI units, which were added 12 in. 305 mm 300 mm 11.81 ft
to the 2002 Code, were listed with their equivalent U.S. 2 ft 610 mm 600 mm 1.97 ft
Customary units. The equivalent U.S. units are given only 3 ft 914 mm 900 mm 2.95 ft

6 ft 1.83 m 1.8 m 5.91 ftto show the small variance between customary units and the
15 ft 4.57 m 4.5 m 14.76 fthard-conversion units.

Warning signs that state specific clearances, such as
required in 513.10(B), permit distance measurements in ei-
ther inch-pound units or metric units.
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Article 100 — Definitions

to include commonly defined general terms or commonlyARTICLE 100
defined technical terms from related codes and standards.Definitions In general, only those terms that are used in two or more
articles are defined in Article 100. Other definitions are
included in the article in which they are used but may beSummary of Changes
referenced in Article 100.

• Bonding Jumper, System: Added definition for use in
Part I of this article contains definitions intended to

place of bonding jumper or the often misused term main
apply wherever the terms are used throughout this Code.

bonding jumper.
Part II contains definitions applicable only to the parts of

• Coordination (Selective): Relocated definition from articles specifically covering installations and equipment
240.2 and expanded it. operating at over 600 volts, nominal.

• Device: Changed carry to carry or control.

Commonly defined general terms include those terms de-• Dwelling Unit: Revised to coordinate with definition in
NFPA 1, NFPA 101�, and NFPA 5000�. Does not impact fined in general English language dictionaries and terms that

are not used in a unique or restricted manner in the NEC.usage within the NEC.
Commonly defined technical terms such as volt (abbreviated• Grounded, Solidly: Added definition to define solidly
V) and ampere (abbreviated A) are found in the IEEE Stan-grounded as the term is used in other NEC articles. Replaces
dard Dictionary of Electrical and Electronic Terms.definition in 230.95.

Definitions that are not listed in Article 100 are
• Grounding Electrode: Added definition that defines the

included in their appropriate article. For articles that follow
function of a grounding electrode.

the common format according to the NEC Style Manual,
• Grounding Electrode Conductor: Revised to include the section number is generally XXX.2 Definition(s). For

applications where feeders or branch circuits supply a example, the definition of nonmetallic-sheathed cable is
building or structure. found in 334.2 Definitions. The 2005 edition of the Code

does contain some isolated exceptions to this general rule• Guest Room:Added definition to coordinate with revised
definition of dwelling unit. because the NEC has not been entirely converted to a com-

mon numbering system.• Guest Suite: Added definition to coordinate with revised
definition of dwelling unit. Ensures that a suite with more
than one room is covered by NEC requirements. I. General

• Handhole Enclosure: Added definition in Article 100 Accessible (as applied to equipment). Admitting close ap-
because term is used in both Articles 300 and 314. proach; not guarded by locked doors, elevation, or other

effective means.• Outline Lighting: Revised to include other electrically
powered light sources.

Exhibit 100.1 illustrates examples of equipment considered• Qualified Person: Added FPN to reference NFPA 70E.
accessible (as applied to equipment). The main rule for• Separately Derived System: Revised to cover any prem-
switches and circuit breakers used as switches is shown inises wiring system whose power is derived from other
(a) and is according to 404.8(A). In (b), the busway installa-than a service.
tion is according to 368.17(C). The exceptions to the main

• Supplementary Overcurrent Protective Device: Added
rule are illustrated in (c), the installation of busway switches

definition to distinguish between general use devices such
installed according to 404.8(A), Exception No. 1; (d), a

as branch circuit overcurrent protective where such de-
switch installed adjacent to a motor according to 404.8(A),

vices are extremely application oriented and where, prior
Exception No. 2; and (e), a hookstick-operated isolating

to applying the devices, the differences and limitations for
switch installed according to 404.8(A), Exception No. 3.

these devices must be investigated and found acceptable.

Accessible (as applied to wiring methods). Capable of
being removed or exposed without damaging the building
structure or finish or not permanently closed in by the struc-Contents
ture or finish of the building.I. General

II. Over 600 Volts, Nominal
Wiring methods located behind removable panels designed
to allow access are not considered permanently enclosed

Scope. This article contains only those definitions essential and are considered exposed as applied to wiring methods.
to the proper application of this Code. It is not intended
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Article 100 — Definitions

Exhibit 100.1 Example of
busway and of switches con-
sidered accessible even if lo-
cated above 6 ft 7 in.

6 ft 7 in. max.

ON

OFF

ON

OFF

(a) Manually 
operated 
disconnect 
switch

(b) Busway 
installation

(c) Installation of 
busway switches

Chain- or 
rope-operated 
switch Hookstick- 

operated 
switch

(e) Hookstick-
operated 
isolating 
switch

(d) Switch 
installed 
adjacent to 
motor

See 300.4(C) regarding cables located in spaces behind ac-
cessible panels.

Exhibit 100.2 illustrates examples of wiring methods
and equipment that are considered accessible.

Accessible, Readily (Readily Accessible). Capable of
being reached quickly for operation, renewal, or inspections
without requiring those to whom ready access is requisite
to climb over or remove obstacles or to resort to portable
ladders, and so forth.

The definition of readily accessible does not preclude the use
of a locked door for service equipment or rooms containing

ON

OFF

ON

OFF

Junction
box

Busway

Suspended ceiling
with lift-out panels

Lay-in luminaire

service equipment, provided those for whom ready access
is necessary have a key (or lock combination) available.

Exhibit 100.2 Examples of busways and junction boxes consid-For example, 230.70(A)(1) and 230.205(A) require service-
ered accessible even if located behind hung ceilings having lift-disconnecting means to be readily accessible. Section 225.32
out panels.requires that feeder disconnecting means for separate build-

ings be readily accessible. A commonly used, permitted
prevent access by unauthorized persons. Section 240.24(A)practice is to locate the disconnecting means in the elec-

trical equipment room of an office building or large apart- requires that overcurrent devices be so located as to be
readily accessible.ment building and to keep the door to that room locked to
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Article 100 — Definitions

Attachment plug contact blades have specific shapes,Ampacity. The current, in amperes, that a conductor can
carry continuously under the conditions of use without ex- sizes, and configurations so that a receptacle or cord connec-

tor will not accept an attachment plug of a voltage or currentceeding its temperature rating.
rating different from that for which the device is intended.
Configuration charts from NEMA WD 6, Wiring Devices —The definition of the term ampacity states that the maximum
Dimensional Requirements, for general-purpose nonlockingcurrent a conductor carries continuously varies with the con-
and specific-purpose locking plugs and receptacles areditions of use as well as with the temperature rating of the
shown in Exhibit 406.3 and Exhibit 406.4, respectively.conductor insulation. For example, ambient temperature is

a condition of use. A conductor with insulation rated at 60�C
and installed near a furnace where the ambient temperature

Authority Having Jurisdiction (AHJ). The organization,
is continuously maintained at 60�C has no current-carrying

office, or individual responsible for approving equipment,
capacity. Any current flowing through the conductor will

materials, an installation, or a procedure.
raise its temperature above the 60�C insulation rating. There-
fore, the ampacity of this conductor, regardless of its size, FPN: The phrase ‘‘authority having jurisdiction’’ is used

in NFPA documents in a broad manner, since jurisdictionsis zero. See the ampacity correction factors for temperature
and approval agencies vary, as do their responsibilities.at the bottom of Table 310.16 through Table 310.20, or
Where public safety is primary, the AHJ may be a federal,

see Annex B. The temperature limitations on conductors is state, local, or other regional department or individual
further explained and examples given in 310.10 and in the such as a fire chief; fire marshal; chief of a fire prevention
commentary following that section. bureau, labor department, or health department; building

official; electrical inspector; or others having statutoryAnother condition of use is the number of conductors
authority. For insurance purposes, an insurance inspec-in a raceway or cable. [See 310.15(B)(2).]
tion department, rating bureau, or other insurance com-
pany representative may be the AHJ. In many
circumstances, the property owner or his or her desig-

Appliance. Utilization equipment, generally other than in- nated agent assumes the role of the AHJ; at government
dustrial, that is normally built in standardized sizes or types installations, the commanding officer or departmental

official may be the AHJ.and is installed or connected as a unit to perform one or
more functions such as clothes washing, air conditioning,
food mixing, deep frying, and so forth. The important role of the authority having jurisdiction (AHJ)

cannot be overstated in the current North American safetyApproved. Acceptable to the authority having jurisdiction.
system. The basic role of the AHJ is to verify that an installa-
tion complies with the Code. The definition of authority

See the definition of authority having jurisdiction and 110.2 having jurisdiction and the accompanying explanation (the
for a better understanding of the approval process. Under- FPN) bring a sense of uniformity to the Code, since this exact
standing NEC terms such as listed, labeled, and identified definition has appeared in many other NFPA documents for
(as applied to equipment) will also assist the user in under- quite some time. This definition is very helpful in under-
standing the approval process. standing Code enforcement, the inspection process, the defi-

nition of approved, and 90.7 and 110.2.

Askarel. A generic term for a group of nonflammable syn-
thetic chlorinated hydrocarbons used as electrical insulating Automatic. Self-acting, operating by its own mechanism
media. Askarels of various compositional types are used.

when actuated by some impersonal influence, as, for exam-
Under arcing conditions, the gases produced, while con-

ple, a change in current, pressure, temperature, or mechanical
sisting predominantly of noncombustible hydrogen chloride,

configuration.
can include varying amounts of combustible gases, de-

Bathroom. An area including a basin with one or more ofpending on the askarel type.
the following: a toilet, a tub, or a shower.

Attachment Plug (Plug Cap) (Plug). A device that, by
insertion in a receptacle, establishes a connection between Bonding (Bonded). The permanent joining of metallic parts

to form an electrically conductive path that ensures electricalthe conductors of the attached flexible cord and the conduc-
tors connected permanently to the receptacle. continuity and the capacity to conduct safely any current

likely to be imposed.

Standard attachment caps are available with built-in options,
such as switching, fuses, or even ground-fault circuit-inter- The purpose of bonding is to establish an effective path for

fault current that, in turn, facilitates the operation of therupter (GFCI) protection.
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Article 100 — Definitions

overcurrent protective device. This is explained in
250.4(A)(3) and (4) and 250.4(B)(3) and (4). Specific bond-
ing requirements are found in Part V of Article 250 and in
other sections of the Code as referenced in 250.3.

Bonding Jumper. A reliable conductor to ensure the re-
quired electrical conductivity between metal parts required
to be electrically connected.

Both concentric- and eccentric-type knockouts can impair
the electrical conductivity between metal parts and may
actually introduce unnecessary impedance into the ground-
ing path. Installing bonding jumper(s) is one method often
used between metal raceways and metal parts to ensure
electrical conductivity. Bonding jumpers may be found at
service equipment [250.92(B)], bonding for over 250 volts
(250.97), and expansion fittings in metal raceways (250.98).
Exhibit 100.3 shows the difference between concentric- and
eccentric-type knockouts. Exhibit 100.3 also illustrates one
method of applying bonding jumpers at these types of knock-
outs.

15 S
W

D

O
F

F

15 S
W

D

O
F

F

15 S
W

D

O
F

F

15 S
W

D

O
F

F

15 S
W

D

O
F

F

15 S
W

D

O
F

F

15 S
W

D

O
F

F

15 S
W

D

O
F

F

Grounding electrode

Grounding electrode
conductor

Main bonding jumper (may
be wire, bus, or screw)

Ungrounded service
conductors

Grounded service conductor

Supply side equipment
bonding jumper

Exhibit 100.4 A main bonding jumper installed at the service
between the grounded service conductor and the equipment
grounding conductor.

but a main bonding jumper is located only at the service.
Main bonding jumper requirements are found in 250.28.

Bonding Jumper, System. The connection between the
grounded circuit conductor and the equipment grounding
conductor at a separately derived system.

Bonding
jumpers

Concentric
knockout

Eccentric
knockout

Exhibit 100.5 shows a system bonding jumper used to pro-
vide the connection between the grounded conductor andExhibit 100.3 Bonding jumpers installed around concentric or
the equipment grounding conductor(s) of a transformer usedeccentric knockouts.
as a separately derived system.

System bonding jumpers are located near the source of
the separately derived system. A system bonding jumperBonding Jumper, Equipment. The connection between
is used at the derived system if the derived system containstwo or more portions of the equipment grounding conductor.
a grounded conductor. Like the main bonding jumper at the

Bonding Jumper, Main. The connection between the service equipment, the system bonding jumper provides the
grounded circuit conductor and the equipment grounding necessary link between the equipment grounding conductors
conductor at the service. and the system grounded conductor in order to establish an

effective path for ground-fault current. The requirements for
Exhibit 100.4 shows a main bonding jumper used to provide system bonding jumper(s) are found in 250.30(A)(1).
the connection between the grounded service conductor and
the equipment grounding conductor at the service. Bonding

Branch Circuit. The circuit conductors between the finaljumpers may be located throughout the electrical system,
overcurrent device protecting the circuit and the outlet(s).
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Article 100 — Definitions

Branch Circuit, Appliance. A branch circuit that supplies
energy to one or more outlets to which appliances are to be
connected and that has no permanently connected luminaires
(lighting fixtures) that are not a part of an appliance.

Two or more 20-ampere small-appliance branch circuits are
required by 210.11(C)(1) for dwelling units. Section
210.52(B)(1) requires that these circuits supply receptacle
outlets located in such rooms as the kitchen, pantry, and so
on. These small-appliance branch circuits are not permitted
to supply other outlets or permanently connected lighting
fixtures. (See 210.52 for exact details.)

Branch Circuit, General-Purpose. A branch circuit that
supplies two or more receptacles or outlets for lighting and
appliances.

Branch Circuit, Individual. A branch circuit that supplies
only one utilization equipment.

480 V

A B C
Equipment grounding 
conductor

Neutral

Neutral
terminal
bar

208Y/120 V

System bonding jumper

Grounding electrode conductor

GN

Dry-type
transformer

Nearest grounding electrode

An individual branch circuit is a circuit that supplies onlyExhibit 100.5 A system bonding jumper installed near the source
one piece of utilization equipment (e.g., one range, one spaceof a separately derived system between the system grounded
heater, one motor). See 210.23 regarding permissible loadsconductor and the equipment grounding conductor(s).
for branch circuits.

An individual branch circuit supplies only one single
receptacle for the connection of a single attachment plug.

Exhibit 100.6 shows the difference between branch circuits This single receptacle is required to have an ampere rating not
and feeders. Conductors between the overcurrent devices in less than that of the branch circuit, as stated in 210.21(B)(1).
the panelboards and the duplex receptacles are branch-circuit Exhibit 100.7 illustrates an individual branch circuit
conductors. Conductors between the service equipment or with a single receptacle intended for the connection of one
source of separately derived systems and the panelboards piece of utilization equipment. A branch circuit that supplies
are feeders. one duplex receptacle that can accommodate two cord-and-

Single receptacle

Panelboard

Individual 
branch circuit

Utilization
equipment

Feeders

Branch Circuits

Service 
equipment 

or source of 
separately 

derived 
system

Panelboard

Panelboard

Exhibit 100.7 An individual branch circuit, which supplies only
one utilization equipment via a single receptacle.Exhibit 100.6 Feeder (circuits) and branch circuits.
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Article 100 — Definitions

FPN: The automatic opening means can be integral, di-plug-connected appliances or similar equipment is not an rect acting with the circuit breaker, or remote from the
individual branch circuit. circuit breaker.

Adjustable (as applied to circuit breakers). A qualifying
term indicating that the circuit breaker can be set to trip atBranch Circuit, Multiwire. A branch circuit that consists
various values of current, time, or both, within a predeter-of two or more ungrounded conductors that have a voltage
mined range.between them, and a grounded conductor that has equal

voltage between it and each ungrounded conductor of the Instantaneous Trip (as applied to circuit breakers). A quali-
circuit and that is connected to the neutral or grounded fying term indicating that no delay is purposely introduced
conductor of the system. in the tripping action of the circuit breaker.

Inverse Time (as applied to circuit breakers). A qualifying
For the 2002 edition, this definition was editorially modified term indicating that there is purposely introduced a delay in
by substituting the word voltage for the term potential differ- the tripping action of the circuit breaker, which delay de-
ence. See 210.4, 240.20(B)(1), and 300.13(B) for specific creases as the magnitude of the current increases.
information about multiwire branch circuits.

Nonadjustable (as applied to circuit breakers). A qualifying
term indicating that the circuit breaker does not have any
adjustment to alter the value of current at which it will tripBuilding. A structure that stands alone or that is cut off
or the time required for its operation.from adjoining structures by fire walls with all openings

therein protected by approved fire doors. Setting (of circuit breakers). The value of current, time, or
both, at which an adjustable circuit breaker is set to trip.

A building is generally considered to be a roofed or walled
Concealed. Rendered inaccessible by the structure or finishstructure that may be used or intended for supporting or
of the building. Wires in concealed raceways are consideredsheltering any use or occupancy. However, it may also be
concealed, even though they may become accessible bya separate structure such as a pole, billboard sign, or water
withdrawing them.tower.

Definitions of the terms fire walls and fire doors are
Raceways and cables supported or located within hollowthe responsibility of building codes. Generically, a fire wall
frames or permanently closed in by the finish of buildingsmay be defined as a wall that separates buildings or subdi-
are considered concealed. Open-type work — such as race-vides a building to prevent the spread of fire and that has
ways and cables in exposed areas, in unfinished basements,a fire resistance rating and structural stability. Fire doors
in accessible underfloor areas or attics, attached to the sur-(and fire windows) are used to protect openings in walls,
face of finished areas, or behind, above, or below panelsfloors, and ceilings against the spread of fire and smoke
designed to allow access and that may be removed withoutwithin, into, or out of buildings.
damage to the building structure or finish — is not consid-
ered concealed. [See definition of exposed (as applied to

Cabinet. An enclosure that is designed for either surface wiring methods).]
mounting or flush mounting and is provided with a frame,
mat, or trim in which a swinging door or doors are or can
be hung. Conductor, Bare. A conductor having no covering or elec-

trical insulation whatsoever.
Both cabinets and cutout boxes are covered in Article 312.

Conductor, Covered. A conductor encased within materialCabinets are designed for surface or flush mounting with a
of composition or thickness that is not recognized by thistrim to which a swinging door(s) is hung. Cutout boxes
Code as electrical insulation.are designed for surface mounting with a swinging door(s)

secured directly to the box. Panelboards are electrical assem-
blies designed to be placed in a cabinet or cutout box. (See Typical covered conductors are the green-covered equipment

grounding conductors contained within a nonmetallic-the definitions of cutout box and panelboard.)
sheathed cable or the uninsulated grounded system conduc-
tors within the overall exterior jacket of a Type SE cable.

Circuit Breaker. A device designed to open and close a Covered conductors should always be treated as bare conduc-
circuit by nonautomatic means and to open the circuit auto- tors for working clearances, because they are really uninsu-
matically on a predetermined overcurrent without damage lated conductors.
to itself when properly applied within its rating.
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Article 100 — Definitions

of motors, is required to be capable of interrupting theConductor, Insulated. A conductor encased within mate-
rial of composition and thickness that is recognized by this stalled-rotor current of the motor. Stop-and-start stations and

similar control circuit components that do not open the powerCode as electrical insulation.
conductors to the motor are not considered controllers.

For the covering on a conductor to be considered insulation,
the conductor with the covering material generally is re-

Cooking Unit, Counter-Mounted. A cooking appliancequired to pass minimum testing required by a product stan-
designed for mounting in or on a counter and consisting ofdard. One such product standard is UL 83, Thermoplastic-
one or more heating elements, internal wiring, and built-inInsulated Wires and Cables. To meet the requirements of
or mountable controls.UL 83, specimens of finished single-conductor wires must

pass specified tests that measure (1) resistance to flame Coordination (Selective). Localization of an overcurrent
propagation, (2) dielectric strength, even while immersed, condition to restrict outages to the circuit or equipment af-
and (3) resistance to abrasion, cracking, crushing, and im- fected, accomplished by the choice of overcurrent protective
pact. Only wires and cables that meet the minimum fire, devices and their ratings or settings.
electrical, and physical properties required by the applicable
standards are permitted to be marked with the letter designa-

Moved from 240.2 to Article 100 and slightly revised fortions found in Table 310.13 and Table 310.61. See 310.13
the 2005 Code, this definition is no longer limited to justfor the exact requirements of insulated conductor construc-
Article 240. For the 2005 Code, selective coordination re-tion and applications.
quirements have been expanded to include emergency and
legally required systems of 700.27 and 701.18. The past

Conduit Body. A separate portion of a conduit or tubing Code requirements regarding selective coordination remain
system that provides access through a removable cover(s) for elevator feeders in 620.62.
to the interior of the system at a junction of two or more The main goal of selective coordination is to isolate the
sections of the system or at a terminal point of the system. faulted portion of the electrical circuit quickly while at the

Boxes such as FS and FD or larger cast or sheet metal same time maintaining power to the remainder of the electri-
boxes are not classified as conduit bodies. cal system. The electrical system overcurrent protection must

guard against short circuits and ground faults to ensure that
Conduit bodies are a portion of a raceway system with the resulting damage is minimized while other parts of the
removable covers to allow access to the interior of the sys- system not directly involved with the fault are kept on until
tem. They include the short-radius type as well as capped other protective devices clear the fault.
elbows and service-entrance elbows. Overcurrent protective devices, such as fuses and circuit

Some conduit bodies are referred to in the trade as breakers, have time/current characteristics that determine the
‘‘condulets’’ and include the LB, LL, LR, C, T, and X time it takes to clear the fault for a given value of fault
designs. (See 300.15 and Article 314 for rules on the usage current. Selectivity occurs when the device closest to the
of conduit bodies.) fault opens before the next device upstream operates. For

Type FS and Type FD boxes are not classified as conduit example, any fault on a branch circuit should open the branch
bodies; they are listed with boxes in Table 314.16(A). circuit breaker rather than the feeder overcurrent protection.

All faults on a feeder should open the feeder overcurrent
protection rather than the service overcurrent protection.Connector, Pressure (Solderless). A device that estab-
When selectivity occurs, the electrical system is consideredlishes a connection between two or more conductors or
to be coordinated.between one or more conductors and a terminal by means

With coordinated overcurrent protection, the faultedof mechanical pressure and without the use of solder.
or overloaded circuit is isolated by the selective operation

Continuous Load. A load where the maximum current is of only the overcurrent protective device closest to the over-
expected to continue for 3 hours or more. current condition. This isolation prevents power loss to unaf-

fected loads.Controller. A device or group of devices that serves to
govern, in some predetermined manner, the electric power
delivered to the apparatus to which it is connected.

Copper-Clad Aluminum Conductors. Conductors drawn
from a copper-clad aluminum rod with the copper metallurgi-A controller may be a remote-controlled magnetic contactor,
cally bonded to an aluminum core. The copper forms aswitch, circuit breaker, or device that is normally used to
minimum of 10 percent of the cross-sectional area of a solidstart and stop motors and other apparatus and, in the case
conductor or each strand of a stranded conductor.
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Article 100 — Definitions

Duty, Intermittent. Operation for alternate intervals of (1)Cutout Box. An enclosure designed for surface mounting
that has swinging doors or covers secured directly to and load and no load; or (2) load and rest; or (3) load, no load,

and rest.telescoping with the walls of the box proper.

Duty, Periodic. Intermittent operation in which the loadDead Front. Without live parts exposed to a person on the
conditions are regularly recurrent.operating side of the equipment.

Duty, Short-Time. Operation at a substantially constantDemand Factor. The ratio of the maximum demand of a
load for a short and definite, specified time.system, or part of a system, to the total connected load of

a system or the part of the system under consideration. Duty, Varying. Operation at loads, and for intervals of time,
both of which may be subject to wide variation.Device. A unit of an electrical system that is intended to

carry or control but not utilize electric energy.
Information on the protection of intermittent, periodic, short-
time, and varying-duty motors against overload can be found

The definition of device was revised and made a bit broader
in 430.33.

for the 2005 Code. Components (such as switches, circuit
breakers, fuseholders, receptacles, attachment plugs, and
lampholders) that distribute or control but do not consume Dwelling Unit. A single unit, providing complete and inde-
electrical energy are considered devices. Devices that con- pendent living facilities for one or more persons, including
sume incidental amounts of electrical energy in the perfor- permanent provisions for living, sleeping, cooking, and sani-
mance of carrying or controlling electricity are now also tation.
considered devices. Some examples of these components
include a switch with an internal pilot light, a GFCI recepta-

A mobile home may be considered to be a dwelling unit.cle, and even a magnetic contactor.
Where dwelling units are referenced throughout the Code,
it is important to note that rooms in motels, hotels, and
similar occupancies could be classified as dwelling units if

Disconnecting Means. A device, or group of devices, or
they satisfy the requirements of the definition. For example,

other means by which the conductors of a circuit can be
the motel or hotel room illustrated in Exhibit 100.8 clearly

disconnected from their source of supply.
meets the definition because it has permanent provisions for
living, sleeping, cooking, and sanitation.

For disconnecting means for service equipment, see Part VI
of Article 230; for fuses, see Part IV of Article 240; for
circuit breakers, see Part VII of Article 240; for appliances,
see Part III of Article 422; for space-heating equipment, see
Part III of Article 424; for motors and controllers, see Part
IX of Article 430; and for air-conditioning and refrigerating
equipment, see Part II of Article 440. (See also references
for disconnecting means in the index.)

Dusttight. Constructed so that dust will not enter the enclos-
ing case under specified test conditions.

Table 430.91, Motor Controller Enclosure Selection, pro-
vides a basis for selecting enclosure types that are dusttight.

Living

Sleeping

Eating

C
lo

se
t

C
oo

ki
ngBath area

R
ef

.

(See also the commentary following the definition of enclo-
Exhibit 100.8 Example of motel or hotel room considered to besure.)
a dwelling unit.The term dustproof was removed from the Code for the

2002 edition because it was no longer applicable or used in
the Code.

Dwelling, One-Family. A building that consists solely of
one dwelling unit.

Duty, Continuous. Operation at a substantially constant Dwelling, Two-Family. A building that consists solely of
two dwelling units.load for an indefinitely long time.
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Article 100 — Definitions

designations. Enclosures marked with a type may also beDwelling, Multifamily. A building that contains three or
more dwelling units. marked as follows:

Electric Sign. A fixed, stationary, or portable self-con- A Type 1 may be marked ‘‘Indoor Use Only.’’
tained, electrically illuminated utilization equipment with

A Type 3, 3S, 4, 4X, 6, or 6P may be marked ‘‘Rain-
words or symbols designed to convey information or attract

tight.’’
attention.

A Type 3R may be marked ‘‘Rainproof.’’
Enclosed. Surrounded by a case, housing, fence, or wall(s)

A Type 4, 4X, 6, or 6P may be marked ‘‘Watertight.’’that prevents persons from accidentally contacting energized
parts. A Type 4X or 6P may be marked ‘‘Corrosion Resistant.’’

A Type 2, 5, 12, 12K, or 13 may be marked ‘‘Driptight.’’Enclosure. The case or housing of apparatus, or the fence
or walls surrounding an installation to prevent personnel A Type 3, 3S, 5, 12K, or 13 may be marked ‘‘Dusttight.’’
from accidentally contacting energized parts or to protect

For equipment designated ‘‘Raintight,’’ testing designedthe equipment from physical damage.
to simulate exposure to a beating rain will not result in

FPN: See Table 430.91 for examples of enclosure types. entrance of water. For equipment designated ‘‘Rainproof,’’
testing designed to simulate exposure to a beating rain will
not interfere with the operation of the apparatus or resultThe information in Commentary Table 1.1 is taken from

the 2003 UL General Information Directory (White Book), in wetting of live parts and wiring within the enclosure.
‘‘Watertight’’ equipment is so constructed that water doescategory AALZ, ‘‘Electrical Equipment for Use in Ordinary

Locations.’’ The table summarizes the intended uses of the not enter the enclosure when subjected to a stream of water.
‘‘Corrosion resistant’’ equipment is constructed so that itvarious types of enclosures for nonhazardous locations.

Enclosures that comply with the requirements for more provides a degree of protection against exposure to corrosive
agents such as salt spray. ‘‘Driptight’’ equipment is con-than one type of enclosure may be marked with multiple

Commentary Table 1.1 Environmental Protections for Nonhazardous Locations,
by Type of Enclosure

Enclosure Type Provides a Degree of Protection Against
Number the Following Environmental Conditions*

1 Indoor use
2 Indoor use, limited amounts of falling water

3R Outdoor use, undamaged by the formation of ice on the enclosure†
3 Same as 3R plus windblown dust

3S Same as 3R plus windblown dust; external mechanisms remain operable while
ice laden

4 Outdoor use, splashing water, windblown dust, hose-directed water, undamaged
by the formation of ice on the enclosure†

4X Same as 4 plus resists corrosion
5 Indoor use to provide a degree of protection against settling airborne dust, falling

dirt, and dripping noncorrosive liquids
6 Same as 3R plus entry of water during temporary submersion at a limited depth

6P Same as 3R plus entry of water during prolonged submersion at a limited depth
12, 12K Indoor use, dust, dripping noncorrosive liquids

13 Indoor use, dust, spraying water, oil, and noncorrosive coolants

*All enclosure types provide a degree of protection against ordinary corrosion and against accidental contact
with the enclosed equipment when doors or covers are closed and in place. All types of enclosures provide
protection against a limited amount of falling dirt.
†All outdoor-type enclosures provide a degree of protection against rain, snow, and sleet. Outdoor enclosures
are also suitable for use indoors if they meet the environmental conditions present.
Source: Underwriters Laboratories, General Information Directory, 2003 edition.
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Article 100 — Definitions

Feeder. All circuit conductors between the service equip-structed so that falling moisture or dirt does not enter the
enclosure. ‘‘Dusttight’’ equipment is constructed so that cir- ment, the source of a separately derived system, or other

power supply source and the final branch-circuit overcurrentculating or airborne dust does not enter the enclosure.
device.

Energized. Electrically connected to, or is, a source of volt-
See the commentary following the definition of branch cir-

age.
cuit, including Exhibit 100.6, which illustrates the difference
between branch circuits and feeders.

The definition of energized was broadened for the 2005 Code
to point out that equipment such as batteries, capacitors, and
conductors with induced voltages must also be considered Festoon Lighting. A string of outdoor lights that is sus-
energized. This term is no longer limited to just ‘‘connected

pended between two points.
to a source of voltage.’’ For a more thorough understanding
of energized, also see the definitions of exposed (as applied

The general requirements for festoon lighting are located into live parts) and live parts.
225.6(B). Use the index to find specific requirements.

Equipment. A general term including material, fittings, de-
vices, appliances, luminaires (fixtures), apparatus, and the Fitting. An accessory such as a locknut, bushing, or other
like used as a part of, or in connection with, an electrical part of a wiring system that is intended primarily to perform
installation. a mechanical rather than an electrical function.

Explosionproof Apparatus. Apparatus enclosed in a case
Items such as condulets, conduit couplings, EMT connectorsthat is capable of withstanding an explosion of a specified
and couplings, and threadless connectors are considered fit-gas or vapor that may occur within it and of preventing the
tings.ignition of a specified gas or vapor surrounding the enclosure

by sparks, flashes, or explosion of the gas or vapor within,
and that operates at such an external temperature that a
surrounding flammable atmosphere will not be ignited Garage. A building or portion of a building in which one
thereby. or more self-propelled vehicles can be kept for use, sale,

storage, rental, repair, exhibition, or demonstration purposes.FPN: For further information, see ANSI/UL 1203-1999,
Explosion-Proof and Dust-Ignition-Proof Electrical
Equipment for Use in Hazardous (Classified) Locations. Revised for the 2002 Code, the definition of garage was

simplified and includes the garages for electric vehicles cov-Exposed (as applied to live parts). Capable of being inad-
ered in Article 625.vertently touched or approached nearer than a safe distance

by a person. It is applied to parts that are not suitably guarded,
isolated, or insulated. FPN: For commercial garages, repair and storage, see

Article 511.

For a more thorough understanding of exposed (as applied
Ground. A conducting connection, whether intentional orto live parts), also see the definitions of energized and live
accidental, between an electrical circuit or equipment andparts. Requirements for guarding of live parts may be found
the earth or to some conducting body that serves in placein 110.27.
of the earth.

Grounded. Connected to earth or to some conducting bodyExposed (as applied to wiring methods). On or attached
that serves in place of the earth.

to the surface or behind panels designed to allow access.

Grounded, Effectively. Intentionally connected to earth
See Exhibit 100.2, where wiring methods located behind a through a ground connection or connections of sufficiently
suspended ceiling with lift-out panels are considered ex- low impedance and having sufficient current-carrying capac-
posed (as applied to wiring methods). ity to prevent the buildup of voltages that may result in

undue hazards to connected equipment or to persons.

Externally Operable. Capable of being operated without Grounded, Solidly. Connected to ground without inserting
any resistor or impedance device.exposing the operator to contact with live parts.
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Article 100 — Definitions

Moved for the 2005 Code, this definition was originally The definition of grounding electrode is new for the 2005
Code.located in 230.95. Because the term solidly grounded is

used throughout the Code, it is now included in Article 100.

Grounding Electrode Conductor. The conductor used to
connect the grounding electrode(s) to the equipment ground-Grounded Conductor. A system or circuit conductor that
ing conductor, to the grounded conductor, or to both, at theis intentionally grounded.
service, at each building or structure where supplied by a

Ground-Fault Circuit Interrupter (GFCI). A device in- feeder(s) or branch circuit(s), or at the source of a separately
tended for the protection of personnel that functions to de- derived system.
energize a circuit or portion thereof within an established
period of time when a current to ground exceeds the values

The definition of grounding electrode conductor has been
established for a Class A device.

expanded for the 2005 Code and is now consistent with the
FPN: Class A ground-fault circuit interrupters trip when language of 250.32 as well as 225.32. Grounding electrode
the current to ground has a value in the range of 4 mA conductors have always been used to connect to electrodes
to 6 mA. For further information, see UL 943, Standard not only at services and separately derived systems but also
for Ground-Fault Circuit Interrupters.

where feeders and branch circuits require connections to
grounding electrodes, such as at second buildings and other

The commentary following 210.8 contains a list of applicable structures.
cross-references for ground-fault circuit interrupters The grounding electrode conductor is covered exten-
(GFCIs). Exhibit 210.7 through Exhibit 210.15 contain spe- sively in Article 250, Part III. The grounding electrode con-
cific information regarding the requirements for GFCIs. ductor is required to be copper, aluminum, or copper-clad

The FPN following the definition describes in detail aluminum. It is used to connect the equipment grounding
how personal protection is achieved. conductor or the grounded conductor (at the service or at

the separately derived system) to the grounding electrode
or electrodes for either grounded or ungrounded systems.

Ground-Fault Protection of Equipment. A system in-
Refer to Exhibit 100.4 and Exhibit 250.1, which show the

tended to provide protection of equipment from damaging
grounding electrode conductor in a typical grounding system

line-to-ground fault currents by operating to cause a discon-
for a single-phase, 3-wire service. The grounding electrode

necting means to open all ungrounded conductors of the
conductor is sized according to the requirements of 250.66

faulted circuit. This protection is provided at current levels
and the accompanying Table 250.66.

less than those required to protect conductors from damage
through the operation of a supply circuit overcurrent device.

Guarded. Covered, shielded, fenced, enclosed, or other-
wise protected by means of suitable covers, casings, barriers,See the commentary following 230.95, 426.28, and 427.22.
rails, screens, mats, or platforms to remove the likelihood
of approach or contact by persons or objects to a point of

GroundingConductor. A conductor used to connect equip- danger.
ment or the grounded circuit of a wiring system to a ground- Guest Room. An accommodation combining living, sleep-
ing electrode or electrodes. ing, sanitary, and storage facilities within a compartment.
Grounding Conductor, Equipment. The conductor used Guest Suite. An accommodation with two or more contigu-
to connect the non–current-carrying metal parts of equip- ous rooms comprising a compartment, with or without doors
ment, raceways, and other enclosures to the system grounded between such rooms, that provides living, sleeping, sanitary,
conductor, the grounding electrode conductor, or both, at and storage facilities.
the service equipment or at the source of a separately derived
system.

The definitions of guest room and quest suite are new in
the 2005 Code. The latter was added to ensure that those

See 250.118 for types of equipment grounding conductors. units with more than one room are covered by the applicable
Proper sizing of equipment grounding conductors is found code requirements. Some requirements for guest rooms in
in 250.122 and Table 250.122. hotels, motels, and similar occupancies are found in 210.60.

Grounding Electrode. A device that establishes an electri- Handhole Enclosure. An enclosure identified for use in
underground systems, provided with an open or closed bot-cal connection to the earth.
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Article 100 — Definitions

tom, and sized to allow personnel to reach into, but not Exhibit 430.20 depicts requirements for the placement of a
enter, for the purpose of installing, operating, or maintaining disconnecting means that is not in sight.
equipment or wiring or both.

Interrupting Rating. The highest current at rated voltageThe term handhole enclosure is a much needed addition to
that a device is intended to interrupt under standard testArticle 100 and is new in the 2005 Code. Requirements for
conditions.handhole enclosures are found in 314.30. Exhibit 100.9

shows the installation of one type of handhole enclosure.
Interrupting ratings are essential in the coordination of elec-
trical systems so that available fault currents can be properly
controlled. Other sections specifically dealing with inter-
rupting ratings are 110.9, 240.60(C), 240.83(C), and 240.86.

FPN: Equipment intended to interrupt current at other
than fault levels may have its interrupting rating implied
in other ratings, such as horsepower or locked rotor cur-
rent.

Isolated (as applied to location). Not readily accessible to
persons unless special means for access are used.

See the definition of accessible, readily.

Labeled. Equipment or materials to which has been
attached a label, symbol, or other identifying mark of an
organization that is acceptable to the authority having juris-
diction and concerned with product evaluation, that main-

Exhibit 100.9 Example of handhole enclosure installation.
tains periodic inspection of production of labeled equipment(Courtesy of Strongwell)
or materials, and by whose labeling the manufacturer indi-
cates compliance with appropriate standards or performance
in a specified manner.Hoistway. Any shaftway, hatchway, well hole, or other ver-

tical opening or space in which an elevator or dumbwaiter
is designed to operate. Equipment and conductors required or permitted by this

Code are acceptable only if they have been approved for a
specific environment or application by the authority havingSee Article 620 for the installation of electrical equipment
jurisdiction, as stated in 110.2. See 90.7 regarding the exami-and wiring methods in hoistways.
nation of equipment for safety. Listing or labeling by a
qualified testing laboratory provides a basis for approval.

Identified (as applied to equipment). Recognizable as
suitable for the specific purpose, function, use, environment,

Lighting Outlet. An outlet intended for the direct connec-application, and so forth, where described in a particular
tion of a lampholder, a luminaire (lighting fixture), or aCode requirement.
pendant cord terminating in a lampholder.

FPN: Some examples of ways to determine suitability
of equipment for a specific purpose, environment, or Listed. Equipment, materials, or services included in a list
application include investigations by a qualified testing published by an organization that is acceptable to the author-
laboratory (listing and labeling), an inspection agency, ity having jurisdiction and concerned with evaluation of
or other organizations concerned with product evaluation.

products or services, that maintains periodic inspection of
production of listed equipment or materials or periodic eval-In Sight From (Within Sight From,Within Sight). Where

this Code specifies that one equipment shall be ‘‘in sight uation of services, and whose listing states that the equip-
ment, material, or services either meets appropriatefrom,’’ ‘‘within sight from,’’ or ‘‘within sight,’’ and so forth,

of another equipment, the specified equipment is to be visible designated standards or has been tested and found suitable
for a specified purpose.and not more than 15 m (50 ft) distant from the other.
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Article 100 — Definitions

FPN: The means for identifying listed equipment may The term luminaire replaced the generic term lighting fixturevary for each organization concerned with product evalu-
throughout the Code for the 2002 edition. Although newation, some of which do not recognize equipment as
lighting techniques such as light pipes and glass fiber opticslisted unless it is also labeled. Use of the system employed

by the listing organization allows the authority having are sometimes referred to as ‘‘lighting systems,’’ the defini-
jurisdiction to identify a listed product. tion of luminaire does not necessarily preclude such systems,

because light pipes and fiber optics are actually ‘‘parts de-
signed to distribute the light.’’The NEC definition of listed matches the definition of listed

found in the NFPA Regulations Governing Committee Proj-
ects. Reviewing other NEC-defined terms such as approved,
authority having jurisdiction (AHJ), identified (as applied Metal-Enclosed Power Switchgear. A switchgear assem-
to equipment), and labeled will help the user understand the bly completely enclosed on all sides and top with sheet metal
approval process. (except for ventilating openings and inspection windows)

containing primary power circuit switching, interrupting de-
vices, or both, with buses and connections. The assembly

Live Parts. Energized conductive components. may include control and auxiliary devices. Access to the
interior of the enclosure is provided by doors, removable
covers, or both.The definition of live parts is associated with all voltage

levels, not just voltage levels that present a shock hazard.
Motor Control Center. An assembly of one or more en-
closed sections having a common power bus and principally
containing motor control units.Location, Damp. Locations protected from weather and

not subject to saturation with water or other liquids but Multioutlet Assembly. A type of surface, flush, or free-
subject to moderate degrees of moisture. Examples of such standing raceway designed to hold conductors and recepta-
locations include partially protected locations under cano- cles, assembled in the field or at the factory.
pies, marquees, roofed open porches, and like locations, and
interior locations subject to moderate degrees of moisture,

The definition of multioutlet assembly now includes a refer-such as some basements, some barns, and some cold-storage
ence to a freestanding assembly with multiple outlets, com-warehouses.
monly called a power pole. In dry locations, metallic and
nonmetallic multioutlet assemblies are permitted; however,Location, Dry. A location not normally subject to dampness
they are not permitted to be installed if concealed. See Articleor wetness. A location classified as dry may be temporarily
380 for details on recessing multioutlet assemblies. Exhibitsubject to dampness or wetness, as in the case of a building
100.10 shows a multioutlet assembly used for countertopunder construction.
appliances.

Location, Wet. Installations under ground or in concrete
slabs or masonry in direct contact with the earth; in locations
subject to saturation with water or other liquids, such as

Nonautomatic. Action requiring personal intervention for
vehicle washing areas; and in unprotected locations exposed

its control. As applied to an electric controller, nonautomatic
to weather.

control does not necessarily imply a manual controller, but
only that personal intervention is necessary.

It is intended that the inside of a raceway in a wet location
or a raceway installed underground be considered a wet Nonlinear Load. A load where the wave shape of the

steady-state current does not follow the wave shape of thelocation. Therefore, any conductors contained therein would
be required to be suitable for wet locations. applied voltage.

See 300.6(D) for some examples of wet locations and
410.4(A) for information on luminaires installed in wet loca- Nonlinear loads are a major cause of harmonic currents in
tions. See patient care area in 517.2 for a definition of wet modern circuits. Additional conductor heating is just one
locations in a patient care area. of the undesirable operational effects often associated with

harmonic currents. FPN No. 1 following 310.10 points out
that harmonic current, as well as fundamental current, should

Luminaire. A complete lighting unit consisting of a lamp be used in determining the heat generated internally in a
or lamps together with the parts designed to distribute the conductor.
light, to position and protect the lamps and ballast (where Actual circuit measurements of current for nonlinear
applicable), and to connect the lamps to the power supply.
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Article 100 — Definitions

Overcurrent. Any current in excess of the rated current of
equipment or the ampacity of a conductor. It may result
from overload, short circuit, or ground fault.

FPN: A current in excess of rating may be accommo-
dated by certain equipment and conductors for a given
set of conditions. Therefore, the rules for overcurrent
protection are specific for particular situations.

Overload. Operation of equipment in excess of normal,
full-load rating, or of a conductor in excess of rated ampacity
that, when it persists for a sufficient length of time, would
cause damage or dangerous overheating. A fault, such as a
short circuit or ground fault, is not an overload.

Panelboard. A single panel or group of panel units designed
for assembly in the form of a single panel, including buses
and automatic overcurrent devices, and equipped with or
without switches for the control of light, heat, or power
circuits; designed to be placed in a cabinet or cutout box
placed in or against a wall, partition, or other support; and
accessible only from the front.

See Article 408, Parts I and III, for detailed requirements
concerning panelboards.

Plenum. A compartment or chamber to which one or more
Exhibit 100.10 Multioutlet assembly installed to serve count- air ducts are connected and that forms part of the air distribu-
ertop appliances. (Courtesy of The Wiremold Co.) tion system.

loads should be made using only true rms-measuring amme- The definition of plenum in the Code is essentially the same
ter instruments. Averaging ammeters produces inaccurate as the definition of plenum in NFPA 90A, Standard for the
values if used to measure nonlinear loads. [See the associated Installation of Air-Conditioning and Ventilating Systems. For
commentary in 310.15(B)(4)(c).] information on wiring methods permitted within plenums,

see 300.22(B).
The definition of plenum is not intended to apply to the

FPN: Electronic equipment, electronic/electric-dis- space above a suspended ceiling that is used for environmen-
charge lighting, adjustable-speed drive systems, and simi-

tal air as referred to in 300.22(C).lar equipment may be nonlinear loads.
The air-handling space under a computer room floor

Outlet. A point on the wiring system at which current is has special requirements. See Article 645.
taken to supply utilization equipment.

Power Outlet. An enclosed assembly that may include re-An example is a lighting outlet or a receptacle outlet.
ceptacles, circuit breakers, fuseholders, fused switches,
buses, and watt-hour meter mounting means; intended to

Outline Lighting. An arrangement of incandescent lamps, supply and control power to mobile homes, recreational
electric discharge lighting, or other electrically powered light vehicles, park trailers, or boats or to serve as a means for
sources to outline or call attention to certain features such distributing power required to operate mobile or temporarily
as the shape of a building or the decoration of a window. installed equipment.

Premises Wiring (System). That interior and exterior wir-Revised for the 2005 Code, the definition of outline lighting
ing, including power, lighting, control, and signal circuitnow clearly includes low-voltage light-emitting diodes as
wiring together with all their associated hardware, fittings,well as other luminaires installed to form various shapes.
and wiring devices, both permanently and temporarily in-See Article 600 for details on outline lighting.
stalled, that extends from the service point or source of
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Article 100 — Definitions

power, such as a battery, a solar photovoltaic system, or a (D) Employee Training.
generator, transformer, or converter windings, to the out- (1) Qualified Person. A qualified person shall be
let(s). Such wiring does not include wiring internal to appli- trained and knowledgeable of the construction and opera-

tion of equipment or a specific work method and be trainedances, luminaires (fixtures), motors, controllers, motor
to recognize and avoid the electrical hazards that might becontrol centers, and similar equipment.
present with respect to that equipment or work method.

Qualified Person. One who has skills and knowledge re- (a) Such persons shall also be familiar with the
proper use of the special precautionary techniques, per-lated to the construction and operation of the electrical equip-
sonal protective equipment, including arc-flash, insulat-ment and installations and has received safety training on
ing and shielding materials, and insulated tools and testthe hazards involved.
equipment. A person can be considered qualified with
respect to certain equipment and methods but still beFPN: Refer to NFPA 70E-2004, Standard for Electrical
unqualified for others.Safety in the Workplace, for electrical safety training

requirements. (b) An employee who is undergoing on-the-job train-
ing and who, in the course of such training, has demon-
strated an ability to perform duties safely at his or herThe following excerpt on training requirements is taken
level of training and who is under the direct supervisionfrom 110.6 in the 2004 edition of NFPA 70E, Standard for
of a qualified person shall be considered to be a qualified

Electrical Safety in the Workplace. These training require- person for the performance of those duties.
ments are presented here only as an aid to understanding (c) Such persons permitted to work within the Lim-
the requisite minimum training requirements specified in ited Approach Boundary of exposed live parts operating
NFPA 70E, a recognized and widely used workplace safety at 50 volts or more shall, at a minimum, be additionally
standard. It is imporrtant to understand that this commentary, trained in all of the following:

(1) The skills and techniques necessary to distinguishlike the fine print note following the definition of qualified
exposed energized parts from other parts of electricalperson, is informational only, and mandatory application of
equipmentthese safety training provisions is dependent on whether

(2) The skills and techniques necessary to determineNFPA 70E has been specifically adopted by the enforcing
the nominal voltage of exposed live partsjurisdiction.

(3) The approach distances specified in Table
130.2(C) [of NFPA 70E] and the corresponding voltagesExcerpt from NFPA 70E-2004, Standard for

Electrical Safety in the Workplace to which the qualified person will be exposed
(4) The decision-making process necessary to deter-

110.6 Training Requirements. mine the degree and extent of the hazard and the personal
(A) Safety Training. The training requirements con- protective equipment and job planning necessary to per-

tained in this section shall apply to employees who face form the task safely
a risk of electrical hazard that is not reduced to a safe (2) Unqualified Persons. Unqualified persons shall
level by the electrical installation requirements of Chapter be trained in and be familiar with any of the electrical
4 [of NFPA 70E]. Such employees shall be trained to safety-related practices that might not be addressed spe-
understand the specific hazards associated with electrical cifically by Chapter 1 [of NFPA 70E] but are necessary
energy. They shall be trained in safety-related work prac- for their safety.
tices and procedural requirements as necessary to provide
protection from the electrical hazards associated with
their respective job or task assignments. Employees shall

Raceway. An enclosed channel of metal or nonmetallic ma-be trained to identify and understand the relationship
terials designed expressly for holding wires, cables, or bus-between electrical hazards and possible injury.
bars, with additional functions as permitted in this Code.(B) Type of Training. The training required by this
Raceways include, but are not limited to, rigid metal conduit,section shall be classroom or on-the-job type, or a combi-

nation of the two. The degree of training provided shall be rigid nonmetallic conduit, intermediate metal conduit, liq-
determined by the risk to the employee. uidtight flexible conduit, flexible metallic tubing, flexible

(C) Emergency Procedures. Employees working metal conduit, electrical nonmetallic tubing, electrical metal-
on or near exposed energized electrical conductors or lic tubing, underfloor raceways, cellular concrete floor race-
circuit parts shall be trained in methods of release of ways, cellular metal floor raceways, surface raceways,
victims from contact with exposed energized conductors wireways, and busways.
or circuit parts. Employees shall be regularly instructed
in methods of first aid and emergency procedures, such as

Raceways are covered generally within Article 300 and spe-approved methods of resuscitation, if their duties warrant
such training. cifically throughout Chapter 3. Cable trays (see Article
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Article 100 — Definitions

392) are support systems for wiring methods and are not See Exhibit 100.11 and the commentary following
220.3(B)(9).considered to be raceways.

Remote-Control Circuit. Any electric circuit that controls
Rainproof. Constructed, protected, or treated so as to pre- any other circuit through a relay or an equivalent device.
vent rain from interfering with the successful operation of
the apparatus under specified test conditions.

Exhibit 100.12 illustrates a remote-control circuit that starts
and stops an electric motor.

See the commentary following the definition of enclosure.

Raintight. Constructed or protected so that exposure to a
beating rain will not result in the entrance of water under
specified test conditions.

Raceways on exterior surfaces of buildings are required to
be made raintight (see 225.22 and 230.53). For boxes and
cabinets, see 300.6. Also see the commentary following the
definitions of location, wet, and enclosure.

Receptacle. A receptacle is a contact device installed at the
outlet for the connection of an attachment plug. A single
receptacle is a single contact device with no other contact
device on the same yoke. A multiple receptacle is two or
more contact devices on the same yoke.

Exhibit 100.11 shows one single and two multiple recepta-
cles.

Start

Stop

Remote-control
circuit

C

M

Exhibit 100.12 Remote-control circuit for starting and stopping
an electric motor.

Sealable Equipment. Equipment enclosed in a case or cabi-
net that is provided with a means of sealing or locking so
that live parts cannot be made accessible without opening
the enclosure. The equipment may or may not be operable
without opening the enclosure.

Separately Derived System. A premises wiring system
whose power is derived from a source of electric energy or
equipment other than a service. Such systems have no direct

Single
Receptacle

Multiple
Receptacle

(Duplex)

Multiple
Receptacle

electrical connection, including a solidly connected
grounded circuit conductor, to supply conductors originating

Exhibit 100.11 Receptacles. in another system.

Revised for the 2005 Code, the definition of separately
ReceptacleOutlet. An outlet where one or more receptacles derived system more accurately describes the term, but the
are installed.
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Article 100 — Definitions

examples of such systems have been deleted from the defini- In Exhibit 100.13, the overhead service-drop conductors run
from the utility pole and connect to the service-entrancetion. Some examples of a separately derived system may

include a generator, a battery, converter windings, a trans- conductors at the service point. Conductors on the utility
side of the service point are not covered by the NEC. Theformer, and a solar photovoltaic system provided they ‘‘have

no direct electrical connection’’ to another source. utility specifies the location of the service point. Exact loca-
tions of the service point may vary from utility to utility, as
well as from occupancy to occupancy.

Service. The conductors and equipment for delivering elec-
tric energy from the serving utility to the wiring system of
the premises served.

The definition of service includes the statement that electric
energy to a service can be supplied only by the serving
utility. If electric energy is supplied by other than the serving
utility, the supplied conductors and equipment are considered
feeders, not a service.

Service Cable. Service conductors made up in the form of
a cable.

Service Conductors. The conductors from the service point
to the service disconnecting means.

Service conductors is a broad term and may include service
drops, service laterals, and service-entrance conductors. This

Service-drop conductors

Service-entrance
conductors

Service point

term specifically excludes, however, any wiring on the sup-
ply side (serving utility side) of the service point. Simply Exhibit 100.13 Overhead system showing a service drop from

a utility pole to attachment on a house and service-entranceput, the service conductors originate at the service point
conductors from point of attachment (spliced to service-drop con-(where the serving utility ends) and end at the service discon-
ductors), down the side of the house, through the meter socket,nect. These service conductors may originate only from the
and terminating in the service equipment.serving utility.

If the utility has specified that the service point is at
the utility pole, then the service conductors from an overhead

Service-Entrance Conductors, Overhead System. The
distribution system originate at the utility pole and terminate

service conductors between the terminals of the service
at the service disconnecting means.

equipment and a point usually outside the building, clear of
If the utility has specified that the service point is at

building walls, where joined by tap or splice to the service
the utility manhole, then the service conductors from an

drop.
underground distribution system originate at the utility man-
hole and terminate at the service disconnecting means.

See Exhibit 100.13 for an illustration of service-entranceWhere utility-owned primary conductors are extended to
conductors in an overhead system.outdoor pad-mounted transformers on private property, the

service conductors originate at the secondary connections
of the transformers only if the utility has specified that the

Service-Entrance Conductors, Underground System.service point is at the secondary connections.
The service conductors between the terminals of the serviceSee Article 230, Part VIII, and the commentary follow-
equipment and the point of connection to the service lateral.ing 230.200 for service conductors exceeding 600 volts,

nominal. FPN: Where service equipment is located outside the
building walls, there may be no service-entrance conduc-
tors or they may be entirely outside the building.

Service Drop. The overhead service conductors from the
last pole or other aerial support to and including the splices, See Exhibit 100.14 for an illustration of service-entrance
if any, connecting to the service-entrance conductors at the conductors in an underground system.
building or other structure.
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Article 100 — Definitions

switches and is required to be readily accessible either out-
side the building or structure or inside nearest the point of
entrance of the service-entrance conductors. See 230.6 for
service conductors outside the building and Article 230, Part
VI, for service disconnecting means.

Service Lateral. The underground service conductors be-
tween the street main, including any risers at a pole or
other structure or from transformers, and the first point of
connection to the service-entrance conductors in a terminal
box or meter or other enclosure, inside or outside the building
wall. Where there is no terminal box, meter, or other enclo-
sure, the point of connection is considered to be the point
of entrance of the service conductors into the building.

As Exhibit 100.14 shows, the underground service laterals
may be run from poles or from transformers and with or
without terminal boxes, provided they begin at the service
point. Conductors on the utility side of the service point are
not covered by the NEC. The utility specifies the location
of the service point. Exact locations of the service point may
vary from utility to utility, as well as from occupancy to
occupancy.

Service Point. The point of connection between the facili-
ties of the serving utility and the premises wiring.

Service lateral Service-entrance conductors

Service lateral Terminal
box

Service-entrance conductors

Meter and
service
equipment

Meter and
service
equipment

The service point is the point of demarcation between the
serving utility and the premises wiring. The service point isExhibit 100.14 Underground systems showing service laterals
the point on the wiring system where the serving utility endsrun from a pole and from a transformer.
and the premises wiring begins. The serving utility generally
specifies the location of the service point.

Because the location of the service point is generally
Service Equipment. The necessary equipment, usually determined by the utility, the service-drop conductors and
consisting of a circuit breaker(s) or switch(es) and fuse(s) the service-lateral conductors may or may not be part of the
and their accessories, connected to the load end of service service covered by the NEC. For these types of conductors to
conductors to a building or other structure, or an otherwise be covered, they must be physically located on the premises
designated area, and intended to constitute the main control wiring side of the service point. If the conductors are located
and cutoff of the supply. on the utility side of the service point, they are not covered

by the definition of service conductors and are therefore not
covered by the NEC.Service equipment may consist of circuit breakers or fused

switches that are provided to disconnect all ungrounded Based on the definitions of the terms service point and
service conductors, any conductor on the serving utility sideconductors in a building or other structure from the service-

entrance conductors. It is important to understand that indi- of the service point generally is not covered by the NEC.
For example, a typical suburban residence has an overheadvidual meter socket enclosures are not considered service

equipment according to 230.66. A case could be made that service drop from the utility pole to the house. If the utility
specifies that the service point is at the point of attachmentpotential and current transformer cabinets associated with

utility meter enclosures are also excluded from the definition of the service drop to the house, then the service-drop con-
ductors are not considered service conductors because theof service equipment.

The disconnecting means at any one location is not service drop is not on the premises wiring side of the service
point. Alternatively, if the utility specifies that the serviceallowed to consist of more than six circuit breakers or six
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Article 100 — Definitions

overcurrent protection are different, and the differences arepoint is ‘‘at the pole,’’ then the service-drop conductors are
considered service conductors, and the NEC would apply to found in the product standards UL 489, Molded-Case Circuit

Breakers, Molded-Case Switches and Circuit-Breaker En-the service drop.
Exact locations for a service point may vary from utility closures, and UL 1077, Supplementary Protectors for Use

in Electrical Equipment.to utility, as well as from occupancy to occupancy.
Provided as a generalization for understanding, the NEC

requires that all branch circuits use only branch circuitShow Window. Any window used or designed to be used
‘‘rated’’ overcurrent protective devices to protect branchfor the display of goods or advertising material, whether it
circuits, but it permits supplementary overcurrent protectionis fully or partly enclosed or entirely open at the rear and
devices for limited use downstream of the branch circuitwhether or not it has a platform raised higher than the street
‘‘rated’’ overcurrent protective device.floor level.

Added for the 2005 Code, the definition of supplemen-
tary overcurrent protection device contains two important

See 220.14(G), 220.43(A), and Exhibit 220.1 for show-win- distinctions between supplementary overcurrent protection
dow lighting load requirements. devices and branch circuit overcurrent protective devices.

First, the use of a supplementary device is specifically lim-
SignalingCircuit. Any electric circuit that energizes signal- ited to only a few applications. Second, where it is used,
ing equipment. the supplementary device must be in addition to and be

protected by the more robust branch circuit overcurrent pro-Solar Photovoltaic System. The total components and sub-
tective device.systems that, in combination, convert solar energy into elec-

trical energy suitable for connection to a utilization load.

Switch, Bypass Isolation. A manually operated device used
See Article 690 for solar photovoltaic system requirements. in conjunction with a transfer switch to provide a means of

directly connecting load conductors to a power source and
of disconnecting the transfer switch.Special Permission. The written consent of the authority

having jurisdiction.
See 700.6(B) and 701.7(B) for further information on bypass
isolation transfer switches.The authority having jurisdiction for enforcement of the

Code is responsible for making interpretations and granting
special permission contemplated in a number of the rules,

Switch, General-Use. A switch intended for use in generalas stated in 90.4. For specific examples of special permission,
distribution and branch circuits. It is rated in amperes, andsee 110.26(A)(1)(b), 230.2(B), and 426.14.
it is capable of interrupting its rated current at its rated
voltage.

Structure. That which is built or constructed.
Switch, General-Use Snap. A form of general-use switch
constructed so that it can be installed in device boxes or on

Added for the 2002 Code, this definition of structure allows box covers, or otherwise used in conjunction with wiring
architects, electrical engineers, general contractors, electrical systems recognized by this Code.
contractors, and all building officials to use the same defini-

Switch, Isolating. A switch intended for isolating an elec-tion.
tric circuit from the source of power. It has no interrupting
rating, and it is intended to be operated only after the circuitSupplementary Overcurrent Protective Device. A device
has been opened by some other means.intended to provide limited overcurrent protection for spe-

cific applications and utilization equipment such as lumi- Switch, Motor-Circuit. A switch rated in horsepower that
naires (lighting fixtures) and appliances. This limited is capable of interrupting the maximum operating overload
protection is in addition to the protection provided in the current of a motor of the same horsepower rating as the
required branch circuit by the branch circuit overcurrent switch at the rated voltage.
protective device.

Switch, Transfer. An automatic or nonautomatic device for
transferring one or more load conductor connections from

There are two levels of overcurrent protection within branch one power source to another.
circuits: branch circuit overcurrent protection and supple-

Switchboard. A large single panel, frame, or assembly ofmentary overcurrent protection. The devices used to provide
panels on which are mounted on the face, back, or both,
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Article 100 — Definitions

the flash point but not in sufficient quantities to form answitches, overcurrent and other protective devices, buses,
and usually instruments. Switchboards are generally accessi- ignitible mixture.
ble from the rear as well as from the front and are not
intended to be installed in cabinets. Voltage (of a circuit). The greatest root-mean-square (rms)

(effective) difference of potential between any two conduc-
Busbars are required to be arranged to avoid inductive over- tors of the circuit concerned.
heating. Service busbars are required to be isolated by barri-
ers from the remainder of the switchboard. Most modern Common 3-phase, 4-wire wye systems are 480/277 volts
switchboards are totally enclosed to minimize the probability and 208/120 volts. The voltage of the circuit is the higher
of spreading fire to adjacent combustible materials and to voltage between any two conductors (i.e., 480 volts or 208
guard live parts. See Article 408 for more information re- volts). The voltage of the circuit of a 2-wire feeder or branch
garding switchboards. circuit (single phase and the grounded conductor) derived

from these systems would be the lower voltage between two
conductors (i.e., 277 volts or 120 volts). The same applies

Thermally Protected (as applied to motors). The words to dc or single-phase, 3-wire systems where there are two
Thermally Protected appearing on the nameplate of a motor voltages.
or motor-compressor indicate that the motor is provided with
a thermal protector.

FPN: Some systems, such as 3-phase 4-wire, single-
phase 3-wire, and 3-wire direct current, may have variousThermal Protector (as applied to motors). A protective
circuits of various voltages.device for assembly as an integral part of a motor or motor-

compressor that, when properly applied, protects the motor Voltage, Nominal. A nominal value assigned to a circuit
against dangerous overheating due to overload and failure or system for the purpose of conveniently designating its
to start. voltage class (e.g., 120/240 volts, 480Y/277 volts, 600 volts).

The actual voltage at which a circuit operates can vary fromFPN: The thermal protector may consist of one or more
the nominal within a range that permits satisfactory operationsensing elements integral with the motor or motor-com-
of equipment.pressor and an external control device.

Utilization Equipment. Equipment that utilizes electric en-
See 220.5(A) for a list of nominal voltages used in computing

ergy for electronic, electromechanical, chemical, heating,
branch-circuit and feeder loads.

lighting, or similar purposes.

Ventilated. Provided with a means to permit circulation of FPN: See ANSI C84.1-1995, Voltage Ratings for Elec-
air sufficient to remove an excess of heat, fumes, or vapors. tric Power Systems and Equipment (60 Hz).

Voltage to Ground. For grounded circuits, the voltage be-
See the commentary following 110.13(B). tween the given conductor and that point or conductor of

the circuit that is grounded; for ungrounded circuits, the
greatest voltage between the given conductor and any other

Volatile Flammable Liquid. A flammable liquid having a conductor of the circuit.
flash point below 38�C (100�F), or a flammable liquid whose
temperature is above its flash point, or a Class II combustible

The voltage to ground of a 277/480-volt wye system wouldliquid that has a vapor pressure not exceeding 276 kPa (40
be 277 volts; of a 120/208-volt wye system, 120 volts; andpsia) at 38�C (100�F) and whose temperature is above its
of a 3-phase, 3-wire ungrounded 480-volt system, 480 volts.flash point.

For a 3-phase, 4-wire delta system with the center of
one leg grounded, there are two voltages to ground. For

The flash point of a liquid is defined as the minimum temper- example, on a 240-volt system, two legs would each have
ature at which it gives off sufficient vapor to form an ignitible 120 volts to ground, and the third, or ‘‘high,’’ leg would
mixture, with the air near the surface of the liquid or within have 208 volts to ground. See 110.15, 230.56, and 408.3(E)
the vessel used to contain the liquid. An ignitible mixture for special marking and arrangements on such circuit con-
is defined as a mixture within the explosive or flammable ductors.
range (between upper and lower limits) that is capable of
the propagation of flame away from the source of ignition

Watertight. Constructed so that moisture will not enter thewhen ignited. Some emission of vapors takes place below
enclosure under specified test conditions.
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Article 100 — Definitions

charge or propagate a flashover to or between groundedUnless an enclosure is hermetically sealed, it is possible members or conduction members in the path of the dis-
for moisture to enter the enclosure. See the commentary charge where the distance between the vent and such
following the definition of enclosure and following Table insulation or conduction members conforms to manufac-

turer’s recommendations.430.91.
Expulsion Fuse Unit (Expulsion Fuse). A vented fuse unit
in which the expulsion effect of gases produced by the arcWeatherproof. Constructed or protected so that exposure
and lining of the fuseholder, either alone or aided by a spring,to the weather will not interfere with successful operation.
extinguishes the arc.

FPN: Rainproof, raintight, or watertight equipment can Nonvented Power Fuse. A fuse without intentional provi-fulfill the requirements for weatherproof where varying
sion for the escape of arc gases, liquids, or solid particlesweather conditions other than wetness, such as snow, ice,
to the atmosphere during circuit interruption.dust, or temperature extremes, are not a factor.

Power Fuse Unit. A vented, nonvented, or controlled vented
fuse unit in which the arc is extinguished by being drawnSee the commentary following the definition of enclosure.
through solid material, granular material, or liquid, eitherIndustry standards for enclosures are found in the commen-
alone or aided by a spring.tary following 430.91.
Vented Power Fuse. A fuse with provision for the escape
of arc gases, liquids, or solid particles to the surroundingII. Over 600 Volts, Nominal
atmosphere during circuit interruption.

Whereas the preceding definitions are intended to apply
Multiple Fuse. An assembly of two or more single-polewherever the terms are used throughout this Code, the fol-
fuses.lowing definitions are applicable only to parts of the article

specifically covering installations and equipment operating Switching Device. A device designed to close, open, or
at over 600 volts, nominal. both, one or more electric circuits.

Circuit Breaker. A switching device capable of making, car-Electronically Actuated Fuse. An overcurrent protective
rying, and interrupting currents under normal circuit condi-device that generally consists of a control module that pro-
tions, and also of making, carrying for a specified time,vides current sensing, electronically derived time–current
and interrupting currents under specified abnormal circuitcharacteristics, energy to initiate tripping, and an interrupting
conditions, such as those of short circuit.module that interrupts current when an overcurrent occurs.

Electronically actuated fuses may or may not operate in a Cutout. An assembly of a fuse support with either a fuse-
current-limiting fashion, depending on the type of control holder, fuse carrier, or disconnecting blade. The fuseholder
selected. or fuse carrier may include a conducting element (fuse link)

or may act as the disconnecting blade by the inclusion of a
nonfusible member.Although they are called fuses because they interrupt current

by melting a fusible element, electronically actuated fuses Disconnecting (or Isolating) Switch (Disconnector, Isola-
respond to a signal from an electronic control rather than tor). A mechanical switching device used for isolating a
from the heat generated by actual current passing through circuit or equipment from a source of power.
a fusible element. Electronically actuated fuses have controls Disconnecting Means. A device, group of devices, or other
similar to those of electronic circuit breakers. means whereby the conductors of a circuit can be discon-

nected from their source of supply.

Interrupter Switch. A switch capable of making, carrying,Fuse. An overcurrent protective device with a circuit-open-
and interrupting specified currents.ing fusible part that is heated and severed by the passage

of overcurrent through it. Oil Cutout (Oil-Filled Cutout). A cutout in which all or part
of the fuse support and its fuse link or disconnecting bladeFPN: A fuse comprises all the parts that form a unit
is mounted in oil with complete immersion of the contactscapable of performing the prescribed functions. It may

or may not be the complete device necessary to connect and the fusible portion of the conducting element (fuse link)
it into an electrical circuit. so that arc interruption by severing of the fuse link or by

opening of the contacts will occur under oil.Controlled Vented Power Fuse. A fuse with provision for
Oil Switch. A switch having contacts that operate under oilcontrolling discharge circuit interruption such that no solid
(or askarel or other suitable liquid).material may be exhausted into the surrounding atmosphere.

Regulator Bypass Switch. A specific device or combinationFPN: The fuse is designed so that discharged gases will
not ignite or damage insulation in the path of the dis- of devices designed to bypass a regulator.
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Article 110 — Requirements for Electrical Installations

ARTICLE 110 110.16 Flash Protection
110.18 Arcing PartsRequirements for Electrical
110.19 Light and Power from Railway ConductorsInstallations
110.21 Marking
110.22 Identification of Disconnecting Means

Summary of Changes 110.23 Current Transformers
II. 600 Volts, Nominal, or Less• 110.1: Revised paragraph to include enclosures intended

110.26 Spaces About Electrical Equipmentfor personnel entry.
(A) Working Space• 110.12: Added FPN referencing ANSI-approved
(B) Clear Spacesstandards.
(C) Entrance to Working Space

• 110.15:Revised paragraph to clarify application of special (D) Illumination
identification to the high leg only. (E) Headroom

• 110.16: Revised paragraph to include meter socket (F) Dedicated Equipment Space
enclosures. 110.27 Guarding of Live Parts

(A) Live Parts Guarded Against Accidental Contact• 110.26(C)(2): Deleted six-ft width limitation so that re-
(B) Prevent Physical Damagequirement applies to all equipment rated 1200 amperes
(C) Warning Signsand greater and containing overcurrent devices, switching

III. Over 600 Volts, Nominaldevices, and control devices.
110.30 General

• Part V, 110.70–110.79: Moved Article 314, Part IV to
110.31 Enclosure for Electrical Installations

Article 110.
(A) Fire Resistivity of Electrical Vaults
(B) Indoor Installations
(C) Outdoor Installations

Contents (D) Enclosed Equipment Accessible to Unqualified
I. General Persons

110.1 Scope 110.32 Work Space About Equipment
110.2 Approval 110.33 Entrance and Access to Work Space
110.3 Examination, Identification, Installation, and (A) Entrance

Use of Equipment (B) Access
(A) Examination 110.34 Work Space and Guarding
(B) Installation and Use (A) Working Space

110.4 Voltages (B) Separation from Low-Voltage Equipment
110.5 Conductors (C) Locked Rooms or Enclosures
110.6 Conductor Sizes (D) Illumination
110.7 Insulation Integrity (E) Elevation of Unguarded Live Parts
110.8 Wiring Methods (F) Protection of Service Equipment, Metal-
110.9 Interrupting Rating Enclosed Power Switchgear, and Industrial
110.10 Circuit Impedance and Other Characteristics Control Assemblies

110.36 Circuit Conductors110.11 Deteriorating Agents
110.40 Temperature Limitations at Terminations110.12 Mechanical Execution of Work

IV. Tunnel Installations over 600 Volts, Nominal(A) Unused Openings
110.51 General(B) Subsurface Enclosures

(A) Covered(C) Integrity of Electrical Equipment and
(B) Other ArticlesConnections
(C) Protection Against Physical Damage110.13 Mounting and Cooling of Equipment

110.52 Overcurrent Protection(A) Mounting
110.53 Conductors(B) Cooling
110.54 Bonding and Equipment Grounding Conductors110.14 Electrical Connections

(A) Grounded and Bonded(A) Terminals
(B) Equipment Grounding Conductors(B) Splices

110.55 Transformers, Switches, and Electrical(C) Temperature Limitations
Equipment110.15 High-Leg Marking
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110.1 Article 110 — Requirements for Electrical Installations

(1) Suitability for installation and use in conformity with
110.56 Energized Parts the provisions of this Code
110.57 Ventilation System Controls
110.58 Disconnecting Means FPN: Suitability of equipment use may be identified by

a description marked on or provided with a product to110.59 Enclosures
identify the suitability of the product for a specific pur-V. Manholes and Other Electric Enclosures Intended for
pose, environment, or application. Suitability of equip-Personnel Entry, All Voltages
ment may be evidenced by listing or labeling.

110.70 General
110.71 Strength (2) Mechanical strength and durability, including, for parts
110.72 Cabling Work Space designed to enclose and protect other equipment, the
110.74 Equipment Work Space adequacy of the protection thus provided
110.74 Bending Space for Conductors (3) Wire-bending and connection space
110.75 Access to Manholes (4) Electrical insulation

(A) Dimensions (5) Heating effects under normal conditions of use and also
(B) Obstructions under abnormal conditions likely to arise in service
(C) Location (6) Arcing effects
(D) Covers (7) Classification by type, size, voltage, current capacity,
(E) Marking and specific use

110.76 Access to Vaults and Tunnels (8) Other factors that contribute to the practical safe-
(A) Location guarding of persons using or likely to come in contact
(B) Locks with the equipment

110.77 Ventilation
110.78 Guarding For wire-bending and connection space in cabinets and cut-
110.79 Fixed ladders out boxes, see 312.6, Table 312.6(A), Table 312.6(B), 312.7,

312.9, and 312.11. For wire-bending and connection space
in other equipment, see the appropriate NEC article andI. General
section. For example, see 314.16 and 314.28 for outlet,110.1 Scope
device, pull, and junction boxes, as well as conduit bodies;

This article covers general requirements for the examination 404.3 and 404.18 for switches; 408.3(F) for switchboards
and approval, installation and use, access to and spaces about and panelboards; and 430.10 for motors and motor control-
electrical conductors and equipment; enclosures intended lers.
for personnel entry; and tunnel installations.

110.2 Approval
(B) Installation and Use Listed or labeled equipment shall

The conductors and equipment required or permitted by this be installed and used in accordance with any instructions
Code shall be acceptable only if approved. included in the listing or labeling.

FPN: See 90.7, Examination of Equipment for Safety,
and 110.3, Examination, Identification, Installation, and

Manufacturers usually supply installation instructions withUse of Equipment. See definitions of Approved, Identi-
equipment for use by general contractors, erectors, electricalfied, Labeled, and Listed.
contractors, electrical inspectors, and others concerned with
an installation. It is important to follow the listing or labelingAll electrical equipment is required to be approved as defined
installation instructions. For example, 210.52, second para-in Article 100 and, as such, to be acceptable to the authority
graph, permits permanently installed electric baseboard heat-having jurisdiction (also defined in Article 100). Section
ers to be equipped with receptacle outlets that meet the110.3 provides guidance for the evaluation of equipment
requirements for the wall space utilized by such heaters.and recognizes listing or labeling as a means of establishing
The installation instructions for such permanent baseboardsuitability.
heaters indicate that the heaters should not be mounted be-Approval of equipment is the responsibility of the elec-
neath a receptacle. In dwelling units, it is common to usetrical inspection authority, and many such approvals are
low-density heating units that measure in excess of 12 ft inbased on tests and listings of testing laboratories.
length. Therefore, to meet the provisions of 210.52(A) and
also the installation instructions, a receptacle must either be110.3 Examination, Identification, Installation,
part of the heating unit or be installed in the floor close toand Use of Equipment
the wall but not above the heating unit. (See 210.52, FPN,

(A) Examination In judging equipment, considerations and Exhibit 210.23 for more specific details.)
such as the following shall be evaluated:
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110.7Article 110 — Requirements for Electrical Installations

expressed as 12 AWG. The resulting expression would there-In itself, 110.3 does not require listing or labeling of
equipment. It does, however, require considerable evaluation fore appear as six 12 AWG conductors instead of 6 No. 12

conductors.of equipment. Section 110.2 requires that equipment be ac-
ceptable only if approved. The term approved is defined in Conductors larger than 4/0 AWG are sized in circular

mils, beginning with 250,000 circular mils. Prior to the 1990Article 100 as acceptable to the authority having jurisdiction
(AHJ). Before issuing approval, the authority having juris- edition, a 250,000-circular-mil conductor was labeled 250

MCM. The term MCM was defined as 1000 circular milsdiction may require evidence of compliance with 110.3(A).
The most common form of evidence considered acceptable (the first M being the Roman numeral designation for 1000).

Beginning in the 1990 edition, the notation was changed toby authorities having jurisdiction is a listing or labeling by
a third party. 250 kcmil to recognize the accepted convention that k indi-

cates 1000. UL standards and IEEE standards also use theSome sections in the Code require listed or labeled
equipment. For example, 250.8 includes the phrase ‘‘listed notation kcmil rather than MCM.

The circular mil area of a conductor is equal to itspressure connectors, listed clamps, or other listed means.’’
diameter in mils squared (1 in. � 1000 mils). For example,
the circular mil area of an 8 AWG solid conductor that has
a 0.1285-in. diameter is calculated as follows:110.4 Voltages

Throughout this Code, the voltage considered shall be that 0.1285 in. � 1000 = 128.5 mils
at which the circuit operates. The voltage rating of electrical

128.5 � 128.5 = 16,512.25 circular mils
equipment shall not be less than the nominal voltage of a

or 16,510 circular mils (rounded off)circuit to which it is connected.
According to Table 8 in Chapter 9, this rounded value

represents the circular mil area for one conductor. WhereVoltages used for computing branch-circuit and feeder loads
stranded conductors are used, the circular mil area of eachare nominal voltages as listed in 220.5. See the definitions
strand must be multiplied by the number of strands to deter-of voltage (of a circuit); voltage, nominal; and voltage to
mine the circular mil area of the conductor.ground in Article 100. See also 300.2 and 300.3(C), which

specify the voltage limitations of conductors of circuits rated
600 volts, nominal, or less, and over 600 volts, nominal. 110.7 Insulation Integrity

Completed wiring installations shall be free from short cir-
cuits and from grounds other than as required or permitted

110.5 Conductors in Article 250.
Conductors normally used to carry current shall be of copper
unless otherwise provided in this Code. Where the conductor Insulation is the material that prevents the flow of electricity
material is not specified, the material and the sizes given in between points of different potential in an electrical system.
this Code shall apply to copper conductors. Where other Failure of the insulation system is one of the most common
materials are used, the size shall be changed accordingly. causes of problems in electrical installations, in both high-

voltage and low-voltage systems.FPN: For aluminum and copper-clad aluminum conduc-
Insulation tests are performed on new or existing instal-tors, see 310.15.

lations to determine the quality or condition of the insulation
of conductors and equipment. The principal causes of insula-See 310.14 for aluminum conductor material.
tion failures are heat, moisture, dirt, and physical damage
(abrasion or nicks) occurring during and after installation.
Insulation can also fail due to chemical attack, sunlight, and110.6 Conductor Sizes
excessive voltage stresses.

Conductor sizes are expressed in American Wire Gage Insulation integrity must be maintained during overcur-
(AWG) or in circular mils. rent conditions. Overcurrent protective devices must be se-

lected and coordinated using tables of insulation thermal-
withstand ability to ensure that the damage point of anFor copper, aluminum, or copper-clad aluminum conductors

up to size 4/0 AWG, this Code uses the American Wire insulated conductor is never reached. These tables, entitled
‘‘Allowable Short-Circuit Currents for Insulated Copper (orGage (AWG) for size identification, which is the same as

the Brown and Sharpe (BS) Gage. Changed for the 2002 Aluminum) Conductors,’’ are contained in the Insulated
Cable Engineers Association’s publication ICEA P-32-382.Code, wire sizes up to size 4/0 AWG are now expressed as

XX AWG, XX being the size wire. For example, a wire size See 110.10 for other circuit components.
In an insulation resistance test, a voltage ranging fromexpressed as No. 12 in prior editions of the Code is now
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110.8 Article 110 — Requirements for Electrical Installations

100 to 5000 (usually 500 to 1000 volts for systems of 600 permitted to be installed in any type of building or occu-
pancy, except as otherwise provided in this Code.volts or less), supplied from a source of constant potential,

is applied across the insulation. A megohmmeter is usually
the potential source, and it indicates the insulation resistance The scope of Article 300 applies generally to all wiring
directly on a scale calibrated in megohms (MÙ). The quality methods, except as amended, modified, or supplemented by
of the insulation is evaluated based on the level of the insula- other NEC chapters. The application statement is found in
tion resistance. 90.3, Code Arrangement.

The insulation resistance of many types of insulation
varies with temperature, so the field data obtained should
be corrected to the standard temperature for the class of 110.9 Interrupting Rating
equipment being tested. The megohm value of insulation Equipment intended to interrupt current at fault levels shall
resistance obtained is inversely proportional to the volume have an interrupting rating sufficient for the nominal circuit
of insulation tested. For example, a cable 1000 ft long would voltage and the current that is available at the line terminals
be expected to have one-tenth the insulation resistance of a of the equipment.
cable 100 ft long, if all other conditions are identical. Equipment intended to interrupt current at other than

The insulation resistance test is relatively easy to per- fault levels shall have an interrupting rating at nominal cir-
form and is useful on all types and classes of electrical cuit voltage sufficient for the current that must be interrupted.
equipment. Its main value lies in the charting of data from
periodic tests, corrected for temperature, over a long period

The interrupting rating of overcurrent protective devices isso that deteriorative trends can be detected.
determined under standard test conditions. It is importantManuals on this subject are available from instrument
that the test conditions match the actual installation needs.manufacturers. Thorough knowledge in the use of insulation
Section 110.9 states that all fuses and circuit breakers in-testers is essential if the test results are to be meaningful. Ex-
tended to interrupt the circuit at fault levels must have anhibit 110.1 shows a typical megohmmeter insulation tester.
adequate interrupting rating wherever they are used in the
electrical system. Fuses or circuit breakers that do not have
adequate interrupting ratings could rupture while attempting
to clear a short circuit.

Interrupting ratings should not be confused with short-
circuit current ratings. Short-circuit current ratings are fur-
ther explained in the commentary following 110.10.

110.10 Circuit Impedance and Other
Characteristics
The overcurrent protective devices, the total impedance, the
component short-circuit current ratings, and other character-
istics of the circuit to be protected shall be selected and
coordinated to permit the circuit-protective devices used to
clear a fault to do so without extensive damage to the electri-
cal components of the circuit. This fault shall be assumed
to be either between two or more of the circuit conductors
or between any circuit conductor and the grounding conduc-
tor or enclosing metal raceway. Listed products applied in
accordance with their listing shall be considered to meet the
requirements of this section.

In the 1999 Code, the word current was substituted for the
obsolete word withstand. That change correlated the CodeExhibit 110.1 A manual multivoltage, multirange insulation

tester. language with the standard marking language used on equip-
ment. Withstand ratings are not marked on equipment, but
short-circuit current ratings are. This marking appears on110.8 Wiring Methods
many pieces of equipment, such as panelboards, switch-

Only wiring methods recognized as suitable are included boards, busways, contactors, and starters. Additionally, the
in this Code. The recognized methods of wiring shall be
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110.12Article 110 — Requirements for Electrical Installations

fuses, molded-case circuit breakers, and low-voltage powerlast sentence of 110.10 is meant to address concerns of what
exactly constitutes ‘‘extensive damage.’’ Because, under circuit breakers, depending on specific circuit and installa-

tion requirements.product safety requirements, electrical equipment is evalu-
ated for indications of extensive damage, listed products
used within their ratings are considered to have met the

110.11 Deteriorating Agentsrequirements of 110.10.
The basic purpose of overcurrent protection is to open Unless identified for use in the operating environment, no

the circuit before conductors or conductor insulation is dam- conductors or equipment shall be located in damp or wet
aged when an overcurrent condition occurs. An overcurrent locations; where exposed to gases, fumes, vapors, liquids, or
condition can be the result of an overload, a ground fault, other agents that have a deteriorating effect on the conductors
or a short circuit and must be eliminated before the conductor or equipment; or where exposed to excessive temperatures.
insulation damage point is reached.

FPN No. 1: See 300.6 for protection against corrosion.
Overcurrent protective devices (such as fuses and circuit

FPN No. 2: Some cleaning and lubricating compounds
breakers) should be selected to ensure that the short-circuit can cause severe deterioration of many plastic materials
current rating of the system components is not exceeded used for insulating and structural applications in equip-
should a short circuit or high-level ground fault occur. ment.

System components include wire, bus structures,
Equipment identified only as ‘‘dry locations,’’ ‘‘Typeswitching, protection and disconnect devices, and distribu-

1,’’ or ‘‘indoor use only’’ shall be protected against perma-tion equipment, all of which have limited short-circuit ratings
nent damage from the weather during building construction.and would be damaged or destroyed if those short-circuit

ratings were exceeded. Merely providing overcurrent protec-
110.12 Mechanical Execution of Worktive devices with sufficient interrupting rating would not
Electrical equipment shall be installed in a neat and work-ensure adequate short-circuit protection for the system com-
manlike manner.ponents. When the available short-circuit current exceeds

the short-circuit current rating of an electrical component,
FPN: Accepted industry practices are described in ANSI/

the overcurrent protective device must limit the let-through NECA 1-2000, Standard Practices for Good Workman-
energy to within the rating of that electrical component. ship in Electrical Contracting, and other ANSI-approved

installation standards.Utility companies usually determine and provide infor-
mation on available short-circuit current levels at the service
equipment. Literature on how to calculate short-circuit cur- The regulation in 110.12 calling for ‘‘neat and workmanlike’’
rents at each point in any distribution generally can be ob- installations has appeared in the NEC as currently worded
tained by contacting the manufacturers of overcurrent for more than a half-century. It stands as a basis for pride
protective devices or by referring to IEEE 141-1993, IEEE in one’s work and has been emphasized by persons involved
Recommended Practice for Electric Power Distribution for in the training of apprentice electricians for many years.
Industrial Plants (Red Book). Many Code conflicts or violations have been cited by the

For a typical one-family dwelling with a 100-ampere authority having jurisdiction based on the authority’s interpre-
service using 2 AWG aluminum supplied by a 371/2 kVA tation of ‘‘neat and workmanlike manner.’’ Many electrical
transformer with 1.72 percent impedance located at a dis- inspection authorities use their own experience or precedents
tance of 25 ft, the available short-circuit current would be in their local areas as the basis for their judgments.
approximately 6000 amperes. Examples of installations that do not qualify as ‘‘neat

Available short-circuit current to multifamily structures, and workmanlike’’ include exposed runs of cables or race-
where pad-mounted transformers are located close to the ways that are improperly supported (e.g., sagging between
multimetering location, can be relatively high. For example, supports or use of improper support methods); field-bent and
the line-to-line fault current values close to a low-impedance kinked, flattened, or poorly measured raceways; or cabinets,
transformer could exceed 22,000 amperes. At the secondary cutout boxes, and enclosures that are not plumb or not prop-
of a single-phase, center-tapped transformer, the line-to-neu- erly secured.
tral fault current is approximately one and one-half times The FPN, new for the 2005 Code, directs the user to
that of the line-to-line fault current. The short-circuit current an industry accepted ANSI standard that clearly describes
rating of utilization equipment located and connected near and illustrates ‘‘neat and workmanlike’’ electrical installa-
the service equipment should be known. For example, HVAC tions. See Exhibit 110.2.
equipment is tested at 3500 amperes through a 40-ampere
load rating and at 5000 amperes for loads rated more than

(A) Unused Openings Unused cable or raceway openings40 amperes.
in boxes, raceways, auxiliary gutters, cabinets, cutout boxes,Adequate short-circuit protection can be provided by
meter socket enclosures, equipment cases, or housings shall
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110.13 Article 110 — Requirements for Electrical Installations

wiring terminals, insulators, and other surfaces, shall not be
damaged or contaminated by foreign materials such as paint,
plaster, cleaners, abrasives, or corrosive residues. There shall
be no damaged parts that may adversely affect safe operation
or mechanical strength of the equipment such as parts that
are broken; bent; cut; or deteriorated by corrosion, chemical
action, or overheating.

110.13 Mounting and Cooling of Equipment
(A) Mounting Electrical equipment shall be firmly secured
to the surface on which it is mounted. Wooden plugs driven
into holes in masonry, concrete, plaster, or similar materials
shall not be used.

(B) Cooling Electrical equipment that depends on the natu-
ral circulation of air and convection principles for cooling
of exposed surfaces shall be installed so that room airflow
over such surfaces is not prevented by walls or by adjacent
installed equipment. For equipment designed for floor
mounting, clearance between top surfaces and adjacent sur-
faces shall be provided to dissipate rising warm air.

Electrical equipment provided with ventilating openings
shall be installed so that walls or other obstructions do not
prevent the free circulation of air through the equipment.

Ventilated is defined in Article 100. Panelboards, transform-
ers, and other types of equipment are adversely affected if
enclosure surfaces normally exposed to room air are covered
or tightly enclosed. Ventilating openings in equipment are
provided to allow the circulation of room air around internal

Exhibit 110.2 Exhibit 110.2. ANSI/NECA 1-2000, Standard
components of the equipment; the blocking of such openingsPractice for Good Workmanship in Electrical Contracting, one
can cause dangerous overheating. For example, a ventilatedexample of the many ANSI standards that describe ‘‘neat and
busway must be located where there are no walls or otherworkmanlike’’ installations.
objects that might interfere with the natural circulation of
air and convection principles for cooling. Ventilation forbe effectively closed to afford protection substantially equiv-
motor locations is covered in 430.14(A) and 430.16. Ventila-alent to the wall of the equipment. Where metallic plugs or
tion for transformer locations is covered in 450.9 and 450.45.plates are used with nonmetallic enclosures, they shall be
In addition to 110.13, proper placement of equipment requir-recessed at least 6 mm (1⁄4 in.) from the outer surface of the
ing ventilation becomes enforceable using the requirementsenclosure.
of 110.3(B).

The phrase unused cable or raceway openings clarifies that
openings used for normal operation, such as weep holes, are 110.14 Electrical Connections
not required to be closed up. Because of different characteristics of dissimilar metals, de-

See 408.7 for requirements on unused openings in vices such as pressure terminal or pressure splicing connec-
switchboard and panelboard enclosures. tors and soldering lugs shall be identified for the material

of the conductor and shall be properly installed and used.
Conductors of dissimilar metals shall not be intermixed in a(B) Subsurface Enclosures Conductors shall be racked to
terminal or splicing connector where physical contact occursprovide ready and safe access in underground and subsurface
between dissimilar conductors (such as copper and alumi-enclosures into which persons enter for installation and
num, copper and copper-clad aluminum, or aluminum andmaintenance.
copper-clad aluminum), unless the device is identified for
the purpose and conditions of use. Materials such as solder,(C) Integrity of Electrical Equipment and Connections

Internal parts of electrical equipment, including busbars, fluxes, inhibitors, and compounds, where employed, shall
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110.14Article 110 — Requirements for Electrical Installations

be suitable for the use and shall be of a type that will not The information in the tables was taken from UL 486B,
adversely affect the conductors, installation, or equipment. Wire Connections for Use with Aluminum Conductors. Simi-

lar information can be found in UL 486A, Wire Connections
FPN: Many terminations and equipment are marked with and Solder Lugs for Use with Copper Conductors.
a tightening torque.

(A) Terminals Connection of conductors to terminal parts
Section 110.3(B) applies where terminations and equipment shall ensure a thoroughly good connection without damaging
are marked with tightening torques. the conductors and shall be made by means of pressure

For the testing of wire connectors for which the manu- connectors (including set-screw type), solder lugs, or splices
facturer has not assigned another value appropriate for the to flexible leads. Connectionbymeansof wire-bindingscrews
design, Commentary Tables 1.2 through 1.5 provide data on or studs and nuts that have upturned lugs or the equivalent
the tightening torques that Underwriters Laboratories uses. shall be permitted for 10 AWG or smaller conductors.
These tables should be used for guidance only if no tight- Terminals for more than one conductor and terminals
ening information on a specific wire connector is available. used to connect aluminum shall be so identified.
They should not be used to replace the manufacturer’s in-

(B) Splices Conductors shall be spliced or joined with
splicing devices identified for the use or by brazing, welding,

structions, which should always be followed.

Commentary Table 1.2 Tightening Torques for Screws,* in Pound-Inches

Slotted Head No. 10 and Larger Hexagonal Head-External Drive Socket
Wrench

Wire Size Slot Width to 3⁄64 in. or Slot Slot Width Over 3⁄64 in. or Slot
(AWG or kcmil) Length to 1⁄4 in.† Length Over 1⁄4 in.† Split-Bolt Connectors Other Connectors

30-10 20 35 80 75
8 25 40 80 75
6 35 45 165 110
4 35 45 165 110
3 35 50 275 150
2 40 50 275 150
1 — 50 275 150

1/0 — 50 385 180
2/0 — 50 385 180
3/0 — 50 500 250
4/0 — 50 500 250

250 — 50 650 325
300 — 50 650 325
350 — 50 650 325
400 — 50 825 325
500 — 50 825 375

600 — 50 1000 375
700 — 50 1000 375
750 — 50 1000 375
800 — 50 1100 500
900 — 50 1100 500

1000 — 50 1100 500
1250 — — 1100 600
1500 — — 1100 600
1750 — — 1100 600
2000 — — 1100 600

*Clamping screws with multiple tightening means. For example, for a slotted hexagonal head screw, use the torque
value associated with the tool used in the installation. UL uses both values when testing.
†For values of slot width or length other than those specified, select the largest torque value associated with conductor size.
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110.14 Article 110 — Requirements for Electrical Installations

Wire connectors or splicing means installed on conduc-
Commentary Table 1.3 Torques in Pound-Inches for Slotted tors for direct burial shall be listed for such use.
Head Screws* Smaller Than No. 10, for Use with 8 AWG and
Smaller Conductors

Field observations and trade magazine articles indicate that
Screw-Slot Length Screw-Slot Width Screw-Slot Width electrical connection failures have been determined to be

(in.)† Less Than 3⁄64 in. 3⁄64 in. and Larger the cause of many equipment burnouts and fires. Many of
these failures are attributable to improper terminations, poor

To 5⁄32 7 9 workmanship, the differing characteristics of dissimilar met-
5⁄32 7 12

als, and improper binding screws or splicing devices.3⁄16 7 12
UL’s requirements for listing solid aluminum conductors7⁄32 7 12

in 12 AWG and 10 AWG and for listing snap switches and1⁄4 9 12
9⁄32 — 15 receptacles for use on 15- and 20-ampere branch circuits

Above 9⁄32 — 20 incorporate stringent tests that take into account the factors
listed in the preceding paragraph. For further information

*Clamping screws with multiple tightening means. For example, for a regarding receptacles and switches using CO/ALR-rated ter-slotted hexagonal head screw, use the torque value associated with the
minals, refer to 404.14(C) and 406.2(C).tool used in the installation. UL uses both values when testing.

†For slot lengths of intermediate values, select torques pertaining to Screwless pressure terminal connectors of the conductor
next-shorter slot length. push-in type are for use with solid copper and copper-clad

aluminum conductors only.
Commentary Table 1.4 Torques for Recessed Instructions that describe proper installation techniques
Allen Head Screws

and emphasize the need to follow those techniques and prac-
tice good workmanship are required to be included with

Socket Size Across Flats (in.) Torque (lb-in.)
each coil of 12 AWG and 10 AWG insulated aluminum wire
or cable. See also the commentary on tightening torque that1⁄8 45
follows 110.14, FPN.5⁄32 100

3⁄16 120 New product and material designs that provide increased
7⁄32 150 levels of safety of aluminum wire terminations have been de-
1⁄4 200 veloped by the electrical industry. To assist all concerned par-
5⁄16 275 ties in the proper and safe use of solid aluminum wire in3⁄8 375

making connections to wiring devices used on 15- and 20-1⁄2 500
ampere branch circuits, the following information is pre-9⁄16 600
sented. Understanding and using this information is essential
for proper application of materials and devices now available.

Commentary Table 1.5 Lug-Bolting Torques for Connection of For New Installations
Wire Connectors to Busbars

The following commentary is based on a report prepared
by the Ad Hoc Committee on Aluminum Terminations priorBolt Diameter Tightening Torque (lb-ft)
to publication of the 1975 Code. This information is still

No. 8 or smaller 1.5 pertinent today and is necessary for compliance with
No. 10 2 110.14(A) when aluminum wire is used in new installations.

1⁄4 in. or less 6
New Materials and Devices. For direct connection, only5⁄16 in. 11

3⁄8 in. 19 15- and 20-ampere receptacles and switches marked ‘‘CO/
7⁄16 in. 30 ALR’’ and connected as follows under Installation Method
1⁄2 in. 40 should be used.

9⁄16 in. or larger 55 The ‘‘CO/ALR’’ marking is on the device mounting
yoke or strap. The ‘‘CO/ALR’’ marking means the devices
have been tested to stringent heat-cycling requirements to
determine their suitability for use with UL-labeled alumi-

or soldering with a fusible metal or alloy. Soldered splices num, copper, or copper-clad aluminum wire.
shall first be spliced or joined so as to be mechanically and Listed solid aluminum wire, 12 AWG or 10 AWG,
electrically secure without solder and then be soldered. All marked with the aluminum insulated wire label should be
splices and joints and the free ends of conductors shall be used. The installation instructions that are packaged with
covered with an insulation equivalent to that of the conduc- the wire should be used.
tors or with an insulating device identified for the purpose.
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110.14Article 110 — Requirements for Electrical Installations

Installation Method. Exhibit 110.3 illustrates the following
correct method of connection:

1. The freshly stripped end of the wire is wrapped two-
thirds to three-quarters of the distance around the wire-
binding screw post, as shown in Step A of Exhibit 110.3.
The loop is made so that rotation of the screw during
tightening will tend to wrap the wire around the post
rather than unwrap it.

2. The screw is tightened until the wire is snugly in contact
with the underside of the screw head and with the contact
plate on the wiring device, as shown in Step B of Exhibit
110.3.

3. The screw is tightened an additional half-turn, thereby
providing a firm connection, as shown in Step C of Ex-
hibit 110.3. If a torque screwdriver is used, the screw is
tightened to 12 lb-in.

Incorrect Tightening Torque

Incorrect Wire Wrap

Less than
two-thirds

wrap

Wrong
direction

Overlap

Inadequate
contact

Straight
in

Straight
in

Exhibit 110.4 Incorrect methods of terminating aluminum wire
at wire-binding screw terminals of receptacles and snap switches.
(Redrawn courtesy of Underwriters Laboratories Inc.)

label should be used with wiring devices marked ‘‘CO/ALR’’
and connected as described under Installation Method. This
is the preferred and recommended method for using such
wire.

For the following types of devices, the terminals should
not be directly connected to aluminum conductors but may
be used with labeled copper or copper-clad conductors:

1. Receptacles and snap switches marked ‘‘AL-CU’’
2. Receptacles and snap switches having no conductor

marking
3. Receptacles and snap switches that have back-wired

terminals or screwless terminals of the push-in type

Contact plate on wiring 
device marked “CO/ALR”

Snug contact

Step A: Strip Insulation and Wrap Wire

Step B: Tighten Screw to Full Contact

Wire firmly in contact

Step C: Complete Installation

Screw tightened an additional half-turn, or to 12 lb-in.

Wire wrapped two-thirds around

Wire wrapped three-quarters around

Screw post

For Existing Installations
Exhibit 110.3 Correct method of terminating aluminum wire at If examination discloses overheating or loose connections,
wire-binding screw terminals of receptacles and snap switches. the recommendations described under Existing Inventory
(Redrawn courtesy of Underwriters Laboratories Inc.) should be followed.

Twist-On Wire Connectors4. The wires should be positioned behind the wiring device
to decrease the likelihood of the terminal screws loosen- Because 110.14(B) requires conductors to be spliced with
ing when the device is positioned into the outlet box. ‘‘splicing devices identified for the use,’’ wire connectors

are required to be marked for conductor suitability. Twist-
Exhibit 110.4 illustrates incorrect methods of connec- on wire connectors are not suitable for splicing aluminum

tion. These methods should not be used. conductors or copper-clad aluminum to copper conductors
unless it is so stated and marked as such on the shippingExisting Inventory. Labeled 12 AWG or 10 AWG solid

aluminum wire that does not bear the new aluminum wire carton. The marking is typically ‘‘AL-CU (dry locations).’’
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110.14 Article 110 — Requirements for Electrical Installations

Presently, one style of wire nut and one style of crimp-type and marked otherwise, conductor ampacities used in de-
termining equipment termination provisions shall be basedconnector have been listed as having met these requirements.

On February 2, 1995, Underwriters Laboratories an- on Table 310.16 as appropriately modified by 310.15(B)(6).
nounced the listing of a twist-on wire connector suitable

(a) Termination provisions of equipment for circuitsfor use with aluminum-to-copper conductors, in accordance
rated 100 amperes or less, or marked for 14 AWG through 1with UL 486C, Splicing Wire Connectors. That was the first
AWG conductors, shall be used only for one of the following:listing of a twist-on type connector for aluminum-to-copper

conductors since 1987. The UL listing does not cover alumi- (1) Conductors rated 60�C (140�F).
num-to-aluminum combinations. However, more than one (2) Conductors with higher temperature ratings, provided
aluminum or copper conductor is allowed when used in the ampacity of such conductors is determined based
combination. on the 60�C (140�F) ampacity of the conductor size

These listed wire-connecting devices are available for used.
pigtailing short lengths of copper conductors to the original (3) Conductors with higher temperature ratings if the equip-
aluminum branch-circuit conductors, as shown in Exhibit ment is listed and identified for use with such conduc-
110.5. Primarily, these pigtailed conductors supply 15- and tors.
20-ampere wiring devices. Pigtailing is permitted, provided (4) For motors marked with design letters B, C, or D, con-
there is suitable space within the enclosure. ductors having an insulation rating of 75�C (167�F)

or higher shall be permitted to be used, provided the
ampacity of such conductors does not exceed the 75�C
(167�F) ampacity.

(b) Termination provisions of equipment for circuits
rated over 100 amperes, or marked for conductors larger
than 1 AWG, shall be used only for one of the following:

(1) Conductors rated 75�C (167�F)
(2) Conductors with higher temperature ratings, provided

the ampacity of such conductors does not exceed the
75�C (167�F) ampacity of the conductor size used, or
up to their ampacity if the equipment is listed and identi-
fied for use with such conductors

(2) Separate Connector Provisions Separately installed
pressure connectors shall be used with conductors at the
ampacities not exceeding the ampacity at the listed and
identified temperature rating of the connector.

FPN: With respect to 110.14(C)(1) and (C)(2), equip-
ment markings or listing information may additionally
restrict the sizing and temperature ratings of connected
conductors.

Insulating shrink
sleeving

Before

Copper

Copper

Crimp splicing
device

Twist-on wire
connector

AfterAluminum

Aluminum

A
L/C

U

Section 110.14(C)(1) states that where conductors are termi-Exhibit 110.5 Pigtailing copper to aluminum conductors using
nated in equipment, the selected conductor ampacities musttwo listed devices.
be based on Table 310.16, unless the equipment is specifi-
cally listed and marked otherwise. The intent of this require-
ment is to clarify which ampacities are used to determine(C) Temperature Limitations The temperature rating as-
the proper conductor size at equipment terminations.sociated with the ampacity of a conductor shall be selected

When equipment of 600 volts or less is evaluated rela-and coordinated so as not to exceed the lowest temperature
tive to the appropriate temperature characteristics of therating of any connected termination, conductor, or device.
terminations, conductors sized according to Table 310.16 areConductors with temperature ratings higher than specified
required to be used. The UL General Information Directoryfor terminations shall be permitted to be used for ampacity
(White Book, page 3) clearly indicates that the 60�C andadjustment, correction, or both.
75�C provisions for equipment have been determined using

(1) Equipment Provisions The determination of termina- conductors from Table 310.16. However, installers or design-
tion provisions of equipment shall be based on ers unaware of the UL guide card information might attempt
110.14(C)(1)(a) or (C)(1)(b). Unless the equipment is listed
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110.16Article 110 — Requirements for Electrical Installations

to select conductors based on a table other than Table 310.16, 110.15 High-Leg Marking
especially if a wiring method that allows the use of ampaci- On a 4-wire, delta-connected system where the midpoint of
ties such as those in Table 310.17 is used. That use can one phase winding is grounded, only the conductor or busbar
result in overheated terminations at the equipment. Clearly, having the higher phase voltage to ground shall be durably
the ampacities shown in other tables (such as Table 310.17) and permanently marked by an outer finish that is orange
could be used for various conditions to which the wiring in color or by other effective means. Such identification shall
method is subject (ambient, ampacity correction, etc.), but be placed at each point on the system where a connection is
the conductor size at the termination must be based on am- made if the grounded conductor is also present.
pacities from Table 310.16. This change does not introduce
any new impact on the equipment or the wiring methods;

The high leg is common on a 240/120-volt 3-phase, 4-wireit simply adds a rule from the listing information into the
delta system. It is typically designated as ‘‘B phase.’’ TheCode because it is an installation and equipment selection
high-leg marking, which is required to be the color orangeissue.
or other similar effective means, is intended to prevent prob-Section 110.14(C)(1)(a) requires that conductor termi-
lems due to the lack of complete standardization wherenations, as well as conductors, be rated for the operating
metered and nonmetered equipment are installed in the sametemperature of the circuit. For example, the load on an 8
installation. Electricians should always test each phase rela-AWG THHN, 90�C copper wire is limited to 40 amperes
tive to ground with suitable equipment to determine exactlywhere connected to a disconnect switch with terminals rated
where the high leg is located in the system. The requirementat 60�C. The same 8 AWG THHN, 90�C wire is limited to
in 110.15 previously appeared in 384-3(e) of the 1999 NEC.50 amperes where connected to a fusible switch with termi-
It was moved to Article 110 in 2002, when the applicationnals rated at 75�C. The conductor ampacities were selected
became a more general requirement. For the 2005 Code,from Table 310.16. Not only does this requirement apply to
110.15 was editorially modified for clarity.conductor terminations of breakers and fusible switches,

but the equipment enclosure must also permit terminations
above 60�C. Exhibit 110.6 shows an example of termination

110.16 Flash Protectiontemperature markings.
Switchboards, panelboards, industrial control panels, meter
socket enclosures, and motor control centers that are in
other than dwelling occupancies and are likely to require
examination, adjustment, servicing, or maintenance while
energized shall be field marked to warn qualified persons
of potential electric arc flash hazards. The marking shall be
located so as to be clearly visible to qualified persons before
examination, adjustment, servicing, or maintenance of the
equipment.

This requirement was added in the 2002 Code. Field marking
that warns electrical workers of potential electrical arc flash
hazards is now required because significant numbers of elec-
tricians have been seriously burned or killed by accidental
electrical arc flash while working on ‘‘hot’’ (energized)
equipment. Most of those accidents could have been pre-
vented or their severity significantly reduced if electricians
had been wearing the proper type of protective clothing.
Requiring switchboards, panelboards, and motor control cen-
ters to be individually field marked with proper warning
labels will raise the level of awareness of electrical arc flash
hazards and thereby decrease the number of accidents.

Exhibit 110.7 shows an electrical employee working
inside the flash protection boundary and in front of a large-
capacity service-type switchboard that has not been de-ener-
gized and that is not under the lockout/tagout procedure.
The worker is wearing personal protective equipment (PPE)Exhibit 110.6 An example of termination temperature markings

on a main circuit breaker. (Courtesy of Square D Co.) considered appropriate flash protection clothing for the flash
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110.18 Article 110 — Requirements for Electrical Installations

tices required by NFPA 70E have been implemented and
are being followed. (See also the commentary following the
definition of qualified person in Article 100.)

In addition to the standards referenced in the fine print
notes and their individual bibliographies, additional informa-
tion on this subject can be found in the 1997 report ‘‘Hazards
of Working Electrical Equipment Hot,’’ published by the
National Electrical Manufacturers Association.

FPN No. 1: NFPA 70E-2004, Standard for Electrical
Safety in the Workplace, provides assistance in determin-
ing severity of potential exposure, planning safe work
practices, and selecting personal protective equipment.
FPN No. 2: ANSI Z535.4-1998, Product Safety Signs
and Labels, provides guidelines for the design of safety
signs and labels for application to products.Exhibit 110.7 Electrical worker clothed in personal protective

equipment (PPE) appropriate for the hazard involved.
110.18 Arcing Parts
Parts of electric equipment that in ordinary operation pro-hazard involved. Suitable PPE appropriate to a particular
duce arcs, sparks, flames, or molten metal shall be enclosedhazard is described in NFPA 70E, Standard for Electrical
or separated and isolated from all combustible material.Safety in the Workplace.

Exhibit 110.8 displays one example of a warning sign
Examples of electrical equipment that may produce sparksrequired by 110.16.
during ordinary operation include open motors having a
centrifugal starting switch, open motors with commutators,
and collector rings. Adequate separation from combustible
material is essential if open motors with those features are
used.

FPN: For hazardous (classified) locations, see Articles
500 through 517. For motors, see 430.14.

110.19 Light and Power from Railway
Conductors
Circuits for lighting and power shall not be connected to

WARNING!!
Potential Arc Flash Hazard

  Appropriate PPE and Tools Required
when working on this equipment

any system that contains trolley wires with a ground return.
Exhibit 110.8 One example of an arc flash warning sign required

Exception: Such circuit connections shall be permitted inby 110.16.
car houses, power houses, or passenger and freight stations
operated in connection with electric railways.Accident reports continue to confirm the fact that work-

ers responsible for the installation or maintenance of electri- 110.21 Marking
cal equipment often do not turn off the power source before

The manufacturer’s name, trademark, or other descriptiveworking on the equipment. Working electrical equipment
marking by which the organization responsible for the prod-energized is a major safety concern in the electrical industry.
uct can be identified shall be placed on all electric equipment.The real purpose of this additional code requirement is to
Other markings that indicate voltage, current, wattage, oralert electrical contractors, electricians, facility owners and
other ratings shall be provided as specified elsewhere inmanagers, and other interested parties to some of the hazards
this Code. The marking shall be of sufficient durability toof working on or near energized equipment and to emphasize
withstand the environment involved.the importance of turning off the power before working on

electrical circuits.
The information in fine print notes is not mandatory. The Code requires that equipment ratings be marked on the

equipment and that such markings be located so as to beEmployers can be assured that they are providing a safe
workplace for their employees if safety-related work prac- visible or easily accessible during or after installation.
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110.26Article 110 — Requirements for Electrical Installations

110.22 Identification of Disconnecting Means Key to understanding 110.26 is the division of requirements
for spaces about electrical equipment in two separate andEach disconnecting means shall be legibly marked to indi-

cate its purpose unless located and arranged so the purpose distinct categories: working space and dedicated equipment
space. The term working space generally applies to the pro-is evident. The marking shall be of sufficient durability to

withstand the environment involved. tection of the worker, and dedicated equipment space applies
to the space reserved for future access to electrical equipmentWhere circuit breakers or fuses are applied in compli-

ance with the series combination ratings marked on the and to protection of the equipment from intrusion by non-
electrical equipment. The performance requirements for allequipment by the manufacturer, the equipment enclosure(s)

shall be legibly marked in the field to indicate the equipment spaces about electrical equipment are set forth in the first
sentence. Storage of materials that blocks access or preventshas been applied with a series combination rating. The mark-

ing shall be readily visible and state the following: safe work practices must be avoided at all times.

CAUTION — SERIES COMBINATION SYSTEM
RATED AMPERES. IDENTIFIED

(A) Working Space Working space for equipment op-REPLACEMENT COMPONENTS REQUIRED.
erating at 600 volts, nominal, or less to ground and likely to

FPN: See 240.86(B) for interrupting rating marking for require examination, adjustment, servicing, or maintenance
end-use equipment.

while energized shall comply with the dimensions of
110.26(A)(1), (A)(2), and (A)(3) or as required or permitted

Proper identification needs to be specific. For example, the elsewhere in this Code.
marking should indicate not simply ‘‘motor’’ but rather
‘‘motor, water pump’’; not simply ‘‘lights’’ but rather

The intent of 110.26(A) is to provide enough space for‘‘lights, front lobby.’’ Consideration also should be given to
personnel to perform any of the operations listed withoutthe form of identification. Marking often fades or is covered
jeopardizing worker safety. These operations include exami-by paint after installation. See 408.4 and its associated com-
nation, adjustment, servicing, and maintenance of equip-mentary for further information on circuit directories for
ment. Examples of such equipment include panelboards,switchboards and panelboards. See 408.4 and its associated
switches, circuit breakers, controllers, and controls on heat-commentary for further information on circuit directories
ing and air-conditioning equipment. It is important to under-for switchboards and panelboards.
stand that the word examination, as used in 110.26(A),The second paragraph of 110.22 requires series-rated
includes such tasks as checking for the presence of voltageovercurrent devices to be legibly marked. The equipment
using a portable voltmeter.manufacturer can mark the equipment to be used with series

Minimum working clearances are not required if thecombination ratings. If the equipment is installed in the field
equipment is such that it is not likely to require examination,at its marked series combination rating, the equipment must
adjustment, servicing, or maintenance while energized.have an additional label, as specified in 110.22, to indicate
However, ‘‘sufficient’’ access and working space are stillthat the series combination rating has been used.
required by the opening paragraph of 110.26.

110.23 Current Transformers
(1) Depth of Working Space The depth of the working

Unused current transformers associated with potentially en-
space in the direction of live parts shall not be less than that

ergized circuits shall be short-circuited.
specified in Table 110.26(A)(1) unless the requirements of
110.26(A)(1)(a), (A)(1)(b), or (A)(1)(c) are met. Distances

Because Article 450 specifically exempts current transform- shall be measured from the exposed live parts or from the
ers, the practical solution to prevent damage to current trans- enclosure or opening if the live parts are enclosed.
formers not connected to a load or for unused current
transformers has been placed in 110.23.

For the 2005 Code, some of the text associated with Condi-
tions 1 and 2 was edited for clarity and enforceability. Also,
the Condition 2 metric clearance for 151 to 600 volts wasII. 600 Volts, Nominal, or Less
revised from 1 m to 1.1 m to reflect an accurate metric110.26 Spaces About Electrical Equipment
conversion.

Sufficient access and working space shall be provided and Included in these clearance requirements is the step-
maintained about all electric equipment to permit ready and back distance from the face of the equipment. Table
safe operation and maintenance of such equipment. Enclo- 110.26(A)(1) provides requirements for clearances away
sures housing electrical apparatus that are controlled by a from the equipment, based on the circuit voltage to ground
lock(s) shall be considered accessible to qualified persons.
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110.26 Article 110 — Requirements for Electrical Installations

Table 110.26(A)(1) Working Spaces

Minimum Clear Distance
Nominal Voltage
to Ground Condition 1 Condition 2 Condition 3

0–150 900 mm (3 ft) 900 mm (3 ft) 900 mm (3 ft)
151–600 900 mm (3 ft) 1.1 m (31⁄2 ft) 1.2 m (4 ft)

Note: Where the conditions are as follows:
Condition 1 — Exposed live parts on one side of the working space
and no live or grounded parts on the other side of the working space,
or exposed live parts on both sides of the working space that are
effectively guarded by insulating materials.
Condition 2 — Exposed live parts on one side of the working space
and grounded parts on the other side of the working space. Concrete,
brick, or tile walls shall be considered as grounded.
Condition 3— Exposed live parts on both sides of the working space.

and whether there are grounded or ungrounded objects in
the step-back space or exposed live parts across from each
other. The voltages to ground consist of two groups: 0 to 150,
inclusive, and 151 to 600, inclusive. Examples of common
electrical supply systems covered in the 0 to 150 volts to
ground group include 120/240-volt, single-phase, 3-wire and
208Y/120-volt, 3-phase, 4-wire. Examples of common elec-
trical supply systems covered in the 151 to 600 volts to
ground group include 240-volt, 3-phase, 3-wire; 480Y/277-
volt, 3-phase, 4-wire; and 480-volt, 3-phase, 3-wire (un-
grounded and corner grounded). Remember, where an un-
grounded system is utilized, the voltage to ground (by
definition) is the greatest voltage between the given conduc-

Electric
switchboard

150 V,
nominal,
or less

Exposed
live parts

Exposed
live parts

3 ft

Effectively insulated

3 ft

Grounded parts, concrete, etc.

Condition 1
(3 ft min. for 151–600 V)

Condition 2
(Space Would Increase to 3¹⁄₂ ft for 151–600 V)

Condition 3
(Space Would Increase to 4 ft for 151–600 V)

Electric
switchboard

150 V,
nominal,
or less

Exposed
live parts

3 ft

Electric
switchboard

150 V,
nominal,
or less

Electric
switchboard

150 V,
nominal,
or less

tor and any other conductor of the circuit. For example, the
voltage to ground for a 480-volt ungrounded delta system

Exhibit 110.9 Distances measured from the live parts if the live
is 480 volts. See Exhibit 110.9 for the general working parts are exposed or from the enclosure front if the live parts are
clearance requirements for each of the three conditions listed enclosed. If any assemblies, such as switchboards or motor-
in Table 110.26(A)(1). control centers, are accessible from the back and expose live

parts, the working clearance dimensions would be required at
the rear of the equipment, as illustrated. Note that for Condition

(a) Dead-Front Assemblies. Working space shall not be 3, where there is an enclosure on opposite sides of the working
space, the clearance for only one working space is required.required in the back or sides of assemblies, such as dead-front

switchboards or motor control centers, where all connections
and all renewable or adjustable parts, such as fuses or

requires rear access for nonelectrical activity, however, aswitches, are accessible from locations other than the back
reduced working space of at least 30 in. must be provided.or sides. Where rear access is required to work on nonelectri-
Exhibit 110.10 shows a reduced working space of 30 in. atcal parts on the back of enclosed equipment, a minimum
the rear of equipment to allow work on nonelectrical parts.horizontal working space of 762 mm (30 in.) shall be pro-

vided.

(b) Low Voltage. By special permission, smaller work-The intent of this section is to point out that work space is
ing spaces shall be permitted where all exposed live partsrequired only from the side(s) of the enclosure that requires
operate at not greater than 30 volts rms, 42 volts peak, oraccess. The general rule still applies: Equipment that requires
60 volts dc.front, rear, or side access for electrical activities described

(c) Existing Buildings. In existing buildings where elec-in 110.26(A) must meet the requirements of Table
trical equipment is being replaced, Condition 2 working110.26(A)(1). In many cases, equipment of ‘‘dead-front’’
clearance shall be permitted between dead-front switch-assemblies requires only front access. For equipment that
boards, panelboards, or motor control centers located across
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110.26Article 110 — Requirements for Electrical Installations

Electric 
switch-
board

480/277

UPS
equipment

30 in. 
min.

FrontRear

Air
filter

3¹⁄₂ ft

Do not service 
equipment opposite each 

other at the same time

Electric 
switch-
board 

480/277

Electric 
switch-
board 

480/277

Exhibit 110.10 Example of the 30 in. minimum working space Exhibit 110.11 Permitted reduction from a Condition 3 to a Con-
at the rear of equipment to allow work on nonelectrical parts, dition 2 clearance according to 110.26(A)(1)(c).
such as the replacement of an air filter.

quired by Table 110.26(A)(1). If the equipment is wider than
30 in., the left-to-right space must be equal to the width of
the equipment. See Exhibit 110.12 for an explanation of the

the aisle from each other where conditions of maintenance 30 in. width requirement.
and supervision ensure that written procedures have been
adopted to prohibit equipment on both sides of the aisle
from being open at the same time and qualified persons who
are authorized will service the installation.

This section permits some relief for installations that are
being upgraded. When assemblies such as dead-front switch-
boards, panelboards, or motor-control centers are replaced
in an existing building, the working clearance allowed is that
required by Table 110.26(A)(1), Condition 2. The reduction
from a Condition 3 to a Condition 2 clearance is allowed
only where a written procedure prohibits facing doors of
equipment from being open at the same time and where only
authorized and qualified persons service the installation.
Exhibit 110.11 illustrates this relief for existing buildings.

PanelboardPanelboard Panelboard

Minimum headroom of 6¹⁄₂ ft

90°

30 in. 30 in.

30 in.

Exhibit 110.12 The 30 in. wide front working space, which is
(2) Width of Working Space The width of the working not required to be directly centered on the electrical equipment
space in front of the electric equipment shall be the width if space is sufficient for safe operation and maintenance of such
of the equipment or 750 mm (30 in.), whichever is greater. equipment.
In all cases, the work space shall permit at least a 90 degree
opening of equipment doors or hinged panels. Sufficient depth in the working space also must be

provided to allow a panel or a door to open at least 90
degrees. If doors or hinged panels are wider than 3 ft, moreRegardless of the width of the electrical equipment, the
than a 3 ft deep working space must be provided to allowworking space cannot be less than 30 in. wide. This space
a full 90-degree opening. (See Exhibit 110.13.)allows an individual to have at least shoulder-width space

in front of the equipment. The 30 in. measurement can be
made from either the left or the right edge of the equipment

(3) Height of Working Space The work space shall beand can overlap other electrical equipment, provided the
clear and extend from the grade, floor, or platform to theother equipment does not extend beyond the clearance re-
height required by 110.26(E). Within the height requirements

National Electrical Code Handbook 2005 47

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



110.26 Article 110 — Requirements for Electrical Installations

space, if in a passageway or general open space, shall be
suitably guarded.

Section 110.26(B), as well as the rest of 110.26, does not
prohibit the placement of panelboards in corridors or pas-
sageways. For that reason, when the covers of corridor-
mounted panelboards are removed for servicing or other
work, access to the area around the panelboard should be
guarded or limited to protect unqualified persons using the
corridor.

(C) Entrance to Working Space
(1) Minimum Required At least one entrance of sufficient
area shall be provided to give access to working space about
electrical equipment.

90° Opening

(2) Large Equipment For equipment rated 1200 amperes
Exhibit 110.13 Illustration of requirement that working space or more that contains overcurrent devices, switching devices,
must be sufficient to allow a full 90 degree opening of equipment or control devices, there shall be one entrance to the required
doors in order to ensure a safe working approach. working space not less than 610 mm (24 in.) wide and 2.0

m (61⁄2 ft) high at each end of the working space. Where
the entrance has a personnel door(s), the door(s) shall open
in the direction of egress and be equipped with panic bars,of this section, other equipment that is associated with the

electrical installation and is located above or below the elec- pressure plates, or other devices that are normally latched
but open under simple pressure.trical equipment shall be permitted to extend not more than

150 mm (6 in.) beyond the front of the electrical equipment. A single entrance to the required working space shall
be permitted where either of the conditions in 110.26(C)(2)(a)
or (C)(2)(b) is met.In addition to requiring a working space to be clear from

the floor to a height of 61/2 ft or to the height of the
equipment, whichever is greater, 110.26(A)(3) permits elec- The stipulation that large equipment must be at least 6 ft

wide was deleted for the 2005 Code. Now, for the purposestrical equipment located above or below other electrical
equipment to extend into the working space not more than of this section, large equipment is simply equipment rated

1200 amperes or more. The removal of the 6 ft condition6 in. This requirement allows the placement of a 12 in. �
12 in. wireway on the wall directly above or below a 6 in. has the effect of broadening the scope of this requirement

to now include all spaces containing ‘‘equipment rated 1200deep panelboard without impinging on the working space
or compromising practical working clearances. The require- amperes or more that contains overcurrent devices, switching

devices, or control devices.’’ The effect of this revision isment continues to prohibit large differences in depth of
equipment below or above other equipment that specifically that the required working space for one 1200-ampere safety

switch with a width of approximately 3 ft is now requiredrequires working space. In order to minimize the amount of
space required for electrical equipment, it was not uncom- to be provided with two entrances/exits unless one of the

provisions permitting a single entrance can be applied tomon to find installations of large free-standing, dry-type
transformers within the required work space for a wall- that space. For equipment of this type, it is not unusual that

the provision calling for a continuous and unobstructed waymounted panelboard. Clear access to the panelboard is
compromised by the location of the transformer with its of exit travel from the working space can be applied.

Where the entrance(s) to the working space is throughgrounded enclosure and this type of installation and is clearly
not permitted by this section. Electrical equipment that pro- a door, each door must comply with the requirements for

swinging open in the direction of egress and have doorduces heat or that otherwise requires ventilation also must
comply with 110.3(B) and 110.13. opening hardware that does not require turning of a door

knob or similar action that may preclude quick exit from
the area in the event of an emergency.

(B) Clear Spaces Working space required by this section This requirement affords safety for workers exposed to
shall not be used for storage. When normally enclosed live energized conductors by allowing an injured worker to safely
parts are exposed for inspection or servicing, the working
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110.26Article 110 — Requirements for Electrical Installations

and quickly exit an electrical room without having to turn
knobs or pull doors open.

For a graphical explanation of access and entrance re-
quirements to a working space, see Exhibits 110.14 and
110.15. Notice the unacceptable and hazardous situation
shown in Exhibit 110.16.

Access
panels

Entrance

Working space

Working space

Working
space

Switchboard rated 
1200 A or more 

Front

Exhibit 110.16 Unacceptable arrangement of a large switch-
board. A person could be trapped behind arcing electrical equip-
ment.

(a) Unobstructed Exit. Where the location permits a
continuous and unobstructed way of exit travel, a single
entrance to the working space shall be permitted.

(b) Extra Working Space. Where the depth of the work-
ing space is twice that required by 110.26(A)(1), a single
entrance shall be permitted. It shall be located so that the
distance from the equipment to the nearest edge of the en-
trance is not less than the minimum clear distance specified
in Table 110.26(A)(1) for equipment operating at that voltage
and in that condition.

For an explanation of paragraphs 110.26(C)(2)(a) and
110.26(C)(2)(b), see Exhibits 110.17 and 110.18.

At least one
entrance 
required

Access panels

Access panels

Working space

Working 
space  

Electric
equipment

Electric
equipment

(D) Illumination Illumination shall be provided for all
Exhibit 110.14 Basic Rule, first paragraph. At least one entrance working spaces about service equipment, switchboards, pan-
is required to provide access to the working space around electri- elboards, or motor control centers installed indoors. Addi-
cal equipment [110.26(C)(1)]. The lower installation would not be

tional lighting outlets shall not be required where the workacceptable for a switchboard rated 1200 amperes or more.
space is illuminated by an adjacent light source or as permit-
ted by 210.70(A)(1), Exception No. 1, for switched recepta-
cles. In electrical equipment rooms, the illumination shall
not be controlled by automatic means only.

(E) Headroom The minimum headroom of working spaces
about service equipment, switchboards, panelboards, or
motor control centers shall be 2.0 m (61⁄2 ft). Where the
electrical equipment exceeds 2.0 m (61⁄2 ft) in height, the
minimum headroom shall not be less than the height of the
equipment.

Exception: In existing dwelling units, service equipment or
panelboards that do not exceed 200 amperes shall be per-
mitted in spaces where the headroom is less than 2.0 m

Access 
panel

Access 
panel

Entrances at each end at least 
24 in. wide and 6¹⁄₂ ft high

Working space 

Switchboard rated
1200 A or more

Any Dimension

(61⁄2 ft).
Exhibit 110.15 Basic Rule, second paragraph. For equipment

(F) Dedicated Equipment Space All switchboards, pan-rated 1200 amperes or more, one entrance not less than 24 in.
elboards, distribution boards, and motor control centers shallwide and 61⁄2 ft high is required at each end [110.26(C)(2)].
be located in dedicated spaces and protected from damage.
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110.26 Article 110 — Requirements for Electrical Installations

(b) Foreign Systems. The area above the dedicated
space required by 110.26(F)(1)(a) shall be permitted to con-
tain foreign systems, provided protection is installed to avoid
damage to the electrical equipment from condensation, leaks,
or breaks in such foreign systems.

(c) Sprinkler Protection. Sprinkler protection shall be
permitted for the dedicated space where the piping complies
with this section.

(d) Suspended Ceilings. A dropped, suspended, or simi-
lar ceiling that does not add strength to the building structure
shall not be considered a structural ceiling.

Switchboard 
rated 1200A 

or more

Continuous and 
unobstructed 

way of exit

Only one
entrance
required

The dedicated electrical space includes the space defined by
extending the footprint of the switchboard or panelboardExhibit 110.17 Equipment location that allows a continuous and

unobstructed way of exit travel. from the floor to a height of 6 ft above the height of the
equipment or to the structural ceiling, whichever is lower.
This reserved space permits busways, conduits, raceways,
and cables to enter the equipment. The dedicated electrical
space must be clear of piping, ducts, leak protection appara-
tus, or equipment foreign to the electrical installation.
Plumbing, heating, ventilation, and air-conditioning piping,
ducts, and equipment must be installed outside the width
and depth zone.

Foreign systems installed directly above the dedicated
space reserved for electrical equipment must include protec-
tive equipment that ensures that occurrences such as leaks,
condensation, and even breaks do not damage the electrical
equipment located below.

Sprinkler protection is permitted for the dedicated
spaces as long as the sprinkler or other suppression system
piping complies with 110.26(F)(1)(d). A dropped, sus-
pended, or similar ceiling is permitted to be located directly

X

X

Switchboard rated
1200 A or more 

Switchboard rated
1200 A or more 

Minimum working
clearance required to

be doubled

X = minimum allowable distance

Only one 
entrance 
required

in the dedicated space, as are building structural members.
The electrical equipment also must be protected from

Exhibit 110.18 Working space with one entrance. Only one en- physical damage. Damage can be caused by activities per-
trance is required if the working space required by 110.26(A) is

formed near the equipment, such as material handling bydoubled. See Table 110.26(A)(1) for permitted dimensions of X.
personnel or the operation of a forklift or other mobile equip-
ment. See 110.27(B) for other provisions relating to the
protection of electrical equipment.Exception: Control equipment that by its very nature or

Exhibits 110.19, 110.20, and 110.21 illustrate the twobecause of other rules of the Code must be adjacent to or
distinct indoor installation spaces required by 110.26(A)within sight of its operating machinery shall be permitted
and 110.26(F), that is, the working space and the dedicatedin those locations.
electrical space.

(1) Indoor Indoor installations shall comply with In Exhibit 110.19, the dedicated electrical space required
110.26(F)(1)(a) through (F)(1)(d). by 110.26(F) is the space outlined by the width and the

depth of the equipment (the footprint) and extending from(a) Dedicated Electrical Space. The space equal to the
the floor to 6 ft above the equipment or to the structuralwidth and depth of the equipment and extending from the
ceiling (whichever is lower). The dedicated electrical spacefloor to a height of 1.8 m (6 ft) above the equipment or to
is reserved for the installation of electrical equipment and forthe structural ceiling, whichever is lower, shall be dedicated
the installation of conduits, cable trays, and so on, entering orto the electrical installation. No piping, ducts, leak protection
exiting that equipment. The outlined area in front of theapparatus, or other equipment foreign to the electrical instal-
electrical equipment in Exhibit 110.19 is the working spacelation shall be located in this zone.
required by 110.26(A). Note that sprinkler protection is af-

Exception: Suspended ceilings with removable panels shall forded the entire dedicated electrical space and working
be permitted within the 1.8-m (6-ft) zone.
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110.27Article 110 — Requirements for Electrical Installations

Exhibit 110.20 illustrates the working space required in
front of the panelboard by 110.26(A). No equipment, electri-
cal or otherwise, is allowed in the working space.

Exhibit 110.21 illustrates the dedicated electrical space
above and below the panelboard required by 110.26(F)(1).
This space is for the cables, raceways, and so on, that run
to and from the panelboard.

(2) Outdoor Outdoor electrical equipment shall be in-
stalled in suitable enclosures and shall be protected from
accidental contact by unauthorized personnel, or by vehicu-
lar traffic, or by accidental spillage or leakage from piping
systems. The working clearance space shall include the zone
described in 110.26(A). No architectural appurtenance or
other equipment shall be located in this zone.

Extreme care should be taken where protection from unau-
thorized personnel or vehicular traffic is added to existing

Main

Exhaust duct

Sprinkler allowed

Working
space

Dedicated
electrical

space

Main

On
OffMain

On
Off

Main
On
OffMain

On
Off

On
OffMain

On
Off

6 ft

6 ft 6¹⁄₂ ft

installations in order to comply with 110.26(F)(2). Any exca-
vation or driving of steel into the ground for the placementExhibit 110.19 The two distinct indoor installation spaces re-
of fencing, vehicle stops, or bollards should be done onlyquired by 110.26(A) and 110.26(F): the working space and the

dedicated electrical space. after a thorough investigation of the belowgrade wiring.

space without actually entering either space. Also note that 110.27 Guarding of Live Parts
the exhaust duct is not located in or directly above the

(A) Live Parts Guarded Against Accidental Contact Ex-dedicated electrical space. Although not specifically required
cept as elsewhere required or permitted by this Code, liveto be located here, this duct location may be a cost-effective
parts of electrical equipment operating at 50 volts or moresolution that avoids the substantial physical protection re-
shall be guarded against accidental contact by approvedquirements of 110.26(F)(1)(b).
enclosures or by any of the following means:

Exhibit 110.20 The working
space in front of a panelboard
required by 110.26(A). This il-
lustration supplements the
dedicated electrical space
shown in Exhibit 110.19.

Working
space Working

space

Front ViewSide View

6¹⁄₂ ft
min.

Structural
ceiling

Permitted Permitted

Luminaire
permitted

Not required
to be centered
in working
space

30 in. min.
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110.30 Article 110 — Requirements for Electrical Installations

Exhibit 110.21 The dedicated
electrical space above and
below a panelboard required
by 110.26(F)(1).

Front ViewSide View

Structural
ceiling

Permitted

Permitted

Suspended
ceiling

Luminaire
permitted

Dedicated
electrical

space
6¹⁄₂ ft
min.

6 ft
or less

(C) Warning Signs Entrances to rooms and other guarded(1) By location in a room, vault, or similar enclosure that
is accessible only to qualified persons. locations that contain exposed live parts shall be marked with

conspicuous warning signs forbidding unqualified persons to(2) By suitable permanent, substantial partitions or screens
arranged so that only qualified persons have access to enter.
the space within reach of the live parts. Any openings

FPN: For motors, see 430.232 and 430.233. For over
in such partitions or screens shall be sized and located 600 volts, see 110.34.
so that persons are not likely to come into accidental
contact with the live parts or to bring conducting objects

Live parts of electrical equipment should be covered,into contact with them.
shielded, enclosed, or otherwise protected by covers, barri-(3) By location on a suitable balcony, gallery, or platform
ers, mats, or platforms to prevent the likelihood of contactelevated and arranged so as to exclude unqualified per-
by persons or objects. See the definitions of dead front andsons.
isolated (as applied to location) in Article 100.(4) By elevation of 2.5 m (8 ft) or more above the floor or

other working surface.

III. Over 600 Volts, Nominal
Contact conductors used for traveling cranes are permitted

110.30 Generalto be bare by 610.13(B) and 610.21(A). Although contact
Conductors and equipment used on circuits over 600 volts,conductors obviously have to be bare for contact shoes on
nominal, shall comply with Part I of this article and withthe moving member to make contact with the conductor, it
the following sections, which supplement or modify Part I.is possible to place guards near the conductor to prevent its
In no case shall the provisions of this part apply to equipmentaccidental contact with persons and still have slots or spaces
on the supply side of the service point.through which the moving contacts can operate. The Code

also recognizes the guarding of live parts by elevation.
See ‘‘Over 600 volts’’ in the index to this Handbook for

articles, parts, and sections that include requirements for
(B) Prevent Physical Damage In locations where electric installations over 600 volts.
equipment is likely to be exposed to physical damage, enclo- Equipment on the supply side of the service point is
sures or guards shall be so arranged and of such strength as outside the scope of the NEC. Such equipment is covered
to prevent such damage.
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110.32Article 110 — Requirements for Electrical Installations

by ANSI C2, National Electrical Safety Code, published by sons shall be made with metal-enclosed equipment. Metal-
enclosed switchgear, unit substations, transformers, pullthe Institute of Electrical and Electronics Engineers (IEEE).
boxes, connection boxes, and other similar associated equip-
ment shall be marked with appropriate caution signs. Open-

110.31 Enclosure for Electrical Installations ings in ventilated dry-type transformers or similar openings
Electrical installations in a vault, room, or closet or in an in other equipment shall be designed so that foreign objects
area surrounded by a wall, screen, or fence, access to which inserted through these openings are deflected from energized
is controlled by a lock(s) or other approved means, shall be parts.
considered to be accessible to qualified persons only. The

(2) In Places Accessible to Qualified Persons Only In-type of enclosure used in a given case shall be designed
door electrical installations considered accessible only toand constructed according to the nature and degree of the
qualified persons in accordance with this section shall com-hazard(s) associated with the installation.
ply with 110.34, 110.36, and 490.24.For installations other than equipment as described in

110.31(D), a wall, screen, or fence shall be used to enclose
(C) Outdoor Installations

an outdoor electrical installation to deter access by persons
(1) In Places Accessible to Unqualified Persons Outdoorwho are not qualified. A fence shall not be less than 2.1 m
electrical installations that are open to unqualified persons(7 ft) in height or a combination of 1.8 m (6 ft) or more of
shall comply with Parts I, II, and III of Article 225.fence fabric and a 300-mm (1-ft) or more extension utilizing

three or more strands of barbed wire or equivalent. The
FPN: For clearances of conductors for system voltages

distance from the fence to live parts shall be not less than over 600 volts, nominal, see ANSI C2-2002, National
given in Table 110.31. Electrical Safety Code.

Table 110.31 Minimum Distance from Fence to Live Parts (2) In Places Accessible to Qualified Persons Only Out-
door electrical installations that have exposed live parts shall

Minimum be accessible to qualified persons only in accordance withDistance to
the first paragraph of this section and shall comply withLive Parts
110.34, 110.36, and 490.24.

Nominal Voltage m ft
(D) Enclosed Equipment Accessible to Unqualified Per-

601 – 13,799 3.05 10 sons Ventilating or similar openings in equipment shall be
13,800 – 230,000 4.57 15 designed such that foreign objects inserted through these
Over 230,000 5.49 18

openings are deflected from energized parts. Where exposed
to physical damage from vehicular traffic, suitable guardsNote: For clearances of conductors for specific system voltages and

typical BIL ratings, see ANSI C2-2002, National Electrical Safety shall be provided. Nonmetallic or metal-enclosed equipment
Code. located outdoors and accessible to the general public shall

be designed such that exposed nuts or bolts cannot be readily
FPN: See Article 450 for construction requirements for removed, permitting access to live parts. Where nonmetallic
transformer vaults. or metal-enclosed equipment is accessible to the general

public and the bottom of the enclosure is less than 2.5 m(A) Fire Resistivity of Electrical Vaults The walls, roof,
(8 ft) above the floor or grade level, the enclosure door orfloors, and doorways of vaults containing conductors and
hinged cover shall be kept locked. Doors and covers ofequipment over 600 volts, nominal, shall be constructed
enclosures used solely as pull boxes, splice boxes, or junctionof materials that have adequate structural strength for the
boxes shall be locked, bolted, or screwed on. Undergroundconditions, with a minimum fire rating of 3 hours. The floors
box covers that weigh over 45.4 kg (100 lb) shall be consid-of vaults in contact with the earth shall be of concrete that
ered as meeting this requirement.is not less than 4 in. (102 mm) thick, but where the vault

is constructed with a vacant space or other stories below it,
110.32 Work Space About Equipmentthe floor shall have adequate structural strength for the load
Sufficient space shall be provided and maintained aboutimposed on it and a minimum fire resistance of 3 hours.
electric equipment to permit ready and safe operation andFor the purpose of this section, studs and wallboards shall
maintenance of such equipment. Where energized parts arenot be considered acceptable.
exposed, the minimum clear work space shall not be less

(B) Indoor Installations than 2.0 m (61⁄2 ft) high (measured vertically from the floor
or platform) or less than 900 mm (3 ft) wide (measured(1) In Places Accessible to Unqualified Persons Indoor

electrical installations that are accessible to unqualified per- parallel to the equipment). The depth shall be as required
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110.33 Article 110 — Requirements for Electrical Installations

Table 110.34(A) Minimum Depth of Clear Working Space atin 110.34(A). In all cases, the work space shall permit at
Electrical Equipmentleast a 90 degree opening of doors or hinged panels.

Minimum Clear Distance
110.33 Entrance and Access to Work Space Nominal Voltage

to Ground Condition 1 Condition 2 Condition 3(A) Entrance At least one entrance not less than 610 mm
(24 in.) wide and 2.0 m (61⁄2 ft) high shall be provided to

601–2500 V 900 mm (3 ft) 1.2 m (4 ft) 1.5 m (5 ft)
give access to the working space about electric equipment. 2501–9000 V 1.2 m (4 ft) 1.5 m (5 ft) 1.8 m (6 ft)
Where the entrance has a personnel door(s), the door(s) shall 9001–25,000 V 1.5 m (5 ft) 1.8 m (6 ft) 2.8 m (9 ft)

25,001V–75 kV 1.8 m (6 ft) 2.5 m (8 ft) 3.0 m (10 ft)open in the direction of egress and be equipped with panic
Above 75 kV 2.5 m (8 ft) 3.0 m (10 ft) 3.7 m (12 ft)bars, pressure plates, or other devices that are normally

latched but open under simple pressure. Note: Where the conditions are as follows:
Condition 1 — Exposed live parts on one side of the working space

(1) Large Equipment On switchboard and control panels and no live or grounded parts on the other side of the working space,
or exposed live parts on both sides of the working space that areexceeding 1.8 m (6 ft) in width, there shall be one entrance
effectively guarded by insulating materials.at each end of the equipment. A single entrance to the
Condition 2 — Exposed live parts on one side of the working space

required working space shall be permitted where either of and grounded parts on the other side of the working space. Concrete,
the conditions in 110.33(A)(1)(a) or (A)(1)(b) is met. brick, or tile walls shall be considered as grounded.

Condition 3— Exposed live parts on both sides of the working space.(a) Unobstructed Exit. Where the location permits a
continuous and unobstructed way of exit travel, a single
entrance to the working space shall be permitted. assemblies where there are no renewable or adjustable parts

(b) Extra Working Space. Where the depth of the work- (such as fuses or switches) on the back and where all connec-
ing space is twice that required by 110.34(A), a single en- tions are accessible from locations other than the back.
trance shall be permitted. It shall be located so that the Where rear access is required to work on de-energized parts
distance from the equipment to the nearest edge of the en- on the back of enclosed equipment, a minimum working
trance is not less than the minimum clear distance specified space of 750 mm (30 in.) horizontally shall be provided.
in Table110.34(A) for equipment operating at that voltage

(B) Separation from Low-Voltage Equipment Whereand in that condition.
switches, cutouts, or other equipment operating at 600 volts,
nominal, or less are installed in a vault, room, or enclosure(2) Guarding Where bare energized parts at any voltage
where there are exposed live parts or exposed wiring op-or insulated energized parts above 600 volts, nominal, to
erating at over 600 volts, nominal, the high-voltage equip-ground are located adjacent to such entrance, they shall be
ment shall be effectively separated from the space occupiedsuitably guarded.
by the low-voltage equipment by a suitable partition, fence,
or screen.Section 110.33(A) contains requirements very similar to
Exception: Switches or other equipment operating at 600those of 110.26(C). For further information, see the commen-
volts, nominal, or less and serving only equipment withintary following 110.26(C)(2), most of which also is valid for
the high-voltage vault, room, or enclosure shall be permittedover-600-volt installations.
to be installed in the high-voltage vault, room or enclosure
without a partition, fence, or screen if accessible to qualified

(B) Access Permanent ladders or stairways shall be pro- persons only.
vided to give safe access to the working space around electric

(C) Locked Rooms or Enclosures The entrance to allequipment installed on platforms, balconies, or mezzanine
buildings, vaults, rooms, or enclosures containing exposedfloors or in attic or roof rooms or spaces.
live parts or exposed conductors operating at over 600 volts,
nominal, shall be kept locked unless such entrances are under110.34 Work Space and Guarding
the observation of a qualified person at all times.

(A) Working Space Except as elsewhere required or per- Where the voltage exceeds 600 volts, nominal, perma-
mitted in this Code, the minimum clear working space in nent and conspicuous warning signs shall be provided, read-
the direction of access to live parts of electrical equipment ing as follows:
shall not be less than specified in Table 110.34(A). Distances

DANGER — HIGH VOLTAGE — KEEP OUTshall be measured from the live parts, if such are exposed,
or from the enclosure front or opening if such are enclosed.

Equipment used on circuits over 600 volts, nominal, and
Exception: Working space shall not be required in back containing exposed live parts or exposed conductors is re-
of equipment such as dead-front switchboards or control
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110.54Article 110 — Requirements for Electrical Installations

quired to be located in a locked room or in an enclosure. when two or more conductors of a circuit were subjected to
short-circuit current.The provisions for locking are not required if the room or

enclosure is under observation at all times, as is the case Exposed runs of insulated wires and cables that have a
bare lead sheath or a braided outer covering shall be sup-with some engine rooms.
ported in a manner designed to prevent physical damage to
the braid or sheath. Supports for lead-covered cables shall

(D) Illumination Illumination shall be provided for all be designed to prevent electrolysis of the sheath.
working spaces about electrical equipment. The lighting out-
lets shall be arranged so that persons changing lamps or 110.40 Temperature Limitations
making repairs on the lighting system are not endangered at Terminations
by live parts or other equipment. Conductors shall be permitted to be terminated based on the

The points of control shall be located so that persons 90�C (194�F) temperature rating and ampacity as given in
are not likely to come in contact with any live part or moving Tables 310.67 through 310.86, unless otherwise identified.
part of the equipment while turning on the lights.

IV. Tunnel Installations over(E) Elevation of Unguarded Live Parts Unguarded live
600 Volts, Nominalparts above working space shall be maintained at elevations

not less than required by Table 110.34(E). 110.51 General
(A) Covered The provisions of this part shall apply to theTable 110.34(E) Elevation of Unguarded Live Parts Above
installation and use of high-voltage power distribution andWorking Space
utilization equipment that is portable, mobile, or both, such

Elevation as substations, trailers, cars, mobile shovels, draglines,
Nominal Voltage hoists, drills, dredges, compressors, pumps, conveyors, un-
Between Phases m ft

derground excavators, and the like.

601–7500 V 2.8 9
(B) Other Articles The requirements of this part shall be7501–35,000 V 2.9 91⁄2
additional to, or amendatory of, those prescribed in ArticlesOver 35 kV 2.9 m � 9.5 mm/kV 91⁄2 ft � 0.37 in./kV

above 35 above 35 100 through 490 of this Code. Special attention shall be
paid to Article 250.

(C) Protection Against Physical Damage Conductors and
(F) Protection of Service Equipment, Metal-Enclosed cables in tunnels shall be located above the tunnel floor and
Power Switchgear, and Industrial Control Assemblies so placed or guarded to protect them from physical damage.
Pipes or ducts foreign to the electrical installation and requir-
ing periodic maintenance or whose malfunction would en- 110.52 Overcurrent Protection
danger the operation of the electrical system shall not be

Motor-operated equipment shall be protected from overcur-located in the vicinity of the service equipment, metal-en-
rent in accordance with Parts III, IV, and V of Article 430.closed power switchgear, or industrial control assemblies.
Transformers shall be protected from overcurrent in accor-Protection shall be provided where necessary to avoid dam-
dance with 450.3.age from condensation leaks and breaks in such foreign

systems. Piping and other facilities shall not be considered
110.53 Conductorsforeign if provided for fire protection of the electrical instal-

lation. High-voltage conductors in tunnels shall be installed in metal
conduit or other metal raceway, Type MC cable, or other
approved multiconductor cable. Multiconductor portable110.36 Circuit Conductors
cable shall be permitted to supply mobile equipment.Circuit conductors shall be permitted to be installed in race-

ways; in cable trays; as metal-clad cable, as bare wire, cable,
110.54 Bonding and Equipmentand busbars; or as Type MV cables or conductors as provided
Grounding Conductorsin 300.37, 300.39, 300.40, and 300.50. Bare live conductors

shall conform with 490.24. (A) Grounded and Bonded All non–current-carrying
metal parts of electric equipment and all metal racewaysInsulators, together with their mounting and conductor

attachments, where used as supports for wires, single-con- and cable sheaths shall be effectively grounded and bonded
to all metal pipes and rails at the portal and at intervals notductor cables, or busbars, shall be capable of safely with-

standing the maximum magnetic forces that would prevail exceeding 300 m (1000 ft) throughout the tunnel.
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110.55 Article 110 — Requirements for Electrical Installations

same working space issues elsewhere in Article 110. For(B) Equipment Grounding Conductors An equipment
grounding conductor shall be run with circuit conductors handhole installations, see Article 314.
inside the metal raceway or inside the multiconductor cable
jacket. The equipment grounding conductor shall be permit- 110.70 General
ted to be insulated or bare.

Electric enclosures intended for personnel entry and specifi-
cally fabricated for this purpose shall be of sufficient size

110.55 Transformers, Switches, and to provide safe work space about electric equipment with
Electrical Equipment live parts that is likely to require examination, adjustment,
All transformers, switches, motor controllers, motors, rectifi- servicing, or maintenance while energized. Such enclosures
ers, and other equipment installed below ground shall be shall have sufficient size to permit ready installation or with-
protected from physical damage by location or guarding. drawal of the conductors employed without damage to the

conductors or to their insulation. They shall comply with
the provisions of this part.110.56 Energized Parts
Exception: Where electric enclosures covered by Part V ofBare terminals of transformers, switches, motor controllers,
this article are part of an industrial wiring system operatingand other equipment shall be enclosed to prevent accidental
under conditions of maintenance and supervision that ensurecontact with energized parts.
that only qualified persons monitor and supervise the system,
they shall be permitted to be designed and installed in accor-110.57 Ventilation System Controls
dance with appropriate engineering practice. If required by

Electrical controls for the ventilation system shall be ar- the authority having jurisdiction, design documentation shall
ranged so that the airflow can be reversed. be provided.

110.58 Disconnecting Means The provisions of Part V are conditional, just like the require-
ments in 110.26, that is, some of the requirements are appli-A switch or circuit breaker that simultaneously opens all
cable only where the equipment ‘‘is likely to requireungrounded conductors of the circuit shall be installed within
examination, adjustment, servicing, or maintenance whilesight of each transformer or motor location for disconnecting
energized.’’the transformer or motor. The switch or circuit breaker for

a transformer shall have an ampere rating not less than the
ampacity of the transformer supply conductors. The switch 110.71 Strength
or circuit breaker for a motor shall comply with the applica-

Manholes, vaults, and their means of access shall be designedble requirements of Article 430.
under qualified engineering supervision and shall withstand
all loads likely to be imposed on the structures.

110.59 Enclosures
FPN: See ANSI C2-2002, National Electrical Safety

Enclosures for use in tunnels shall be dripproof, weather- Code, for additional information on the loading that can
proof, or submersible as required by the environmental con- be expected to bear on underground enclosures.
ditions. Switch or contactor enclosures shall not be used as

110.72 Cabling Work Spacejunction boxes or as raceways for conductors feeding
through or tapping off to other switches, unless the enclo- A clear work space not less than 900 mm (3 ft) wide shall
sures comply with 312.8. be provided where cables are located on both sides, and not

less than 750 mm (21⁄2 ft) where cables are only on one side.
The vertical headroom shall not be less than 1.8 m (6 ft)V. Manholes and Other Electric
unless the opening is within 300 mm (1 ft), measured hori-Enclosures Intended for Personnel
zontally, of the adjacent interior side wall of the enclosure.Entry, All Voltages
Exception: A manhole containing only one or more of the
following shall be permitted to have one of the horizontal

Prior to the 2005 Code, the requirements for manholes were work space dimensions reduced to 600 mm (2 ft) where the
found in Part IV of Article 314. For the 2005 edition, other horizontal clear work space is increased so the sum
manhole requirements were moved to Article 110 and placed of the two dimensions is not less than 1.8 m (6 ft):
there as the new Part V. Placing the manhole requirements

(1) Optical fiber cables as covered in Article 770in Article 110 makes sense because manhole working space
(2) Power-limited fire alarm circuits supplied in accor-issues for cabling and other equipment here parallel those

dance with 760.41(A)
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110.79Article 110 — Requirements for Electrical Installations

(B) Obstructions Manhole openings shall be free of pro-(3) Class 2 or Class 3 remote-control and signaling circuits,
or both, supplied in accordance with 725.41 trusions that could injure personnel or prevent ready egress.

(C) Location Manhole openings for personnel shall be lo-
110.73 Equipment Work Space cated where they are not directly above electric equipment
Where electric equipment with live parts that is likely to or conductors in the enclosure. Where this is not practicable,
require examination, adjustment, servicing, or maintenance either a protective barrier or a fixed ladder shall be provided.
while energized is installed in a manhole, vault, or other

(D) Covers Covers shall be over 45 kg (100 lb) or other-enclosure designed for personnel access, the work space and
wise designed to require the use of tools to open. They shallassociated requirements in 110.26 shall be met for installa-
be designed or restrained so they cannot fall into the manholetions operating at 600 volts or less. Where the installation
or protrude sufficiently to contact electrical conductors oris over 600 volts, the work space and associated requirements
equipment within the manhole.in 110.34 shall be met. A manhole access cover that weighs

over 45 kg (100 lb) shall be considered as meeting the (E) Marking Manhole covers shall have an identifying
requirements of 110.34(C). mark or logo that prominently indicates their function, such

as ‘‘electric.’’
110.74 Bending Space for Conductors

110.76 Access to Vaults and TunnelsBending space for conductors operating at 600 volts or below
shall be provided in accordance with the requirements of (A) Location Access openings for personnel shall be lo-
314.28. Conductors operating over 600 volts shall be pro- cated where they are not directly above electric equipment
vided with bending space in accordance with 314.71(A) and or conductors in the enclosure. Other openings shall be
314.71(B), as applicable. All conductors shall be cabled, permitted over equipment to facilitate installation, mainte-
racked up, or arranged in an approved manner that provides nance, or replacement of equipment.
ready and safe access for persons to enter for installation

(B) Locks In addition to compliance with the requirementsand maintenance.
of 110.34(C), if applicable, access openings for personnel

Exception: Where 314.71(B) applies, each row or column shall be arranged such that a person on the inside can exit
of ducts on one wall of the enclosure shall be calculated when the access door is locked from the outside, or in the
individually, and the single row or column that provides the case of normally locking by padlock, the locking arrange-
maximum distance shall be used. ment shall be such that the padlock can be closed on the

locking system to prevent locking from the outside.
110.75 Access to Manholes

110.77 Ventilation(A) Dimensions Rectangular access openings shall not be
Where manholes, tunnels, and vaults have communicatingless than 650 mm � 550 mm (26 in. � 22 in.). Round
openings into enclosed areas used by the public, ventilationaccess openings in a manhole shall not be less than 650 mm
to open air shall be provided wherever practicable.(26 in.) in diameter.

Exception: A manhole that has a fixed ladder that does not 110.78 Guarding
obstruct the opening or that contains only one or more of Where conductors or equipment, or both, could be contacted
the following shall be permitted to reduce the minimum cover by objects falling or being pushed through a ventilating
diameter to 600 mm (2 ft): grating, both conductors and live parts shall be protected in

accordance with the requirements of 110.27(A)(2) or(1) Optical fiber cables as covered in Article 770
110.31(B)(1), depending on the voltage.(2) Power-limited fire alarm circuits supplied in accor-

dance with 760.41
110.79 Fixed Ladders(3) Class 2 or Class 3 remote-control and signaling circuits,

or both, supplied in accordance with 725.41 Fixed ladders shall be corrosion resistant.
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200.1 Article 200 — Use and Identification of Grounded Conductors

The requirements of Article 200 cover the grounded conduc-ARTICLE 200
tor’s use in premises wiring systems and the acceptableUse and Identification of
methods for identifying grounded conductors and the termi-

Grounded Conductors nals to which they are connected. Identification of grounded
conductors is a long-standing, fundamental safety concept
that helps ensure proper connection of the conductor

Summary of Changes
throughout an electrical system. Proper connection and

• 200.6(D): Revised to reorganize requirements on identifi- maintaining correct polarity are essential to ensuring safe
cation of a grounded conductor where there is more than interface with wiring devices, appliances, and portable and
one nominal voltage system and to require that the means permanently installed luminaires.
of identification be permanently posted at each branch- The grounded circuit conductor is referred to throughout
circuit panelboard. the Code as the grounded conductor. In accordance with the

Article 100 definition of grounded conductor, it is a conduc-• 200.7(C)(1): Revised to require that the identification
tor that is intentionally connected to earth or some conduct-method used to reidentify a white or gray conductor in a
ing body that serves as earth. A common example of beingcable assembly as an ungrounded conductor must encircle
connected to a conducting body that serves as earth is onethe insulation and be a color other than white, gray, or
in which the grounded conductor of a transformer-supplied,green.
separately derived system is connected to effectively
grounded building steel. The building steel is not earth but
serves in its place for the purposes of grounding the sepa-
rately derived system.Contents

The grounded conductor is often, but not always, the200.1 Scope
neutral conductor. For example, in a single-phase 2-wire or200.2 General
in a 3-phase corner-grounded delta system, the intentionally200.3 Connection to Grounded System
grounded conductor is not a neutral conductor. Through200.6 Means of Identifying Grounded Conductors
its very nature of being connected to the same grounding(A) Sizes 6 AWG or Smaller
electrode system as the non–current-carrying metal parts of(B) Sizes Larger Than 6 AWG
electrical equipment, there is generally no potential differ-(C) Flexible Cords
ence between the grounded conductor and those grounded(D) Grounded Conductors of Different Systems
metal parts. However, unlike an equipment grounding con-(E) Grounded Conductors of Multiconductor Cables
ductor, the grounded conductor is a circuit conductor and200.7 Use of Insulation of a White or Gray Color or with
as such is a current-carrying conductor.Three Continuous White Stripes

Electric shock injuries and electrocutions have occurred(A) General
as a result of working on the grounded conductor while(B) Circuits of Less Than 50 Volts
the circuit is energized. Extreme caution must be exercised(C) Circuits of 50 Volts or More
where the grounded (neutral) conductor is part of a multiwire200.9 Means of Identification of Terminals
branch circuit, and it should be noted that 300.13 does not200.10 Identification of Terminals
permit the wiring terminals of a device, such as a receptacle,(A) Device Terminals
to be the means of maintaining the continuity of the grounded(B) Receptacles, Plugs, and Connectors
conductor in that type of branch circuit.(C) Screw Shells

In addition to the requirements in this article, use and(D) Screw Shell Devices with Leads
installation of the grounded conductor are covered exten-(E) Appliances
sively by the requirements in Article 250.200.11 Polarity of Connections

200.2 General
200.1 Scope All premises wiring systems, other than circuits and systems
This article provides requirements for the following: exempted or prohibited by 210.10, 215.7, 250.21, 250.22,

250.162, 503.155, 517.63, 668.11, 668.21, and 690.41 Ex-
(1) Identification of terminals

ception, shall have a grounded conductor that is identified
(2) Grounded conductors in premises wiring systems

in accordance with 200.6.
(3) Identification of grounded conductors

The grounded conductor, where insulated, shall have
insulation that is (1) suitable, other than color, for any un-FPN: See Article 100 for definitions of Grounded Con-

ductor and Grounding Conductor. grounded conductor of the same circuit on circuits of less
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200.6Article 200 — Use and Identification of Grounded Conductors

or separators. The required identification of the groundedthan 1000 volts or impedance grounded neutral systems of
1 kV and over, or (2) rated not less than 600 volts for solidly conductor is performed either by the wire or cable manufac-

turer or by the installer at the time of installation.grounded neutral systems of 1 kV and over as described in
250.184(A). The general rule of 200.6(A) requires insulated conduc-

tors 6 AWG or smaller to be white or gray for their entire
length where they are used as grounded conductors. Begin-200.3 Connection to Grounded System
ning with the 1999 edition, the Code also permits three

Premises wiring shall not be electrically connected to a continuous white stripes along the entire length of conductor
supply system unless the latter contains, for any grounded insulation that is colored other than green as a means to
conductor of the interior system, a corresponding conductor identify a conductor as the grounded conductor. The three
that is grounded. For the purpose of this section, electrically white stripes method of identification is permitted for all
connected shall mean connected so as to be capable of car- conductor sizes and is the method that most typically would
rying current, as distinguished from connection through elec- be employed by a wire or cable manufacturer.
tromagnetic induction. Other methods of identification are also permitted in

200.6(A). For example, the grounded conductor of mineral-
Grounded conductors of premises wiring (other than sepa- insulated (MI) cable, due to its unique construction, is per-
rately derived systems) must be connected to the supply mitted to be identified at the time of installation. Aerial
system grounded conductor to ensure a common, continuous, cable may have its grounded conductor identified by a ridge
grounded system. along its insulated surface, and fixture wires are permitted to

have the grounded conductor identified by various methods,
including colored insulation, stripes on the insulation, col-

200.6 Means of Identifying Grounded ored braid, colored separator, and tinned conductors. These
identification methods are found in 402.8 and explained inConductors
detail in 400.22(A) through 400.22(E).(A) Sizes 6 AWG or Smaller An insulated grounded con-

For 6 AWG or smaller, identification of the groundedductor of 6 AWG or smaller shall be identified by a continu-
conductor solely by distinctive white marking or gray at theous white or gray outer finish or by three continuous white
time of installation is not permitted except as described forstripes on other than green insulation along its entire length.
flexible cords and multiconductor cables in 200.6(C) andWires that have their outer covering finished to show a white
200.6(E) and for single conductors in outdoor photovoltaicor gray color but have colored tracer threads in the braid
power installations in accordance with 200.6(A)(2).identifying the source of manufacture shall be considered

as meeting the provisions of this section. Insulated grounded
conductors shall also be permitted to be identified as follows:

(B) Sizes Larger Than 6 AWG An insulated grounded
conductor larger than 6 AWG shall be identified by one of(1) The grounded conductor of a mineral-insulated, metal-

sheathed cable shall be identified at the time of installa- the following means:
tion by distinctive marking at its terminations.

(2) A single-conductor, sunlight-resistant, outdoor-rated The general rule of 200.6(B) requires that insulated
cable used as a grounded conductor in photovoltaic grounded conductors larger than 6 AWG be identified
power systems as permitted by 690.31 shall be identified using one of three acceptable methods. As is allowed by
at the time of installation by distinctive white marking 200.6(A) for 6 AWG and smaller insulated conductors,
at all terminations. 200.6(B) permits the use of a continuous white or gray

(3) Fixture wire shall comply with the requirements for color along the entire length of the conductor insulation
grounded conductor identification as specified in 402.8. or the use of three continuous white stripes on the entire

(4) For aerial cable, the identification shall be as above, or length of the insulated (other than green-colored insulation)
by means of a ridge located on the exterior of the cable conductor. The most common identification method used
so as to identify it. by installers to identify a single conductor as a grounded

conductor is application of a white or gray marking to the
insulation at all termination points at the time of installation.The use of white insulation or white marking is the most

common method of identifying the grounded conductor. To be clearly visible, this field-applied white or gray marking
must completely encircle the conductor insulation. This col-However, Article 200 provides a number of alternative iden-

tification means, including the use of gray insulation or oring can be applied by using marking tape or by painting
the insulation. This method of identification is shown inmarkings, the use of three continuous white stripes along the

conductor insulation, surface markings, and colored braids Exhibit 200.1.
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200.6 Article 200 — Use and Identification of Grounded Conductors

The requirements found in 200.6(D) have remained essen-
tially the same since the 1987 edition of the NEC. However,
these requirements are often misapplied. As Exhibit 200.2
shows, where grounded conductors of different systems are
present in the same enclosure, these grounded conductors
must be distinguished from each other, which can be accom-
plished through the use of different colors or marking
schemes. The use of colored stripes (other than green) on
white insulation for the entire conductor insulation length
is an acceptable method to distinguish one system grounded
conductor from one with white insulation or white marking.
It is important to note that this requirement applies only
where grounded conductors of different systems are installed
in a common enclosure, such as a junction or pull box or a
wireway.

First introduced in the 2002 Code, it is now permitted

Grounded conductor 
(generally white tape 
or paint)

to identify one system grounded conductor with white insula-
tion or field-installed white marking and the other systemExhibit 200.1 Field-applied identification, as permitted by
grounded conductor with gray insulation or field-installed200.6(B), of a 4 AWG conductor to identify it as the grounded

conductor. gray marking. Gray and white are considered to be different
means of identification.

The 2005 Code requires the identification method or
scheme used to distinguish the grounded conductors of dif-(1) By a continuous white or gray outer finish.
ferent systems to be posted at all panelboards that supply(2) By three continuous white stripes along its entire length
branch circuits. In addition, industry practice of using whiteon other than green insulation.
for lower voltage systems and gray for higher voltage sys-(3) At the time of installation, by a distinctive white or gray
tems is permitted but not mandated by the Code.marking at its terminations. This marking shall encircle

the conductor or insulation.

(C) Flexible Cords An insulated conductor that is intended
for use as a grounded conductor, where contained within a
flexible cord, shall be identified by a white or gray outer
finish or by methods permitted by 400.22.

(D) Grounded Conductors of Different Systems Where
grounded conductors of different systems are installed in
the same raceway, cable, box, auxiliary gutter, or other type
of enclosure, each grounded conductor shall be identified
by system. Identification that distinguishes each system
grounded conductor shall be permitted by one of the follow-
ing means:

(1) One system grounded conductor shall have an outer
covering conforming to 200.6(A) or 200.6(B).

(2) The grounded conductor(s) of other systems shall have
a different outer covering conforming to 200.6(A) or

480Y/277 V

208Y/120 V

Gray

White

Branch-circuit 
phase conductors

Branch-circuit 
phase conductors

200.6(B) or by an outer covering of white or gray with
a readily distinguishable colored stripe other than green

Exhibit 200.2 Grounded conductors of different systems in therunning along the insulation.
same enclosure. The grounded conductors of the different

(3) Other and different means of identification as allowed systems are identified by color through the use of white and gray
by 200.6(A) or 200.6(B) that will distinguish each sys- colored insulation, one of the methods specified by 200.6(D).
tem grounded conductor.

(E) Grounded Conductors of Multiconductor CablesThis means of identification shall be permanently posted at
each branch-circuit panelboard. The insulated grounded conductors in a multiconductor cable
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200.7Article 200 — Use and Identification of Grounded Conductors

shall be identified by a continuous white or gray outer finish The term natural gray was changed to gray in the 2002
or by three continuous white stripes on other than green Code because the phrase ‘‘natural gray outer finish’’ was
insulation along its entire length. Multiconductor flat cable deemed obsolete. This change reserves all shades of gray
4 AWG or larger shall be permitted to employ an external insulation and marking for grounded conductors. The FPN
ridge on the grounded conductor. following 200.6 warns the user to exercise caution when

working on existing systems because gray may have beenException No. 1: Where the conditions of maintenance and
used on those existing systems.supervision ensure that only qualified persons service the

installation, grounded conductors in multiconductor cables
shall be permitted to be permanently identified at their termi- 200.7 Use of Insulation of a White or Gray Color
nations at the time of installation by a distinctive white

or with Three Continuous White Stripesmarking or other equally effective means.
(A) General The following shall be used only for the
grounded circuit conductor, unless otherwise permitted inException No. 1 to 200.6(E) introduces the concept of identi-
200.7(B) and 200.7(C):fying grounded conductors of multiconductor cables at ter-

mination locations. This exception allows identification of (1) A conductor with continuous white or gray covering
a conductor that is part of a multiconductor cable as the (2) A conductor with three continuous white stripes on other
grounded conductor at the time of installation by use of a than green insulation
distinctive white marking or other equally effective means, (3) A marking of white or gray color at the termination
such as numbering, lettering, or tagging, as shown in Exhibit

(B) Circuits of Less Than 50 Volts A conductor with white200.3. Exception No. 1 to 200.6(E) is intended to apply to
or gray color insulation or three continuous white stripes orinstallations in facilities that have a regulated system of
having a marking of white or gray at the termination formaintenance and supervision that ensures that only qualified
circuits of less than 50 volts shall be required to be groundedpersons service the installation. Permission to reidentify a
only as required by 250.20(A).conductor within a cable assembly is not predicated on the

conductor size.
(C) Circuits of 50 Volts or More The use of insulation
that is white or gray or that has three continuous white
stripes for other than a grounded conductor for circuits of
50 volts or more shall be permitted only as in (1) through
(3).

(1) If part of a cable assembly and where the insulation
is permanently reidentified to indicate its use as an
ungrounded conductor, by painting or other effective
means at its termination, and at each location where the
conductor is visible and accessible. Identification shall
encircle the insulation and shall be a color other than
white, gray, or green.

(2) Where a cable assembly contains an insulated conductor

Multiconductor armored cable

Grounded conductor 
(generally white tape or paint)

for single-pole, 3-way or 4-way switch loops and the
conductor with white or gray insulation or a marking

Exhibit 200.3 Field-applied identification to the conductor of a of three continuous white stripes is used for the supply
multiconductor armored cable that will be used as the grounded to the switch but not as a return conductor from the
conductor as permitted by 200.6(E), Exception No. 1.

switch to the switched outlet. In these applications, the
conductor with white or gray insulation or with three
continuous white stripes shall be permanently reidenti-

Exception No. 2: The grounded conductor of a multicon- fied to indicate its use by painting or other effective
ductor varnished-cloth-insulated cable shall be permitted means at its terminations and at each location where
to be identified at its terminations at the time of installation the conductor is visible and accessible.
by a distinctive white marking or other equally effective
means.

Previous editions of the Code permitted switch loops using
a white insulated conductor to supply the switch but not asFPN: The color gray may have been used in the past as

an ungrounded conductor. Care should be taken when the return conductor to supply the lighting outlet. Prior to
working on existing systems.
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200.9 Article 200 — Use and Identification of Grounded Conductors

Exception: Terminal identification shall not be required forthe 1999NEC, re-identification of this particular ungrounded
conductor was not required. However, many electronic auto- devices that have a normal current rating of over 30 amperes,

other than polarized attachment plugs and polarized recep-mation devices requiring a grounded conductor are now
available for installation into switch outlets. Therefore, re- tacles for attachment plugs as required in 200.10(B).
identification of all ungrounded conductors that are white

(B) Receptacles, Plugs, and Connectors Receptacles, po-or otherwise identified by one of the methods permitted for
larized attachment plugs, and cord connectors for plugs andgrounded conductors is now required at every termination
polarized plugs shall have the terminal intended for connec-point to avoid confusion and improper wiring at the time a
tion to the grounded conductor identified as follows:switching device is installed or replaced. The required re-

identification must be effective, permanent, and suitable for (1) Identification shall be by a metal or metal coating that
the environment, to clearly identify the insulated conductor is substantially white in color or by the word white or
as an ungrounded conductor. the letter W located adjacent to the identified terminal.

(2) If the terminal is not visible, the conductor entrance
hole for the connection shall be colored white or marked
with the word white or the letter W.(3) Where a flexible cord, having one conductor identified

by a white or gray outer finish or three continuous white
stripes or by any other means permitted by 400.22, is Section 200.10(B) requires that terminals of receptacles,
used for connecting an appliance or equipment permit- plugs, and connectors intended for the connection of the
ted by 400.7. This shall apply to flexible cords connected grounded conductor be marked by one of several methods,
to outlets whether or not the outlet is supplied by a including the word white, the letter W, or a distinctive white
circuit that has a grounded conductor. color. The variety of these methods allows the plating of all

screws and terminals to meet other requirements of specific
applications, such as corrosion-resistant devices.The term natural gray was changed to gray in the 2002

Code because the phrase ‘‘natural gray outer finish’’ was
deemed obsolete. This change reserves all shades of gray

FPN: See 250.126 for identification of wiring device
insulation and marking for identification of grounded con- equipment grounding conductor terminals.
ductors. The FPN following 200.6 warns the user to exercise

(C) Screw Shells For devices with screw shells, the termi-caution when working on existing systems because gray
nal for the grounded conductor shall be the one connectedmay have been used on those existing systems.
to the screw shell.

(D) Screw Shell Devices with Leads For screw shell de-FPN: The color gray may have been used in the past as
vices with attached leads, the conductor attached to the screwan ungrounded conductor. Care should be taken when

working on existing systems. shell shall have a white or gray finish. The outer finish of
the other conductor shall be of a solid color that will not be

200.9 Means of Identification of Terminals confused with the white or gray finish used to identify the
grounded conductor.The identification of terminals to which a grounded conduc-

tor is to be connected shall be substantially white in color. FPN: The color gray may have been used in the past as
The identification of other terminals shall be of a readily an ungrounded conductor. Care should be taken when

working on existing systems.distinguishable different color.

Exception: Where the conditions of maintenance and super-
The term natural gray was changed to gray in the 2002vision ensure that only qualified persons service the installa-
Code because the phrase ‘‘natural gray outer finish’’ wastions, terminals for grounded conductors shall be permitted
deemed obsolete. This change reserves all shades of grayto be permanently identified at the time of installation by a
insulation and marking for identification of grounded con-distinctive white marking or other equally effective means.
ductors. The FPN following 200.6 warns the user to exercise
caution when working on existing systems because gray200.10 Identification of Terminals
may have been used on those existing systems.

(A) Device Terminals All devices, excluding panelboards,
provided with terminals for the attachment of conductors
and intended for connection to more than one side of the (E) Appliances Appliances that have a single-pole switch

or a single-pole overcurrent device in the line or any line-circuit shall have terminals properly marked for identifica-
tion, unless the electrical connection of the terminal intended connected screw shell lampholders, and that are to be con-

nected by (1) a permanent wiring method or (2) field-to be connected to the grounded conductor is clearly evident.
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200.11Article 210 — Branch Circuits

installed attachment plugs and cords with three or more
• 210.19(A)(3): Revised Exception No.1 to include thewires (including the equipment grounding conductor), shall

leads supplied with the appliance as branch circuit taphave means to identify the terminal for the grounded circuit
conductors.conductor (if any).

• 210.23(A)(1): Revised to limit the 80 percent load require-
200.11 Polarity of Connections ment to cord-and-plug-connected equipment that is not

fastened in place.No grounded conductor shall be attached to any terminal or
lead so as to reverse the designated polarity. • 210.52(C)(1), Exception: Added exception exempting

certain wall spaces directly behind a rangetop or sink from
receptacle outlet requirement, with a new Figure 210.52

ARTICLE 210 illustrating the exempted area.

Branch Circuits • 210.52(D): Added exception to allow bathroom basins to
have GFCI-protected receptacles on the side or face of the
basin cabinet not more than 12 in. below the countertop.Summary of Changes

• 210.52(E): Revised to require that the grade-level dwell-• 210.4(B): Revised the requirement on disconnecting all
ing units (with direct entrance/exit to grade) of multifamilyungrounded conductors of a multiwire branch circuit sup-
dwellings be provided with an easily accessible outdoorplying devices or equipment on the same strap or yoke
GFCI-protected receptacle.to apply to all occupancies.

• 210.60(A): Revised to require that guest suites with per-• 210.5(C): Added new requirement that each ungrounded
manent provisions for cooking comply with all applicablebranch-circuit conductor be identified by where there is
rules of 210.52.more than one nominal voltage system on the premises

• 210.63: Added exception exempting evaporative coolersand that the means of identification be posted at each
installed in one- and two-family dwellings from servicebranch-circuit panelboard or similar distribution equip-
receptacle requirement.ment.

• 210.70(B): Revised requirements for lighting outlets in• 210.6(D)(2): Revised to clarify that for the purposes of
guest rooms and guest suites to parallel the requirementsthis requirement, luminaires are not included as utilization
of 210.70(A)(1) for dwelling units.equipment.

• 210.7(B): Revised requirement to apply where devices or
equipment are installed on the same mounting yoke.

Contents
• 210.8(A)(7): Revised to add laundry and utility sinks to

I. General Provisionsthe GFCI requirement.
210.1 Scope

• 210.8(B)(2): Revised to describe what constitutes com- 210.2 Other Articles for Specific-Purpose Branch
mercial and institutional kitchens. Circuits

• 210.8(B)(4): Added new requirement for GFCI protection 210.3 Rating
of 125-volt, 15- and 20-ampere receptacles installed out- 210.4 Multiwire Branch Circuits

(A) Generaldoors in public spaces.
(B) Devices or Equipment• 210.8(C): Added new requirement for GFCI protection
(C) Line-to-Neutral Loadsof 125-volt, 15- and 20-ampere circuits supplying boat

210.5 Identification for Branch Circuitshoists.
(A) Grounded Conductor

• 210.12(B): Revised to require listed combination-type arc- (B) Equipment Grounding Conductor
fault circuit-interrupters to protect 120-volt, 15- and 20- (C) Ungrounded Conductors
ampere branch circuits that supply bedrooms in dwelling 210.6 Branch-Circuit Voltage Limitations
units. Branch/feeder AFCIs are permitted to meet this (A) Occupancy Limitation
requirement until January 1, 2008. An exception permits (B) 120 Volts Between Conductors
the AFCI to be at other than the origination of the branch (C) 277 Volts to Ground
circuit under specified conditions. (D) 600 Volts Between Conductors

• 210.18: Added new requirement that guest rooms and (E) Over 600 Volts Between Conductors
guest suites that are provided with permanent provisions 210.7 Branch Circuit Receptacle Requirements
for cooking have branch circuits and outlets installed to (A) Receptacle Outlet Location

(B) Multiple Branch Circuitsmeet the rules for dwelling units.
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210.1 Article 210 — Branch Circuits

210.8 Ground-Fault Circuit-Interrupter Protection for 210.62 Show Windows
Personnel 210.63 Heating, Air-Conditioning, and Refrigeration

(A) Dwelling Units Equipment Outlet
(B) Other Than Dwelling Units 210.70 Lighting Outlets Required
(C) Boat Hoists (A) Dwelling Units

210.9 Circuits Derived from Autotransformers (B) Guest Rooms or Guest Suites
210.10 Ungrounded Conductors Tapped from (C) Other Than Dwelling Units

Grounded Systems
210.11 Branch Circuits Required

I. General Provisions(A) Number of Branch Circuits
(B) Load Evenly Proportioned Among Branch 210.1 Scope

Circuits
This article covers branch circuits except for branch circuits

(C) Dwelling Units
that supply only motor loads, which are covered in Article

210.12 Arc-Fault Circuit-Interrupter Protection
430. Provisions of this article and Article 430 apply to branch

(A) Definition: Arc-Fault Circuit Interrupter
circuits with combination loads.

(B) Dwelling Unit Bedrooms
210.18 Guest Rooms and Guest Suites

According to 668.3(C)(1), electrolytic cell line conductors,II. Branch-Circuit Ratings
cells, cell line attachments, and the wiring of auxiliary equip-210.19 Conductors — Minimum Ampacity and Size
ment and devices within the cell line working zone are not(A) Branch Circuits Not More Than 600 Volts
required to comply with the provisions of Article 210.(B) Branch Circuits Over 600 Volts

210.20 Overcurrent Protection
(A) Continuous and Noncontinuous Loads 210.2 Other Articles for Specific-Purpose
(B) Conductor Protection

Branch Circuits(C) Equipment
Branch circuits shall comply with this article and also with(D) Outlet Devices
the applicable provisions of other articles of this Code. The210.21 Outlet Devices
provisions for branch circuits supplying equipment listed in(A) Lampholders
Table 210.2 amend or supplement the provisions in this(B) Receptacles
article and shall apply to branch circuits referred to therein.210.23 Permissible Loads

(A) 15- and 20-Ampere Branch Circuits
210.3 Rating(B) 30-Ampere Branch Circuits

(C) 40- and 50-Ampere Branch Circuits Branch circuits recognized by this article shall be rated in
(D) Branch Circuits Larger Than 50 Amperes accordance with the maximum permitted ampere rating or

210.24 Branch-Circuit Requirements — Summary setting of the overcurrent device. The rating for other than
210.25 Common Area Branch Circuits individual branch circuits shall be 15, 20, 30, 40, and 50

III. Required Outlets amperes. Where conductors of higher ampacity are used for
210.50 General any reason, the ampere rating or setting of the specified

(A) Cord Pendants overcurrent device shall determine the circuit rating.
(B) Cord Connections
(C) Appliance Outlets Where the length of the branch circuit conductors is deter-

210.52 Dwelling Unit Receptacle Outlets mined to cause an unacceptable voltage drop, larger conduc-
(A) General Provisions tors with a higher ampacity commonly are used. For
(B) Small Appliances example, a branch circuit wired with 10 AWG copper con-
(C) Countertops ductors has an allowable ampacity of at least 30 amperes
(D) Bathrooms per Table 310.16. However, if the branch circuit overcurrent
(E) Outdoor Outlets protective device is a 20-ampere circuit breaker or fuse, the
(F) Laundry Areas rating of this branch circuit is 20 amperes, based on the size
(G) Basements and Garages or rating of the overcurrent protective device.
(H) Hallways

210.60 Guest Rooms or Guest Suites
Exception: Multioutlet branch circuits greater than 50 am-(A) General
peres shall be permitted to supply nonlighting outlet loads(B) Receptacle Placement
on industrial premises where conditions of maintenance and
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210.4Article 210 — Branch Circuits

Table 210.2 Specific-Purpose Branch Circuits supervision ensure that only qualified persons service the
equipment.

Equipment Article Section

It is common in industrial establishments to provide severalAir-conditioning and refrigerating 440.6, 440.31,
equipment 440.32 single receptacles with ratings of 50 amperes or higher on

a single branch circuit to allow quick relocation of equipmentAudio signal processing, 640.8
amplification, and reproduction for production or maintenance use, such as in the case of
equipment electric welders. Generally, only one piece of equipment at

Busways 368.17 a time is supplied from this type of receptacle circuit. The
type of receptacle used in this situation is generally a config-Circuits and equipment operating at 720

less than 50 volts uration known as a pin-and-sleeve receptacle, although the
Central heating equipment other than 422.12 Code does not preclude the use of other configurations and

fixed electric space-heating designs. Pin-and-sleeve receptacles may or may not be horse-
equipment power rated.

Class 1, Class 2, and Class 3 remote- 725
control, signaling, and power-
limited circuits

210.4 Multiwire Branch Circuits
Closed-loop and programmed power 780

(A) General Branch circuits recognized by this article shalldistribution
be permitted as multiwire circuits. A multiwire circuit shallCranes and hoists 610.42
be permitted to be considered as multiple circuits. All con-Electric signs and outline lighting 600.6
ductors shall originate from the same panelboard or similar

Electric welders 630
distribution equipment.

Elevators, dumbwaiters, escalators, 620.61
moving walks, wheelchair lifts, FPN: A 3-phase, 4-wire, wye-connected power system
and stairway chair lifts used to supply power to nonlinear loads may necessitate

Fire alarm systems 760 that the power system design allow for the possibility of
high harmonic neutral currents.Fixed electric heating equipment for 427.4

pipelines and vessels

Fixed electric space-heating 424.3 The power supplies for equipment such as computers, print-
equipment ers, and adjustable-speed motor drives can introduce har-

Fixed outdoor electric deicing and 426.4 monic currents in the system neutral conductor. The resulting
snow-melting equipment total harmonic distortion current could exceed the load cur-

Information technology equipment 645.5 rent of the device itself. See the commentary following
310.15(B)(4)(c) for a discussion of neutral conductorInfrared lamp industrial heating 422.48, 424.3

equipment ampacity.
Induction and dielectric heating 665

equipment

(B) Devices or Equipment Where a multiwire branch cir-Marinas and boatyards 555.19
cuit supplies more than one device or equipment on theMobile homes, manufactured homes, 550

and mobile home parks same yoke, a means shall be provided to disconnect simulta-
neously all ungrounded conductors supplying those devicesMotion picture and television studios 530

and similar locations or equipment at the point where the branch circuit originates.
Motors, motor circuits, and 430

controllers Where a multiwire branch circuit supplies multiple devices
Pipe organs 650.7 or pieces of equipment supported on the same mounting
Recreational vehicles and 551 strap or yoke, 210.4(B) specifically requires simultaneous

recreational vehicle parks disconnection of all ungrounded conductors and requires
Switchboards and panelboards 408.52 that it take place at the panelboard or other distribution
Theaters, audience areas of motion 520.41, 520.52, equipment where the multiwire circuit originates. In previous

picture and television studios, and 520.62 editions of the Code, this requirement covered installations
similar locations in dwelling units only. For the 2005 edition, the requirement

X-ray equipment 660.2, 517.73 has been expanded in scope and applies to all occupancies.
Multiwire branch circuits can be dangerous when not
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210.4 Article 210 — Branch Circuits

all the ungrounded circuit conductors are de-energized and are used for the branch circuit overcurrent protection, a 2-
equipment supplied from a multiwire circuit is being ser- pole disconnect switch is required.
viced. Equipment and devices on a common mounting yoke
or strap pose a significant risk because of the close proximity

(C) Line-to-Neutral Loads Multiwire branch circuits shallof their wiring terminals or connections. For that reason, all
supply only line-to-neutral loads.ungrounded conductors supplying the devices or equipment
Exception No. 1: A multiwire branch circuit that supplieson that strap must be simultaneously disconnected to reduce
only one utilization equipment.the risk of shock to personnel working on equipment sup-
Exception No. 2: Where all ungrounded conductors of theplied by the multiwire branch circuit. The simultaneous dis-
multiwire branch circuit are opened simultaneously by theconnecting means requirement takes the guesswork out of
branch-circuit overcurrent device.ensuring safe conditions for maintenance.

Most commonly, duplex or other multiple receptacle FPN: See 300.13(B) for continuity of grounded conduc-
configurations supported on common mounting hardware tor on multiwire circuits.
are the focus of this requirement. However, equipment
mounted on a yoke can include devices such as receptacles, The term multiwire branch circuit is defined in Article 100
switches, and lampholders, as well as other items such as as ‘‘a branch circuit that consists of two or more ungrounded
dimmers, pilot lights, and home automation controls. conductors that have a voltage between them and a grounded

Many 125-volt, 15- and 20-ampere duplex receptacles conductor that has equal voltage between it and each un-
have a break-off tab that permits each of the two receptacles grounded conductor of the circuit and that is connected to
to be supplied from different circuits or a 3-wire (multiwire) the neutral or grounded conductor of the system.’’ Although
branch circuit. This arrangement is commonly called a split- defined as ‘‘a’’ branch circuit, 210.4(A) permits a multiwire
wired receptacle (i.e., one circuit supplies half the duplex branch circuit to be considered as multiple circuits and could
receptacle, and another circuit supplies the other half). The be used, for instance, to satisfy the requirement for providing
simultaneous opening of both ‘‘hot’’ conductors at the pan- two small appliance branch circuits for countertop receptacle
elboard effectively protects personnel from inadvertent con- outlets in a dwelling-unit kitchen.
tact during servicing with an energized conductor or device The circuit most commonly used as a multiwire branch
terminal. The simultaneous disconnection can be achieved circuit consists of two ungrounded conductors and one
by a 2-pole circuit breaker, as shown in Exhibit 210.1 (top), grounded conductor supplied from a 120/240-volt, single-
or by two single-pole circuit breakers with an identified phase, 3-wire system. Such multiwire circuits supply appli-
handle tie, as shown in Exhibit 210.1 (bottom). Where fuses ances that have both line-to-line and line-to-neutral connected

loads, such as electric ranges and clothes dryers, and also
supply loads that are line-to-neutral connected only, such as
the split-wired receptacle shown in Exhibit 210.1. A
multiwire branch circuit is also permitted to supply a device
with a 250-volt receptacle and a 125-volt receptacle, as
shown in Exhibit 210.2, provided the branch circuit overcur-
rent device simultaneously opens both of the ungrounded
conductors.

Multiwire branch circuits have many advantages, in-

240 V 120 V

Multiwire 
branch circuit

Double-pole 
circuit breaker

N

Combination receptacle

Multiwire 
branch circuit

Multiwire 
branch circuit

N

N

Break-off tab 
removed

Break-off tab 
removed

120 V120 V

120 V
Load

Single-pole 
switch

Approved 
handle tie

Two-pole 
switch

Split-Wired Receptacle

Combination Receptacle and Switch

Exhibit 210.2 An example of 210.4(C), Exception No. 2, which
permits a multiwire branch circuit to supply line-to-neutral andExhibit 210.1 Examples where 210.4(B) requires the simultane-

ous disconnection of all ungrounded conductors to multiwire line-to-line connected loads provided the ungrounded conductors
are opened simultaneously by the branch-circuit overcurrentbranch circuits supplying more than one device or equipment on

the same yoke. device.
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210.6Article 210 — Branch Circuits

identification requirement applies only to those premisescluding using three wires to do the work of four (in place
that have more than one nominal voltage system supplyingof two 2-wire circuits), less raceway fill, easier balancing
branch circuits (e.g., a 208Y/120-volt system and a 480Y/and phasing of a system, and less voltage drop. See the
277-volt system). Unlike the requirement of 200.6(D) forcommentary following 215.2(A)(3), FPN No. 3, for further
identifying the grounded conductors supplied from differentinformation on voltage drop for branch circuits.
voltage systems, application of this revised rule for identifi-Multiwire branch circuits may be derived from a 120/
cation of the ungrounded conductors does not depend on240-volt, single-phase; a 208Y/120-volt and 480Y/277-volt,
the different system conductors being installed in the same3-phase, 4-wire; or a 240/120-volt, 3-phase, 4-wire delta
raceway, cabinet, or enclosure.system. Section 210.11(B) requires multiwire branch circuits

The method of identification can be unique to the prem-to be properly balanced. If two ungrounded conductors and
ises, and although color coding is a popular method, othera common neutral are used as a multiwire branch circuit
types of marking or tagging are acceptable alternatives. Itsupplied from a 208Y/120-volt, 3-phase, 4-wire system, the
is intended that whatever method of identification is usedneutral carries the same current as the phase conductor with
it be consistent throughout the premises. To that end, thethe highest current and, therefore, should be the same size.
identification legend is required to be posted at each branchThe neutral for a 2-phase, 3-wire or a 2-phase, 5-wire circuit
circuit panelboard or other equipment from which branchmust be sized to carry 140 percent of the ampere rating of
circuits are supplied. The expansion of this requirement isthe circuit, as required by 220.61(A) Exception. See the
based on the need to provide a higher level of safety forcommentary following 210.4(A), FPN, for further informa-
personnel working on premises electrical systems with mul-tion on 3-phase, 4-wire system neutral conductors.
tiple supply voltages.If loads are connected line-to-line (i.e., utilization equip-

Exhibit 210.3 shows an example of two different nomi-ment connected between 2 or 3 phases), 2-pole or 3-pole
nal voltage systems in a building. Each ungrounded systemcircuit breakers are required to disconnect all ungrounded
conductor is identified by color-coded marking tape. A no-conductors simultaneously. In testing 240-volt equipment,
tice indicating the means of the identification is permanentlyit is quite possible not to realize that the circuit is still
located at each panelboard. It should be noted that thisenergized with 120 volts if one pole of the overcurrent device
requirement now applies to all ungrounded branch circuitis open. See 210.10 and 240.20(B) for further information
conductors.on circuit breaker overcurrent protection of ungrounded con-

ductors. Other precautions concerning device removal on
multiwire branch circuits are found in the commentary fol-
lowing 300.13(B).

210.5 Identification for Branch Circuits
(A) Grounded Conductor The grounded conductor of a
branch circuit shall be identified in accordance with 200.6.

(B) Equipment Grounding Conductor The equipment
grounding conductor shall be identified in accordance with
250.119.

(C) Ungrounded Conductors Where the premises wiring
system has branch circuits supplied from more than one
nominal voltage system, each ungrounded conductor of a
branch circuit, where accessible, shall be identified by sys-
tem. The means of identification shall be permitted to be
by separate color coding, marking tape, tagging, or other
approved means and shall be permanently posted at each

480Y/277 V 
branch-circuit 
panelboard

208Y/120 V 
branch-circuit 
panelboard

Color-coded 
marking tape

Color-coded 
marking tape

Means of identification of 
grounded and ungrounded 
branch-circuit conductors 
permanently posted 

Means of identification of 
grounded and ungrounded 
branch-circuit conductors 
permanently posted 

branch-circuit panelboard or similar branch-circuit distribu-
tion equipment.

Exhibit 210.3 Examples of accessible (ungrounded) phase con-
ductors identified by marking tape.

The requirement to identify ungrounded branch circuit con-
ductors has been expanded in the 2005 Code to cover all- 210.6 Branch-Circuit Voltage Limitations
branch circuit configurations and is not applicable to only

The nominal voltage of branch circuits shall not exceed themultiwire circuits. As was the case in the 2002 edition, the
values permitted by 210.6(A) through 210.6(E).
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210.6 Article 210 — Branch Circuits

(A) Occupancy Limitation In dwelling units and guest Section 210.6(C)(1) allows listed electric-discharge lumi-
rooms or guest suites of hotels, motels, and similar occupanc- naires to be used only within their ratings. See 225.7(C) and
ies, the voltage shall not exceed 120 volts, nominal, between 225.7(D) for additional restrictions on the installation of
conductors that supply the terminals of the following: outdoor luminaires.

(1) Luminaires (lighting fixtures)
(2) Cord-and-plug-connected loads 1440 volt-amperes,

(2) Listed incandescent luminaires (lighting fixtures),
nominal, or less or less than 1⁄4 hp

where supplied at 120 volts or less from the output of
a stepdown autotransformer that is an integral compo-

The term similar occupancies in 210.6(A) refers to sleeping nent of the luminaire (fixture) and the outer shell termi-
rooms in dormitories, fraternities, sororities, nursing homes, nal is electrically connected to a grounded conductor
and other such facilities. This requirement is intended to of the branch circuit
reduce the exposure of residents in dwellings and similar
occupancies from electric shock hazards when using or ser-

Section 210.6(C)(2) permits an incandescent luminaire on
vicing permanently installed luminaires and cord-and-plug-

a 277-volt circuit only if it is a listed luminaire with an
connected portable lamps and appliances. For the 2005Code,

integral autotransformer and an output to the lampholder
210.6(A) has been revised to specifically identify a hotel or

that does not exceed 120 volts. In this application, the auto-
motel guest suite as an area where this voltage limitation is

transformer supplies 120 volts to the lampholder, and the
also mandatory.

grounded conductor is connected to the screw shell of the
Small loads, such as those of 1440 volt-amperes or less

lampholder. This application is similar to a branch circuit
and motors of less than 1⁄4 horsepower, are limited to 120-

derived from an autotransformer, except that the 120-volt
volt circuits. High-wattage cord-and-plug-connected loads,

circuit is the internal wiring of the luminaire.
such as electric ranges, clothes dryers, and some window
air conditioners, may be connected to a 208-volt or 240-
volt circuit. (3) Luminaires (lighting fixtures) equipped with mogul-

base screw shell lampholders
(4) Lampholders, other than the screw shell type, applied(B) 120 Volts Between Conductors Circuits not exceeding

within their voltage ratings120 volts, nominal, between conductors shall be permitted
(5) Auxiliary equipment of electric-discharge lampsto supply the following:
(6) Cord-and-plug-connected or permanently connected

(1) The terminals of lampholders applied within their volt- utilization equipment
age ratings

Exhibit 210.4 shows some examples of luminaires permitted
Section 210.6(B)(1) allows lampholders to be used only to be connected to branch circuits. Medium-base screw shell
within their voltage ratings. See the commentary following lampholders cannot be directly connected to 277-volt branch
210.6(C)(2) for details on voltage limitations for listed incan- circuits. Other types of lampholders may be connected to
descent luminaires. 277-volt circuits but only if the lampholders have a 277-

volt rating. A 277-volt branch circuit may be connected to
a listed electric-discharge fixture or to a listed autotrans-

(2) Auxiliary equipment of electric-discharge lamps former-type incandescent fixture with a medium-base screw
shell lampholder.

Auxiliary equipment includes ballasts and starting devices Typical examples of the cord-and-plug-connected
for fluorescent and high-intensity-discharge (e.g., mercury equipment listed under 210.6(C)(6) are through-the-wall
vapor, metal halide, and sodium) lamps. heating and air-conditioning units and restaurant deep fat

fryers that operate at 480 volts, 3 phase, from a grounded
wye system.

(3) Cord-and-plug-connected or permanently connected The requirement in 210.6 is often misapplied because
utilization equipment 210.6(C) describes the voltage as ‘‘volts to ground,’’ whereas

210.6(A), 210.6(B), 210.6(D), and 210.6(E) describe voltage(C) 277 Volts to Ground Circuits exceeding 120 volts,
as ‘‘volts between conductors.’’ Luminaires listed for andnominal, between conductors and not exceeding 277 volts,
connected to a 480-volt source may be used in applicationsnominal, to ground shall be permitted to supply the follow-
permitted by 210.6(C) provided the 480-volt system is ining:
fact a grounded wye system that contains a grounded conduc-

(1) Listed electric-discharge luminaires (lighting fixtures)
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210.7Article 210 — Branch Circuits

Auxiliary
device

Medium 
base

Medium 
base

Mogul 
base

Medium
base

Auto-
transformer

480 V

Ballast
Ballast

120 V between 
conductors, max.

Listed 
electric-discharge 

luminaire

Listed 
incandescent 

luminaire

Listed 
incandescent 

luminaire

277 V to ground, max.

N

Fluorescent luminaire 
Fluorescent 

luminaire 

N

Exhibit 210.4 Examples of luminaires permitted by 210.6(B) and 210.6(C) to be connected to
branch circuits.

ment does not include luminaires except those covered intor (thus limiting the system ‘‘voltage to ground’’ to the
277-volt level). 200.6(D)(1). For luminaire installations that are not on poles

or in a tunnel, the branch circuit voltage is limited to 277
volts to ground.

(D) 600 Volts Between Conductors Circuits exceeding
277 volts, nominal, to ground and not exceeding 600 volts,

FPN: See 410.78 for auxiliary equipment limitations.nominal, between conductors shall be permitted to supply
the following: Exception No. 1 to (B), (C), and (D): For lampholders of

infrared industrial heating appliances as provided in 422.14.(1) The auxiliary equipment of electric-discharge lamps
mounted in permanently installed luminaires (fixtures) Exception No. 2 to (B), (C), and (D): For railway properties

as described in 110.19.where the luminaires (fixtures) are mounted in accor-
dance with one of the following:

(E) Over 600 Volts Between Conductors Circuits ex-a. Not less than a height of 6.7 m (22 ft) on poles or
ceeding 600 volts, nominal, between conductors shall besimilar structures for the illumination of outdoor
permitted to supply utilization equipment in installationsareas such as highways, roads, bridges, athletic
where conditions of maintenance and supervision ensurefields, or parking lots
that only qualified persons service the installation.b. Not less than a height of 5.5 m (18 ft) on other

structures such as tunnels
210.7 Branch Circuit Receptacle Requirements

The minimum mounting heights required by 210.6(D)(1) are (A) Receptacle Outlet Location Receptacle outlets shall
for circuits that exceed 277 volts to ground and do not exceed be located in branch circuits in accordance with Part III of
600 volts phase to phase. These circuits supply the auxiliary Article 210.
equipment of electric-discharge lamps. Exhibit 210.5 (left)

(B) Multiple Branch Circuits Where two or more branchshows the minimum mounting height of 18 ft for luminaires
circuits supply devices or equipment on the same yoke, ainstalled in tunnels and similar structures. Exhibit 210.5
means to simultaneously disconnect the ungrounded conduc-(right) illustrates the minimum mounting height of 22 ft for
tors supplying those devices shall be provided at the pointluminaires in outdoor areas such as parking lots.
at which the branch circuits originate.

(2) Cord-and-plug-connected or permanently connected The requirements for replacement of receptacles formerly
utilization equipment other than luminaires (fixtures) contained in this section (1999 and previous editions) are

now located in 406.3(D).
In 210.7(B), specifying a means to simultaneously dis-The addition of the words ‘‘other than luminaires’’ clarifies

that for the purposes of this requirement, utilization equip- connect the ungrounded conductors is a safety issue that
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210.8 Article 210 — Branch Circuits

18 ft

Tunnel Lighting

22 ft

Parking Lot Lighting

Exhibit 210.5 Minimum mounting heights for tunnel and parking lot lighting as required by
210.6(D)(1) for circuits exceeding 277 volts to ground and not exceeding 600 volts between
conductors supplying auxiliary equipment of electric-discharge lampholders.

applies to devices (actually, the single yoke) where more
than one branch circuit is involved. Note that this require-
ment applies to devices or equipment on the same yoke that
are supplied by multiple branch circuits. For installations
where multiwire branch circuits supply devices or equipment
on a common yoke, see 210.4(B).

210.8 Ground-Fault Circuit-Interrupter
Protection for Personnel

Section 210.8 is the main rule for the application of ground-
fault circuit interrupters (GFCIs). Since the introduction of
the GFCI in the 1971 Code, these devices have proved to

L

N Sensor

120-V line source

Resistor

120-V 
load

Push to 
test

Solid-state 
circuitry

Circuit
breaker

Shunt trip

their users and to the electrical community that they are
Exhibit 210.6 The circuitry and components of a typical GFCI.worth the added cost during construction or remodeling.

Published data from the Consumer Product Safety Commis-
some of the current returns by an alternative path, resultingsion show a decreasing trend in the number of electrocutions

in the United States since the introduction of GFCI devices. in an unbalanced current. The toroidal coil senses the unbal-
anced current, and a circuit is established to the shunt-tripUnfortunately, no statistics are available for the actual num-

ber of lives saved by GFCI devices or the actual number of mechanism that reacts and opens the circuit. Note that the
circuit design does not require the presence of an equipmentinjuries prevented by GFCI devices. However, most experts

in the field would agree that the number of saved lives and grounding conductor, which is the reason 406.3(D)(3)(b)
permits the use of GFCIs as replacements for receptaclesprevented injuries is substantial.

Exhibit 210.6 shows a typical circuit arrangement of a where a grounding means does not exist.
GFCIs operate on currents of 5 mA. Listing standardsGFCI. The line conductors are passed through a sensor and

are connected to a shunt-trip device. As long as the current permit a differential of 4 to 6 mA. At trip levels of 5 mA
(the instantaneous current could be much higher), a shockin the conductors is equal, the device remains in a closed

position. If one of the conductors comes in contact with a can be felt during the time of the fault. The shock can lead
to involuntary reactions that may cause secondary accidentsgrounded object, either directly or through a person’s body,
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210.8Article 210 — Branch Circuits

such as falls. GFCIs do not protect persons from shock
hazards where contact is between phase and neutral or be-
tween phase-to-phase conductors.

A variety of GFCIs are available, including portable
and plug-in types and circuit-breaker types, types built into
attachment plug caps, and receptacle types. Each type has
a test switch so that units can be checked periodically to
ensure proper operation. See Exhibits 210.7 and 210.8.

Exhibit 210.8 A 15-ampere duplex receptacle with integral GFCI
that also protects downstream loads. (Courtesy of Pass & Sey-
mour/Legrand�)

Note that there are no exceptions to the bathroom GFCI
requirement. For example, if a washing machine is located
in the bathroom, the 15- or 20- ampere, 125 volt receptacle
that is required to be supplied from the laundry branch circuit
must be GFCI protected.

Exhibit 210.7 A portable plug-in type of GFCI. (Courtesy of A bathroom is defined in Article 100 as ‘‘an area includ-
Pass & Seymour/Legrand�) ing a basin with one or more of the following: a toilet, a

tub, or a shower.’’ The term applies to the entire area, whether
or not a separating door, as illustrated in Exhibit 210.9, isAlthough 210.8 is the main rule for GFCIs, other spe-
present. Note that 210.52(D) requires that a receptacle becific applications require the use of GFCIs. These additional
located on the wall or partition adjacent to each basin loca-specific applications are listed in Commentary Table 210.1.
tion or in the side or face of the basin cabinet. However, if
the basins are adjacent and in close proximity, then one
receptacle outlet may satisfy the requirement, as shown inFPN: See 215.9 for ground-fault circuit-interrupter pro-
Exhibit 210.9 (top).tection for personnel on feeders.

(A) Dwelling Units All 125-volt, single-phase, 15- and 20-
(2) Garages, and also accessory buildings that have a floorampere receptacles installed in the locations specified in

located at or below grade level not intended as habitable(1) through (8) shall have ground-fault circuit-interrupter
rooms and limited to storage areas, work areas, andprotection for personnel.
areas of similar use

(1) Bathrooms
Exception No. 1 to (2): Receptacles that are not readily
accessible.

GFCI receptacles in bathrooms prevent accidents. Therefore,
Exception No. 2 to (2): A single receptacle or a duplex210.8(A)(1) requires that all 125-volt, single-phase, 15- and
receptacle for two appliances located within dedicated space20-ampere receptacles in bathrooms have GFCI protection,
for each appliance that, in normal use, is not easily movedincluding receptacles that are integral with luminaires and,
from one place to another and that is cord-and-plug con-of course, wall-mounted receptacles adjacent to the basin.
nected in accordance with 400.7(A)(6), (A)(7), or (A)(8).
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210.8 Article 210 — Branch Circuits

Commentary Table 210.1 Additional Requirements for the
Application of GFCI Protection

Location Applicable Section(s)

Aircraft Hangars 513.12
Audio system equipment 640.10(A)
Boathouses 555.19(B)(1)
Carnivals, circuses, fairs, and 525.23

similar events
Commercial garages 511.12
Electric vehicle charging 625.22

systems
Electronic equipment, sensitive 647.7(A)
Elevators, escalators, and 620.85

moving walkways
Feeders 215.9
Fountains 680.51(A)
Health care facilities 517.20(A), 517.21
High-pressure spray washers 422.49
Hydromassage bathtubs 680.71
Marinas 555.19(B)(1)
Mobile and manufactured 550.13(B), 550.13(E),

homes 550.32(E)
Natural and artificially made 682.15

bodies of water

General lighting circuit Two single or two duplex receptacles

One duplex receptacle

20-A
circuit

20-A 
circuit

Closet

Closet

S

S

S

S

GFCIGFCI

GFCI

General lighting circuit

Park trailers 552.41(C)
Pools, permanently installed 680.22(A)(1), 680.22(A)(5),

Exhibit 210.9 GFCI-protected receptacles in bathrooms in ac-680.22(B)(4), 680.23(A)(3)
cordance with 210.8(A)(1).Pools, storable 680.32

Sensitive electronic equipment 647.7(A)
Signs with fountains 680.57(B)
Signs, mobile or portable 600.10(C)(2)
Recreational vehicles 551.40(C), 551.41(C)
Recreational vehicle parks 551.71
Replacement receptacles 406.3(D)(2)
Temporary installations 590.6

Receptacles installed under the exceptions to
210.8(A)(2) shall not be considered as meeting the re-
quirements of 210.52(G).

Work bench
Freezer

Garage door opener

Non-GFCI

GFCI

GFCI GFCI

The requirement for GFCI receptacles in garages and sheds,
as illustrated in Exhibit 210.10, improves safety for persons

Exhibit 210.10 Examples of receptacles in a garage that areusing portable hand-held tools, gardening appliances, lawn
required by 210.8(A)(2) to have GFCI protection. Some recepta-mowers, string trimmers, snow blowers, and so on, that
cles are exempt because they are not readily accessible or aremight be connected to these receptacles, which are often the
for an appliance that occupies dedicated space.

closest ones available. GFCI protection is also required in
garage areas where auto repair work and general workshop

located where two cord-and-plug-connected appliances oc-electrical tools are used.
Exception No. 1 to 210.8(A)(2) permits a ceiling- cupy a dedicated space to be exempt from the GFCI require-

ment. If only a single cord-and-plug-connected appliance,mounted receptacle that is installed for connection of a ga-
rage door opener to be exempt from the GFCI requirement. such as a food freezer, occupies the dedicated space, then

a single receptacle must be used.Exception No. 2 to 210.8(A)(2) allows a duplex receptacle
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210.8Article 210 — Branch Circuits

(3) Outdoors from one place to another and that is cord-and-plug con-
nected in accordance with 400.7(A)(6), (A)(7), or (A)(8).

Exception to (3): Receptacles that are not readily accessible
Exception No. 3 to (5): A receptacle supplying only a perma-and are supplied by a dedicated branch circuit for electric
nently installed fire alarm or burglar alarm system shall notsnow-melting or deicing equipment shall be permitted to be
be required to have ground-fault circuit-interrupter protec-installed in accordance with 426.28.
tion.

The dwelling unit shown in Exhibit 210.11 has four outdoor Receptacles installed under the exceptions to
receptacles. Three of the receptacles are considered to be at 210.8(A)(5) shall not be considered as meeting the re-
direct grade-level access and must have GFCI protection for quirements of 210.52(G).
personnel. The fourth receptacle located adjacent to the gut-
ter for the roof-mounted snow-melting cable is not readily An unfinished portion of a basement is limited to storage
accessible and, therefore, is exempt from the GFCI require- areas, work areas, and the like. The receptacles in the work
ments of 210.8(A)(3). However as indicated in the exception, area of the basement shown in Exhibit 210.12 must have
this receptacle is covered by the equipment protection re- GFCI protection. Section 210.8(A)(5) does not apply to fin-
quirements of 426.28. See the commentary following ished areas in basements, such as sleeping rooms or family
210.52(E) and 406.8(B)(1) regarding the installation of out- rooms, and GFCI protection of receptacles in those areas is
door receptacles in wet and damp locations. not required. In addition, freezer and laundry receptacles do

not require GFCI protection, in accordance with 210.8(A)(5),
Exception No. 2.

Exception No. 3 was added for the 2002 Code to permit
the omission of GFCI protection for outlets that serve burglar
and fire alarm systems, thus adding a degree of reliability
to those important systems.

GFCI

Non-GFCI

61/2 ft or less

Exhibit 210.11 A dwelling unit with three receptacles that are
required by 210.8(A)(3) to have GFCI protection and one that is
exempt because it supplies a roof heating tape and is covered
by the requirement of 426.28.

(4) Crawl spaces — at or below grade level
(5) Unfinished basements — for purposes of this section,

G

G

Bedroom

Water
heater

Gas
dryer

Washer
Bedroom

G
Up

Furnace

Freezer

Work
bench

G = GFCI protection required
unfinished basements are defined as portions or areas
of the basement not intended as habitable rooms and Exhibit 210.12 A basement floor plan with GFCI-protected re-
limited to storage areas, work areas, and the like ceptacles in the work area, in accordance with 210.8(A)(5), and

non-GFCI receptacles elsewhere.Exception No. 1 to (5): Receptacles that are not readily
accessible.

Exception No. 2 to (5): A single receptacle or a duplex
receptacle for two appliances located within dedicated space (6) Kitchens — where the receptacles are installed to serve

the countertop surfacesfor each appliance that, in normal use, is not easily moved
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210.8 Article 210 — Branch Circuits

sinks. Unlike the GFCI requirements for garages and unfin-Many countertop kitchen appliances are ungrounded, and
ished basements, there are no exceptions to GFCI protectionthe presence of water and grounded surfaces contributes
for receptacles installed within 6 ft of laundry, utility, andto a hazardous environment, leading to the requirement in
wet bar sinks. As illustrated in Exhibit 210.14, any 125-volt,210.8(A)(6) for GFCI protection around a kitchen sink. See
15- and 20-ampere receptacles installed within 6 ft of a wetExhibit 210.13 and Exhibit 210.26. The requirement is in-
bar, laundry, or utility sink is required to be GFCI protected.tended for receptacles serving the countertop. Receptacles

installed for disposals, dishwashers, and trash compactors
are not required to be protected by GFCIs. According to
406.4(E), receptacles installed to serve countertops cannot
be installed in the countertop in the face-up position because
liquid, dirt, and other foreign material can enter the recepta-
cle.

6 ft6 ft

GFCI

GFCIGFCI

Wet bar, utility, 
or laundry sink

Countertop

Exhibit 210.14 GFCI protection of receptacles located within 6
ft of a wet bar sink in accordance with 210.8(A)(7).

(8) Boathouses

(B) Other Than Dwelling Units All 125-volt, single-

G G

GG

G

Refrigerator

G

G

G = GFCI protection required phase, 15- and 20-ampere receptacles installed in the loca-
tions specified in (1) through (5) shall have ground-fault

Exhibit 210.13 GFCI-protected receptacles shown in accor- circuit-interrupter protection for personnel:
dance with 210.8(A)(6) to serve countertop surfaces in dwelling

(1) Bathroomsunit kitchens.

If receptacles are provided in bathroom areas of hotels and(7) Laundry, utility, and wet bar sinks — where the recepta-
motels, GFCI-protected receptacles are required. Lavatoriescles are installed within 1.8 m (6 ft) of the outside edge
in airports, commercial buildings, industrial facilities, andof the sink
other nondwelling occupancies are required to have all their
receptacles GFCI protected. The only exception to this re-

Recognizing that sinks at wet bars are not the only location quirement is found in 517.21, which permits receptacles in
where a ground-fault shock hazard exists, this requirement hospital critical care areas to be non-GFCI if the toilet and
now also covers sinks in laundry and utility areas. With this basin are installed in the patient room rather than in a separate
change, GFCI protection requirements are now in place for bathroom. Some motel and hotel bathrooms, like the one
all areas in a dwelling unit in which a sink is installed. The shown in Exhibit 210.15, have the basin located outside the
revised text of this requirement does not limit the GFCI door to the room containing the tub, toilet, or another basin.
requirement to only receptacles serving countertop surfaces; The definition of bathroom as found in Article 100 applies
rather, it covers all 125-volt, 15- and 20-ampere receptacles to motel and hotel bathrooms, as does the GFCI requirement
that are within 6 ft of any point along the outside edge of 210.8(B)(1).
of the sink. Many appliances used in these locations are
ungrounded, and the presence of water and grounded sur-

(2) Commercial and institutional kitchens — for the pur-faces contributes to a hazardous environment, leading to the
poses of this section, a kitchen is an area with a sink andrevision of this requirement for GFCI protection around
permanent facilities for food preparation and cooking
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210.8Article 210 — Branch Circuits

Electrocution and electrical shock accident data provided by
the U.S. Consumer Product Safety Commission indicate that
such accidents are occurring at locations other than dwelling
units and construction sites. The accident data indicate that
a number of electrical accidents have occurred at outdoor
locations where there is access to the general public and
implicate faulty equipment supplied from outdoor recepta-
cles as the cause. This requirement specifies GFCI protection
for all 125-volt, 15- and 20-ampere receptacles installed
outdoors where these receptacles are accessible to the gen-
eral public. In other words, unless it can be determined that
the location of outdoor receptacles restricts access to only
authorized personnel (such as employees or maintenance
personnel of a particular facility), GFCI protection of all
125-volt, 15- and 20- ampere receptacle(s) installed outdoors
is required if they can be accessed by the general public.

General lighting
circuit

20-A
bathroom
receptacle
circuit

S

S

G

G

G = GFCI protection required

Exhibit 210.15 GFCI protection of receptacles in a motel/hotel
Exception to (3) and (4): Receptacles that are not readilybathroom where one basin is located outside the door to the rest
accessible and are supplied from a dedicated branch circuitof the bathroom area, in accordance with 210.8(B)(1).
for electric snow-melting or deicing equipment shall be per-

Section 210.8(B)(2), which was new for the 2002 Code, mitted to be installed in accordance with the applicable
requires all 15- and 20-ampere, 125-volt receptacles in non- provisions of Article 426.
dwelling-type kitchens to be GFCI protected. This require-

(5) Outdoors, where installed to comply with 210.63ment applies to all 15- and 20-ampere, 125-volt kitchen
receptacles, whether or not the receptacle serves countertop

Section 210.63, which requires the installation of a 125-areas.
volt receptacle within 25 ft of heating, air-conditioning, andAccident data related to electrical incidents in nondwell-
refrigeration (HACR) equipment for use by service person-ing kitchens reveal the presence of many hazards, including
nel, has been expanded since its first appearance in the Code,poorly maintained electrical apparatus, damaged electrical
from applying to only equipment installed on rooftop tocords, wet floors, and employees without proper electrical
now applying to any location where HACR equipment issafety training. Mandating some limited form of GFCI protec-
installed, including all outdoor locations. This new GFCItion for high-hazard areas such as nondwelling kitchens
requirement correlates with the expanded coverage of 210.63should help prevent electrical accidents. This requirement
and affords service personnel a permanently installed, GFCI-now provides specific information on what is considered to
protected receptacle for servicing outdoor HACR equipmentbe a commercial or institutional kitchen. A location with a
for all occupancies not covered by the dwelling unit require-sink and a portable cooking appliance (e.g., cord-and-plug-
ments in 210.8(A)(3).connected microwave oven) is not considered a commercial

or institutional kitchen for the purposes of applying this re-
quirement. Kitchens in restaurants, hotels, schools, churches,

(C) Boat Hoists Ground-fault circuit-interrupter protectiondining halls, and similar facilities are examples of the types
for personnel shall be provided for outlets that supply boatof kitchens covered by this requirement.
hoists installed in dwelling unit locations and supplied by
125-volt, 15- and 20-ampere branch circuits.

(3) Rooftops

The proximity of this type of equipment to water and the
Section 210.8(B)(3) requires all rooftop 15- and 20-ampere

wet or damp environment inherent to the location in which
receptacles in nondwelling occupancies to be GFCI pro-

boat hoists are used is the reason for this new GFCI require-
tected. For rooftops that also have heating, air-conditioning,

ment. Documented cases of electrocutions associated with
and refrigeration equipment, see 210.63.

the use of boat hoists have been compiled by the U.S. Con-
sumer Product Safety Commission. This requirement applies

(4) Outdoors in public spaces—for the purpose of this sec- only to dwelling unit locations, and GFCI protection must
tion a public space is defined as any space that is for be provided for boat hoists supplied by 15- or 20-ampere,
use by, or is accessible to, the public
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210.9 Article 210 — Branch Circuits

One common application of a boost transformer is to120-volt branch circuits. It is important to note that in con-
trast to the requirements in 210.8(A) and 210.8(B), 210.8(C) derive a single-phase, 240-volt supply system for ranges, air

conditioners, heating elements, and motors from a 3-phase,applies to all outlets supplied from 15- and 20-ampere, 120-
volt branch circuits, not just to receptacle outlets. Therefore, 208Y/120-volt source system. The boosted leg should not

be used to supply line-to-neutral loads because the boostedcord-and-plug-connected and hard-wired boat hoists are cov-
ered by this requirement. line-to-neutral voltage will be higher than 120 volts.

Another common boost transformer application is to
increase a single-phase, 240-volt source to a single-phase,

210.9 Circuits Derived from Autotransformers 277-volt supply for lighting systems. One common 3-phase
application is to boost 440 volts to 550 volts for powerBranch circuits shall not be derived from autotransformers
equipment.unless the circuit supplied has a grounded conductor that is

Other common applications of a buck transformer in-electrically connected to a grounded conductor of the system
clude transforming 240 volts to 208 volts for use with 208-supplying the autotransformer.
volt appliances and converting a 480Y/277-volt source to a
416Y/240-volt supply system.

Exhibits 210.16 through 210.19 illustrate typical applica-
Literature containing diagrams for connection and appli-

tions of autotransformers. In Exhibit 210.16, a 120-volt sup-
cation of autotransformers is available from manufacturers.

ply is derived from a 240-volt system. The grounded
conductor of the primary system is electrically connected
to the grounded conductor of the secondary system. Exception No. 1: An autotransformer shall be permitted

without the connection to a grounded conductor where trans-
forming from a nominal 208 volts to a nominal 240-volt
supply or similarly from 240 volts to 208 volts.

Exception No. 1 to 210.9 allows an autotransformer (without
an electrical connection to a grounded conductor) to extend
or add an individual branch circuit in an existing installation
where transforming (boosting) 208 volts to 240 volts, as
shown in Exhibit 210.17. Exhibits 210.18 and 210.19 illus-
trate typical single-phase and 3-phase buck and boost trans-
formers connected as autotransformers to change 240 volts
to 208 volts and vice versa.

Load

240-V, 3-phase 
supply

Autotransformer

Grounded conductor

240 V

120 V

Exhibit 210.16 Circuitry for an autotransformer used to derive
a 2-wire, 120-volt system for lighting or convenience receptacles
from a 240-volt corner-grounded delta system.

A buck-boost transformer is classified as an autotrans-
former. A buck-boost transformer provides a means of rai-
sing (boosting) or lowering (bucking) a supply line voltage
by a small amount (usually no more than 20 percent). A
buck-boost is a transformer with two primary windings (H1-
H2 and H3-H4) and two secondary windings (X1-X2 and

Autotransformer208Y/120-V, 
3-phase supply

Load

32 V

240 V208 V

X3-X4). Its primary and secondary windings are connected
so that the electrical characteristics are changed from a trans- Exhibit 210.17 Circuitry for an autotransformer used to derive

a 240-volt system for appliances from a 208Y/120-volt source,former that has its primary and secondary windings insulated
in accordance with 210.9, Exception No.1.from each other to one that has primary and secondary

windings connected to buck or boost the voltage as an auto-
transformer, correcting voltage by up to 20 percent.

Exception No. 2: In industrial occupancies, where condi-A single unit is used to boost or buck single-phase
tions of maintenance and supervision ensure that only quali-voltage, but two or three units are used to boost or buck
fied persons service the installation, autotransformers shall3-phase voltage. An autotransformer requires little physical
be permitted to supply nominal 600-volt loads from nominalspace, is economical, and, above all, is efficient.
480-volt systems, and 480-volt loads from nominal 600-
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210.10Article 210 — Branch Circuits

volt systems, without the connection to a similar grounded
conductor.

In industrial locations, Exception No. 2 to 210.9 allows the
use of an autotransformer to supply a 600-volt load from
480-volt systems, provided there are qualified personnel to
service the installation. It also allows 480-volt loads to be
supplied through an autotransformer supplied by a 600-volt
system.

210.10 Ungrounded Conductors Tapped from
Grounded Systems
Two-wire dc circuits and ac circuits of two or more un-
grounded conductors shall be permitted to be tapped from
the ungrounded conductors of circuits that have a grounded
neutral conductor. Switching devices in each tapped circuit

H4 X4H3 X3H2 X2H1 X1

Input

Buck (decrease)

Boost (increase)

H4 X4H3 X3H2 X2H1 X1

Input

H = high voltage
X = low voltage

Output

Output

shall have a pole in each ungrounded conductor. All poles of
multipole switching devices shall manually switch togetherExhibit 210.18 Typical single-phase connection diagrams for
where such switching devices also serve as a disconnectingbuck or boost transformers connected as autotransformers to
means as required by the following:change 240 volts single-phase to 208 volts and vice versa.

(1) 410.48 for double-pole switched lampholders
(2) 410.54(B) for electric-discharge lamp auxiliary equip-

ment switching devices

Exhibit 210.19 Typical con-
nection diagrams for buck or
boost transformers connected
in 3-phase open delta as auto-
transformers to change 240
volts to 208 volts and vice
versa.

1

1

2

2

3

3

H4

X1

X1X1

X1

X2

X2X2

X3 

X2

X3 

X3 X3 

X4 
X4 

X4 X4 

H4

H1H1

H2 H2

H3H3

H1H1

H4H4

H3 H3

H2H2

1

1

2

2

3

3

Input Input

Output Output

Boost (increase) Buck (decrease)

H = high voltage
X = low voltage
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210.11 Article 210 — Branch Circuits

210.11 Branch Circuits Required(3) 422.31(B) for an appliance
(4) 424.20 for a fixed electric space-heating unit Branch circuits for lighting and for appliances, including
(5) 426.51 for electric deicing and snow-melting equipment motor-operated appliances, shall be provided to supply the
(6) 430.85 for a motor controller loads calculated in accordance with 220.10. In addition,
(7) 430.103 for a motor branch circuits shall be provided for specific loads not cov-

ered by 220.10 where required elsewhere in this Code and
for dwelling unit loads as specified in 210.11(C).Two-wire ungrounded branch circuits may be tapped from

ac or dc circuits of two or more ungrounded conductors that (A) Number of Branch Circuits The minimum number
have a grounded neutral conductor. Exhibit 210.20 (top) of branch circuits shall be determined from the total calcu-
illustrates an ungrounded 2-wire branch circuit tapped from lated load and the size or rating of the circuits used. In all
the ungrounded conductors of a dc or single-phase system installations, the number of circuits shall be sufficient to
to supply a small motor. Exhibit 210.20 (bottom) illustrates supply the load served. In no case shall the load on any
a 3-phase, 4-wire wye system. circuit exceed the maximum specified by 220.18.

(B) Load Evenly Proportioned Among Branch Cir-
cuits Where the load is calculated on the basis of volt-
amperes per square meter or per square foot, the wiring
system up to and including the branch-circuit panelboard(s)
shall be provided to serve not less than the calculated load.
This load shall be evenly proportioned among multioutlet
branch circuits within the panelboard(s). Branch-circuit ov-
ercurrent devices and circuits shall only be required to be
installed to serve the connected load.

(C) Dwelling Units

(1) Small-Appliance Branch Circuits In addition to the
number of branch circuits required by other parts of this
section, two or more 20-ampere small-appliance branch cir-
cuits shall be provided for all receptacle outlets specified
by 210.52(B).

(2) Laundry Branch Circuits In addition to the number
of branch circuits required by other parts of this section, at
least one additional 20-ampere branch circuit shall be pro-
vided to supply the laundry receptacle outlet(s) required by
210.52(F). This circuit shall have no other outlets.

(3) Bathroom Branch Circuits In addition to the number
of branch circuits required by other parts of this section, at

Grounded neutral 
conductor

Grounded neutral 
conductor

240-V, 2-wire branch circuit 
with no grounded conductor

208-V, 2-wire branch circuit 
with no grounded conductor

2-pole switch

2-pole switch

Load

Load

120/240-V, 3-wire, single-phase ac or dc supply

208Y/120-V, 3-phase, 4-wire supply

least one 20-ampere branch circuit shall be provided to sup-
ply bathroom receptacle outlet(s). Such circuits shall have

Exhibit 210.20 Branch circuits tapped from ungrounded conduc-
no other outlets.tors of multiwire systems.
Exception: Where the 20-ampere circuit supplies a single
bathroom, outlets for other equipment within the same bath-Circuit breakers or switches that are used as the discon-
room shall be permitted to be supplied in accordance withnecting means for a branch circuit must open all poles simul-
210.23(A)(1) and (A)(2).taneously using only the manual operation of the

disconnecting means. Therefore, if switches and fuses are FPN: See Examples D1(A), D1(B), D2(B), and D4(A)
in Annex D.used and one fuse blows, or if circuit breakers (two single-

pole circuit breakers with a handle tie) are used and one 210.12 Arc-Fault Circuit-Interrupter Protection
breaker trips, one pole could possibly remain closed. The

(A) Definition: Arc-Fault Circuit Interrupter An arc-intention is not to require a common trip of fuses or circuit
fault circuit interrupter is a device intended to provide protec-breakers but rather to disconnect (manually) the ungrounded
tion from the effects of arc faults by recognizing characteris-conductors of the branch circuit with one manual operation.
tics unique to arcing and by functioning to de-energize theSee 240.20(B) for information on handle ties.
circuit when an arc fault is detected.
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210.19Article 210 — Branch Circuits

is the subject of a revision in the 2005 Code. To expand the(B) Dwelling Unit Bedrooms All 120-volt, single phase,
15- and 20-ampere branch circuits supplying outlets installed level of AFCI protection for cord sets that are plugged into

receptacles supplied by AFCI-protected branch circuits, thein dwelling unit bedrooms shall be protected by a listed arc-
fault circuit interrupter, combination type installed to provide use of combination-type AFCI devices is now required.

However, mandatory use of only combination-type AFCI de-protection of the branch circuit.
Branch/feeder AFCIs shall be permitted to be used to vices to comply with 210.12(B) becomes effective January 1,

2008. Until that effective date, the use of either a combination-meet the requirements of 210.12(B) until January 1, 2008.
type or a branch/feeder-type AFCI device meets the require-FPN: For information on types of arc-fault circuit inter-
ment of 210.12(B). In addition to the revised type of AFCIrupters, see UL 1699-1999, Standard for Arc-Fault Cir-

cuit Interrupters. protection required, the location of where the AFCI device is
to be located in the circuit now provides a new option. BecauseException: The location of the arc-fault circuit interrupter
the protection requirement is for the entire branch circuit, lo-shall be permitted to be at other than the origination of the
cation of the device at the point the branch circuit originatesbranch circuit in compliance with (a) and (b):
(service or feeder panelboard or similar distribution equip-

(a) The arc-fault circuit interrupter installed within 1.8 ment) has been and continues to be the main requirement.
m (6 ft) of the branch circuit overcurrent device as measured However, the new exception permits the AFCI device to be
along the branch circuit conductors. located in close vicinity to the point of origin as long as the

(b) Thecircuit conductorsbetween thebranchcircuitov- branch-circuit conductors that are not AFCI protected do
ercurrent device and the arc-fault circuit interrupter shall be not exceed 6 ft in length and the portion of the circuit
installed in ametal raceway or a cable with ametallic sheath. between the point of origin and the AFCI location is installed

in a metal raceway or a metallic-sheathed cable.
Section 210.12(B) requires that AFCI protection be pro-The definition of arc-fault circuit interrupter given in

vided for all 15- and 20-ampere 120-volt branch circuits210.12(A) explains its function. The basic objective is to
that supply outlets (including receptacle, lighting, and otherde-energize the branch circuit when an arc fault is detected.
outlets; see definition of outlet in Article 100) in dwellingArc-fault circuit interrupters are evaluated in UL 1699,
unit bedrooms regardless of whether the circuit supplies onlyStandard for Arc-Fault Circuit-Interrupters, using testing
outlets in the bedroom(s) or supplies outlets in the bedroommethods that create or simulate arcing conditions to deter-
and other areas of the dwelling. Because circuits are oftenmine the product’s ability to detect and interrupt arcing
shared between a bedroom and other areas such as closetsfaults. These devices are also tested to verify that arc detec-
and hallways, providing AFCI protection on the completetion is not unduly inhibited by the presence of loads and
circuit would comply with 210.12. There is no prohibitioncircuit characteristics that may mask the hazardous arcing
against using AFCI protection on other circuits or in loca-condition. In addition, these devices are evaluated to deter-
tions other than bedrooms.mine resistance to unwanted tripping due to the presence of

arcing that occurs in control and utilization equipment under
normal operating conditions or to a loading condition that 210.18 Guest Rooms and Guest Suites
closely mimics an arcing fault, such as a solid-state electronic

Guest rooms and guest suites that are provided with perma-ballast or a dimmed load.
nent provisions for cooking shall have branch circuits andUL 1699 is the standard covering arc-fault devices that
outlets installed to meet the rules for dwelling units.have a maximum rating of 20 amperes intended for use in

120-volt ac, 60-Hz circuits. These devices may also have
This new requirement ensures that guest rooms and guestthe capability to perform other functions such as overcurrent
suites equipped with permanent provisions for cooking areprotection, ground-fault circuit interruption, and surge sup-
treated the same as dwelling units in regard to the branchpression. UL 1699 currently recognizes five types of arc-
circuit requirements contained in Parts I, II, and III of Articlefault circuit interrupters: branch/feeder AFCI, combination
210.AFCI, cord AFCI, outlet AFCI, and portable AFCI.

Placement of the device in the circuit and a review of
the UL guide information must be considered when comply- II. Branch-Circuit Ratingsing with 210.12. The NEC is clear that the objective is to
provide protection of the entire branch circuit. (See Article 210.19 Conductors — Minimum Ampacity
100 for the definition of branch circuit.) For instance, a cord and Size
AFCI cannot be used to comply with the requirement of (A) Branch Circuits Not More Than 600 Volts
210.12 to protect the entire branch circuit.

(1) General Branch-circuit conductors shall have an am-The type of AFCI required to comply with 210.12(B)
pacity not less than the maximum load to be served. Where
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210.19 Article 210 — Branch Circuits

unpredictable, it is safest simply to require such circuits toa branch circuit supplies continuous loads or any combina-
tion of continuous and noncontinuous loads, the minimum have an ampacity that is not less than the rating of the branch

circuit. According to 210.3, the rating of the branch circuitbranch-circuit conductor size, before the application of any
adjustment or correction factors, shall have an allowable is actually the rating of the overcurrent device.
ampacity not less than the noncontinuous load plus 125
percent of the continuous load. (3) Household Ranges and Cooking Appliances Branch-

circuit conductors supplying household ranges, wall-Exception: Where the assembly, including the overcurrent
mounted ovens, counter-mounted cooking units, and otherdevices protecting the branch circuit(s), is listed for opera-
household cooking appliances shall have an ampacity nottion at 100 percent of its rating, the allowable ampacity of
less than the rating of the branch circuit and not less thanthe branch circuit conductors shall be permitted to be not
the maximum load to be served. For ranges of 83⁄4 kW orless than the sum of the continuous load plus the noncontinu-
more rating, the minimum branch-circuit rating shall be 40ous load.
amperes.

Conductors of branch circuits rated not more than 600 volts
Based on the basic requirement of 110.14(C)(1)(a), the mini-must be able to supply power to loads without overheating.
mum 40-ampere rated branch-circuit would require the use ofThe requirements in 210.19(A)(1) establish minimum size
8 AWG, Type THW copper or 6 AWG, Type XHHW alumi-and ampacity requirements to allow that to happen. The
num conductors. See Table 310.16 for other applications.requirements for the minimum size of overcurrent protection

devices are found in 210.20. An example showing these
minimum-size calculations is found in the commentary fol- Exception No. 1: Tap conductors supplying electric ranges,
lowing 210.20(A), Exception. wall-mounted electric ovens, and counter-mounted electric

cooking units from a 50-ampere branch circuit shall have
FPN No. 1: See 310.15 for ampacity ratings of conductors. an ampacity of not less than 20 and shall be sufficient for
FPN No. 2: See Part II of Article 430 for minimum the load to be served. These tap conductors include any
rating of motor branch-circuit conductors. conductors that are a part of the leads supplied with the
FPN No. 3: See 310.10 for temperature limitation of appliance that are smaller than the branch circuit conduc-
conductors. tors. The taps shall not be longer than necessary for servicing
FPN No. 4: Conductors for branch circuits as defined the appliance.
in Article 100, sized to prevent a voltage drop exceeding
3 percent at the farthest outlet of power, heating, and
lighting loads, or combinations of such loads, and where Exception No. 1 to 210.19(A)(3) covers factory-installed
the maximum total voltage drop on both feeders and and field-installed tap conductors. A revision to the 2005
branch circuits to the farthest outlet does not exceed 5 Code clarifies that the supply conductors included in a fac-percent, provide reasonable efficiency of operation. See

tory-installed pigtail are considered to be tap conductors inFPN No. 2 of 215.2(A)(3) for voltage drop on feeder
applying this exception. As illustrated in Exhibit 210.21,conductors.
this exception permits a 20-ampere tap conductor from a
range, oven, or cooking unit to be connected to a 50-ampereFPN No. 4 expresses a warning about improper voltage due
branch circuit if the following four conditions are met:to a voltage drop in supply conductors, a major source of
1. The taps are not longer than necessary to service ortrouble and inefficient operation in electrical equipment.

permit access to the junction box.Undervoltage conditions reduce the capability and reliability
2. The taps to each unit are properly spliced.of motors, lighting sources, heaters, and solid-state equip-
3. The junction box is adjacent to each unit.ment. Sample voltage-drop calculations are found in the
4. The taps are of sufficient size for the load to be served.commentary following 215.2(A)(3), FPN No. 3, and follow-

ing Table 9 in Chapter 9.

Exception No. 2: The neutral conductor of a 3-wire branch
circuit supplying a household electric range, a wall-mounted(2) Multioutlet Branch Circuits Conductors of branch cir-

cuits supplying more than one receptacle for cord-and-plug- oven, or a counter-mounted cooking unit shall be permitted
to be smaller than the ungrounded conductors where theconnected portable loads shall have an ampacity of not less

than the rating of the branch circuit. maximum demand of a range of 83⁄4 kW or more rating has
been calculated according to Column C of Table 220.55,
but such conductor shall have an ampacity of not less thanBecause the loading of branch-circuit conductors that supply
70 percent of the branch-circuit rating and shall not bereceptacles for cord-and-plug-connected portable loads is
smaller than 10 AWG.
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210.19Article 210 — Branch Circuits

40 amperes and not less than 20 for circuits rated at 40 or
50 amperes and only where these tap conductors supply any
of the following loads:

(a) Individual lampholders or luminaires (fixtures) with
taps extending not longer than 450 mm (18 in.) beyond any
portion of the lampholder or luminaire (fixture).

(b) A fixture having tap conductors as provided in
410.67.

(c) Individual outlets, other than receptacle outlets,
with taps not over 450 mm (18 in.) long.

(d) Infrared lamp industrial heating appliances.
(e) Nonheating leads of deicing and snow-melting ca-

bles and mats.

Tap conductors are generally required to have the same
ampacity as the branch-circuit overcurrent device. Exception
No. 1 to 210.19(A)(4) lists specific applications in items (a)
through (e) where the tap conductors are permitted with
reduced ampacities. These tap conductors are required to
have an ampacity of 15 amperes or more (14 AWG copper

Tap conductors rated
not less than 20 A

Max. 50-A
branch circuit

conductors) for circuits rated less than 40 amperes. The tap
conductors must have an ampacity of 20 amperes or more

Exhibit 210.21 Tap conductors permitted by 210.19(A)(3), Ex- (12 AWG copper conductors) for circuits rated 40 or 50
ception No. 1, sized smaller than the branch-circuit conductors amperes.
and not to be longer than necessary for servicing the appliances.

Exception No. 2: Fixture wires and flexible cords shall be
Column C of Table 220.55 indicates that the maximum permitted to be smaller than 14 AWG as permitted by 240.5.
demand for one range (not over 12 kW rating) is 8 kW (8 (B) Branch Circuits Over 600 Volts The ampacity of con-
kW � 8000 volt-amperes; 8000 volt-amperes � 240 volts ductors shall be in accordance with 310.15 and 310.60, as
� 33.3 amperes). In accordance with the fundamental termi- applicable. Branch-circuit conductors over 600 volts shall
nation rule of 110.14(C)(1)(a), the allowable ampacity of an be sized in accordance with 210.19(B)(1) or (B)(2).
8 AWG, copper conductor from the 60�C column of Table

(1) General The ampacity of branch-circuit conductors310.16 is 40 amperes, and it may be used for the range
shall not be less than 125 percent of the designed potentialbranch circuit. According to this computation, the neutral
load of utilization equipment that will be operated simultane-of this 3-wire circuit can be smaller than 8 AWG but not
ously.smaller than 10 AWG, which has an allowable ampacity of

30 amperes (30 amperes is more than 70 percent of 40 (2) Supervised Installations For supervised installations,
amperes, per Exception No. 2). The maximum demand for branch-circuit conductor sizing shall be permitted to be de-
the neutral of an 8-kW range circuit seldom exceeds 25 termined by qualified persons under engineering supervi-
amperes, because the only line-to-neutral connected loads sion. Supervised installations are defined as those portions
are lights, clocks, timers, and the heating elements of some of a facility where both of the following conditions are met:
ranges when the control is adjusted to the low-heat setting.

(1) Conditions of design and installation are provided under
engineering supervision.

(2) Qualified persons with documented training and experi-(4) Other Loads Branch-circuit conductors that supply
ence in over 600-volt systems provide maintenance,loads other than those specified in 210.2 and other than
monitoring, and servicing of the system.cooking appliances as covered in 210.19(A)(3) shall have

an ampacity sufficient for the loads served and shall not be
Part II of Article 210 was revised for the 2002 Code tosmaller than 14 AWG.
include requirements for the branch circuits over 600 volts

Exception No. 1: Tap conductors shall have an ampacity in 210.19(B). Basically, branch circuits over 600 volts must
sufficient for the load served. In addition, they shall have be sized at 125 percent of the combined simultaneous load,
an ampacity of not less than 15 for circuits rated less than
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210.20 Article 210 — Branch Circuits

initial ampacity of not less than the sum of 100 percent ofunless the branch circuits over 600 volts are located at facili-
ties that qualify as supervised installations. the noncontinuous load plus 125 percent of the continuous

load, the same as calculated for the overcurrent device.
The rating of the overcurrent device cannot exceed the

210.20 Overcurrent Protection final ampacity of the circuit conductors after all the derating
Branch-circuit conductors and equipment shall be protected or correction factors have been applied, such as for tempera-
by overcurrent protective devices that have a rating or setting ture or number of conductors.
that complies with 210.20(A) through (D).

Example

(A) Continuous and Noncontinuous Loads Where a Determine the minimum-size overcurrent protective device
branch circuit supplies continuous loads or any combination and the minimum conductor size for the following circuit:
of continuous and noncontinuous loads, the rating of the

• 25 amperes of continuous load
overcurrent device shall not be less than the noncontinuous

• 60�C overcurrent device terminal rating
load plus 125 percent of the continuous load.

• Type THWN conductors
• Four current-carrying copper conductors in a raceway

An example calculation for a continuous load only is illus-
Solutiontrated in Exhibit 210.22.
STEP 1. Determine the size of the overcurrent protective
device (OCPD). Referring to 210.20(A), 125 percent of 25
amperes is 31.25 amperes. Thus, the minimum standard-size
overcurrent device, according to 240.6(A), is 35 amperes.

STEP 2. Determine the minimum conductor size. The ampac-
ity of the conductor must not be less than 125 percent of
the 25-ampere continuous load, which results in 31.25 am-
peres. The conductor must have an allowable ampacity of not
less than 31.25 amperes before any adjustment or correction
factors are applied. Because there are four current-carrying
conductors in the raceway, Table 310.15(B)(2)(a) applies.
First, calculate the ampacity of the conductor using the am-
pacity value calculated above:

Conductor ampacity �
Computed load

Percent adjustment factor
from Table 310/15(B)(2)(a)

20

4A

Total continuous load = 16 A
16 A x 125% = 20 A

20-A
overcurrent
device

20-A
branch
circuit

12 AWG
conductors 4A

31.25 amperes
0.80

� 39.06 amperes
Exhibit 210.22 A continuous load (store lighting) calculated at
125 percent to determine the ampacity of the conductor and the

Because of the 60�C rating of the overcurrent devicebranch-circuit size.
terminal, it is necessary to choose a conductor based on
the ampacities in the 60�C column of Table 310.16. The
calculated load must not exceed the conductor ampacity.Exception: Where the assembly, including the overcurrent
Therefore, an 8 AWG conductor with a 60�C allowabledevices protecting the branch circuit(s), is listed for opera-
ampacity of 40 amperes is the minimum size permitted.tion at 100 percent of its rating, the ampere rating of the
Conductors with a higher allowable ampacity based on theirovercurrent device shall be permitted to be not less than the
insulation temperature rating may be used, but only at asum of the continuous load plus the noncontinuous load.
60�C allowable ampacity.

According to 210.20, an overcurrent device that supplies
continuous and noncontinuous loads must have a rating that (B) Conductor Protection Conductors shall be protected
is not less than the sum of 100 percent of the noncontinuous in accordance with 240.4. Flexible cords and fixture wires
load plus 125 percent of the continuous load, calculated in shall be protected in accordance with 240.5.
accordance with Article 210.

(C) Equipment The rating or setting of the overcurrentIn addition, 210.19(A)(1) requires that the circuit con-
protective device shall not exceed that specified in the appli-ductors, chosen from the ampacity tables, must have an
cable articles referenced in Table 240.3 for equipment.
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210.23Article 210 — Branch Circuits

(D) Outlet Devices The rating or setting shall not exceed Table 210.21(B)(2) Maximum Cord-and-Plug-Connected Load
to Receptaclethat specified in 210.21 for outlet devices.

Circuit Rating Receptacle Rating Maximum Load210.21 Outlet Devices (Amperes) (Amperes) (Amperes)
Outlet devices shall have an ampere rating that is not less

15 or 20 15 12than the load to be served and shall comply with 210.21(A)
20 20 16and (B).
30 30 24

(A) Lampholders Where connected to a branch circuit
having a rating in excess of 20 amperes, lampholders shall

(3) Receptacle Ratings Where connected to a branch cir-be of the heavy-duty type. A heavy-duty lampholder shall
cuit supplying two or more receptacles or outlets, receptaclehave a rating of not less than 660 watts if of the admedium
ratings shall conform to the values listed in Tabletype, or not less than 750 watts if of any other type.
210.21(B)(3), or where larger than 50 amperes, the recepta-
cle rating shall not be less than the branch-circuit rating.

The intent of 210.21(A) is to restrict a fluorescent lighting
branch-circuit rating to not more than 20 amperes because Table 210.21(B)(3) Receptacle Ratings for Various Size
most lampholders manufactured for use with fluorescent Circuits
lights have a rating less than that required for heavy-duty
lampholders (660 for admedium type or 750 watts for all Circuit Rating Receptacle Rating

(Amperes) (Amperes)other types).
Branch-circuit conductors for fluorescent electric-

15 Not over 15discharge lighting are usually connected to ballasts rather
20 15 or 20

than to lampholders, and, by specifying a wattage rating for 30 30
these lampholders, a limit of 20 amperes is applied to ballast 40 40 or 50

50 50circuits.
Only the admedium-base lampholder is recognized as

heavy duty at the rating of 660 watts. Other lampholders
Exception No. 1: Receptacles for one or more cord-and-are required to have a rating of not less than 750 watts to
plug-connected arc welders shall be permitted to have am-be recognized as heavy duty. The requirement of 210.21(A)
pere ratings not less than the minimum branch-circuit con-prohibits the use of medium-base screw shell lampholders
ductor ampacity permitted by 630.11(A) or (B) as applicableon branch circuits that are in excess of 20 amperes.
for arc welders.

Exception No. 2: The ampere rating of a receptacle installed
(B) Receptacles for electric discharge lighting shall be permitted to be based
(1) Single Receptacle on an Individual Branch Circuit A on 410.30(C).
single receptacle installed on an individual branch circuit
shall have an ampere rating not less than that of the branch

A single receptacle installed on an individual branch circuit
circuit.

must have an ampere rating not less than that of the branch
circuit. For example, a single receptacle on a 20-ampereException No. 1: A receptacle installed in accordance with
individual branch circuit must be rated at 20 amperes; how-430.81(B).
ever, two or more 15-ampere receptacles or duplex recepta-Exception No. 2: A receptacle installed exclusively for the
cles are permitted on a 20-ampere general-purpose branchuse of a cord-and-plug-connected arc welder shall be permit-
circuit. This requirement does not apply to specific types ofted to have an ampere rating not less than the minimum
cord-and-plug-connected arc welders.branch-circuit conductor ampacity determined by 630.11(A)

for arc welders.

(4) Range Receptacle Rating The ampere rating of a rangeFPN: See the definition of receptacle in Article 100.
receptacle shall be permitted to be based on a single range
demand load as specified in Table 220.55.(2) Total Cord-and-Plug-Connected Load Where con-

nected to a branch circuit supplying two or more receptacles
210.23 Permissible Loadsor outlets, a receptacle shall not supply a total cord-and-

plug-connected load in excess of the maximum specified in In no case shall the load exceed the branch-circuit ampere
rating. An individual branch circuit shall be permitted toTable 210.21(B)(2).
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210.24 Article 210 — Branch Circuits

supply any load for which it is rated. A branch circuit supply- one cord-and-plug-connected utilization equipment shall not
exceed 80 percent of the branch-circuit ampere rating.ing two or more outlets or receptacles shall supply only the

loads specified according to its size as specified in 210.23(A) (C) 40- and 50-Ampere Branch Circuits A 40- or 50-
through (D) and as summarized in 210.24 and Table 210.24. ampere branch circuit shall be permitted to supply cooking

appliances that are fastened in place in any occupancy. In
The requirements of 210.23 are often misunderstood. An other than dwelling units, such circuits shall be permitted
individual (single-outlet) branch circuit can supply any load to supply fixed lighting units with heavy-duty lampholders,
within its rating. On the other side, the load, of course, infrared heating units, or other utilization equipment.
cannot be greater than the branch-circuit rating.

A branch circuit that supplies two or more outlets is permit-
ted to supply only the loads specified according to its size,(A) 15- and 20-Ampere Branch Circuits A 15- or 20-
in accordance with 210.23(A) through 210.23(C) and asampere branch circuit shall be permitted to supply lighting
summarized in 210.24 and Table 210.24. Other circuits areunits or other utilization equipment, or a combination of
not permitted to have more than one outlet and are consideredboth, and shall comply with 210.23(A)(1) and (A)(2).
individual branch circuits. However, 517.71 and 660.4(B)
do not require individual branch circuits for portable, mobile,

Section 210.23(A) permits a 15- or 20-ampere branch circuit and transportable medical X-ray equipment requiring a ca-
for lighting to also supply utilization equipment fastened in pacity of not over 60 amperes.
place, such as an air conditioner. The equipment load must
not exceed 50 percent of the branch-circuit ampere rating

(D) Branch Circuits Larger Than 50 Amperes Branch(7.5 amperes on a 15-ampere circuit and 10 amperes on a
circuits larger than 50 amperes shall supply only nonlighting20-ampere circuit). However, according to 210.52(B), such
outlet loads.fastened-in-place equipment is not permitted on the small-

appliance branch circuits required in a kitchen, dining room,
See the commentary following 210.3, Exception, regardingand so on. A revision to 210.23(A)(1) clarifies that only
multioutlet branch circuits greater than 50 amperes that arecord-and-plug-connected utilization equipment that is not
permitted to supply nonlighting outlet loads in industrialfastened in place can have a rating of up to 80 percent of
establishments.the branch circuit rating where the circuit also supplies other

loads. Equipment that is fastened in place, whether direct
wired or cord and plug connected (waste disposers and dish- 210.24 Branch-Circuit Requirements —
washers for example), is covered by the 50-percent require- Summary
ment in 210.23(A)(2).

The requirements for circuits that have two or more outlets or
receptacles, other than the receptacle circuits of 210.11(C)(1)

Exception: The small appliance branch circuits, laundry and (C)(2), are summarized in Table 210.24. This table
branch circuits, and bathroom branch circuits required in provides only a summary of minimum requirements. See
a dwelling unit(s) by 210.11(C)(1), (C)(2), and (C)(3) shall 210.19, 210.20, and 210.21 for the specific requirements
supply only the receptacle outlets specified in that section. applying to branch circuits.

(1) Cord-and-Plug-Connected Equipment Not Fastened
Table 210.24 summarizes the branch-circuit requirements ofin Place The rating of any one cord-and-plug-connected
conductors, overcurrent protection, outlet devices, maximumutilization equipment not fastened in place shall not exceed
load, and permissible load where two or more outlets are80 percent of the branch-circuit ampere rating.
supplied.

If the branch circuit serves a fixture load and supplies(2) Utilization Equipment Fastened in Place The total
rating of utilization equipment fastened in place, other than two or more fixture outlets, 210.23 requires the branch circuit

to have a specific ampere rating that is based on the ratingluminaires (lighting fixtures), shall not exceed 50 percent
of the branch-circuit ampere rating where lighting units, of the overcurrent device, as stated in 210.3. Thus, if the

circuit breaker that protects the branch circuit is rated 20cord-and-plug-connected utilization equipment not fastened
in place, or both, are also supplied. amperes, the conductors supplying the circuit must have an

ampacity not less than 20 amperes.
(B) 30-Ampere Branch Circuits A 30-ampere branch cir- Note that in accordance with the Article 100 definition
cuit shall be permitted to supply fixed lighting units with of ampacity, the ampacity is determined after all derating
heavy-duty lampholders in other than a dwelling unit(s) or (adjustment and correction) factors, such as those in
utilization equipment in any occupancy. A rating of any
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210.52Article 210 — Branch Circuits

Table 210.24 Summary of Branch-Circuit Requirements

Circuit Rating 15 A 20 A 30 A 40 A 50 A

Conductors (min. size):
Circuit wires1 14 12 10 8 6
Taps 14 14 14 12 12
Fixture wires and cords — see 240.5

Overcurrent Protection 15 A 20 A 30 A 40 A 50 A

Outlet devices:
Lampholders permitted Any type Any type Heavy duty Heavy duty Heavy duty
Receptacle rating2 15 max. A 15 or 20 A 30 A 40 or 50 A 50 A

Maximum Load 15 A 20 A 30 A 40 A 50 A

Permissible load See 210.23(A) See 210.23(A) See 210.23(B) See 210.23(C) See 210.23(C)

1These gauges are for copper conductors.
2For receptacle rating of cord-connected electric-discharge luminaires (lighting fixtures), see 410.30(C).

(A) Cord Pendants A cord connector that is supplied by310.15(B)(2)(a), have been applied. If seven to nine such
conductors are in one conduit, a 12 AWG, Type THHN a permanently connected cord pendant shall be considered

a receptacle outlet.copper conductor (30 amperes, per Table 310.16) adjusted
to 70 percent, per Table 310.15(B)(2)(a), would have an

(B) Cord Connections A receptacle outlet shall be in-allowable ampacity of 21 amperes and would be suitable
stalled wherever flexible cords with attachment plugs arefor a load of 20 amperes. Thus, this conductor would be
used. Where flexible cords are permitted to be permanentlyacceptable for use on the 20-ampere multioutlet branch cir-
connected, receptacles shall be permitted to be omitted forcuit.
such cords.

210.25 Common Area Branch Circuits
Flexible cords are permitted to be permanently connected

Branch circuits in dwelling units shall supply only loads to boxes or fittings where specifically permitted by the Code.
within that dwelling unit or loads associated only with that However, plugging a cord into a lampholder by inserting a
dwelling unit. Branch circuits required for the purpose of screw-plug adapter is not permitted, because 410.47 requires
lighting, central alarm, signal, communications, or other lampholders of the screw shell type to be installed for use
needs for public or common areas of a two-family or multi- as lampholders only.
family dwelling shall not be supplied from equipment that
supplies an individual dwelling unit.

(C) Appliance Outlets Appliance receptacle outlets in-
stalled in a dwelling unit for specific appliances, such asNot only does 210.25 prohibit branch circuits from feeding
laundry equipment, shall be installed within 1.8 m (6 ft) ofmore than one dwelling unit, it also prohibits the sharing of
the intended location of the appliance.systems, equipment, or common lighting if that equipment

is fed from any of the dwelling units. The systems, equip-
ment, or lighting for public or common areas is required to See 210.52(F) and 210.11(C)(2) for requirements regarding
be supplied from a separate ‘‘house load’’ panelboard. This laundry receptacle outlets and branch circuits.
requirement permits access to the branch-circuit discon-
necting means without the need to enter the space of any
tenants. The requirement also prevents a tenant from turning 210.52 Dwelling Unit Receptacle Outlets
off important circuits that may affect other tenants. This section provides requirements for 125-volt, 15- and 20-

ampere receptacle outlets. Receptacle outlets required by
this section shall be in addition to any receptacle that is partIII. Required Outlets
of a luminaire (lighting fixture) or appliance, located within

210.50 General cabinets or cupboards, or located more than 1.7 m (51⁄2 ft)
above the floor.Receptacle outlets shall be installed as specified in 210.52

through 210.63. Permanently installed electric baseboard heaters
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210.52 Article 210 — Branch Circuits

(1) Spacing Receptacles shall be installed so that no pointequipped with factory-installed receptacle outlets or outlets
provided as a separate assembly by the manufacturer shall measured horizontally along the floor line in any wall space

is more than 1.8 m (6 ft) from a receptacle outlet.be permitted as the required outlet or outlets for the wall
space utilized by such permanently installed heaters. Such
receptacle outlets shall not be connected to the heater cir- Receptacles are required to be located so that no point in
cuits. any wall space is more than 6 ft from a receptacle. This rule

intends that an appliance or lamp with a flexible cord
FPN: Listed baseboard heaters include instructions that

attached may be placed anywhere in the room near a wallmay not permit their installation below receptacle outlets.
and be within 6 ft of a receptacle, thus eliminating the need
for extension cords. Although not an enforceable require-

The requirements of 210.52 apply to dwelling unit recepta- ment, receptacles may be placed equal distances apart where
cles that are rated 125 volts and 15 or 20 amperes and that there is no specific room layout for the general use of electri-
are not part of a luminaire or an appliance. These receptacles cal equipment. Section 210.52(A)(1) does not prohibit a
are normally used to supply lighting and general-purpose receptacle layout designed for intended utilization equip-
electrical equipment and are in addition to the ones that are ment or practical room use. For example, receptacles in a
5 1⁄2 ft above the floor and within cupboards and cabinets. living room, family room, or den that are intended to serve

According to listing requirements [see 110.3(B)], per- home entertainment equipment or home office equipment
manent electric baseboard heaters may not be located be- may be placed in corners, may be grouped, or may be placed
neath wall receptacles. If the receptacle is part of the heater, in a convenient location. Receptacles that are intended for
appliance or lamp cords are less apt to be exposed to the window-type holiday lighting may be placed under windows.
heating elements, as might occur should the cords fall into In any event, even if more receptacles than the minimum
convector slots. Many electric baseboard heaters are of the are installed in a room, no point in any wall space is permitted
low-density type and are longer than 12 ft. To meet the to be more than 6 ft from a receptacle.
spacing requirements of 210.52(A)(1), the required recepta-
cle may be located as a part of the heater unit, as shown as

(2) Wall Space As used in this section, a wall space shallExhibit 210.23.
include the following:

(1) Any space 600 mm (2 ft) or more in width (including
space measured around corners) and unbroken along the
floor line by doorways, fireplaces, and similar openings

(2) The space occupied by fixed panels in exterior walls,
excluding sliding panels

(3) The space afforded by fixed room dividers such as
freestanding bar-type counters or railings

A wall space is a wall unbroken along the floor line by
doorways, fireplaces, archways, and similar openings and
may include two or more walls of a room (around corners),
as illustrated in Exhibit 210.24.

Fixed room dividers, such as bar-type counters and rail-

12 ft max.

Lamp cord

Convector
slots

ings, are to be included in the 6-ft measurement. Fixed panels
in exterior walls are counted as regular wall space, and a

Exhibit 210.23 Permanent electric baseboard heater equipped floor-type receptacle close to the wall can be used to meet
with a receptacle outlet to meet the spacing requirements of the required spacing. Isolated, individual wall spaces 2 ft or
210.52(A). more in width are often used for small pieces of furniture

on which a lamp or an appliance may be placed, and to
preclude the use of an extension cord to supply equipment

(A) General Provisions In every kitchen, family room, in such an isolated space, a receptacle outlet is required.
dining room, living room, parlor, library, den, sunroom, The word usable does not appear at all in 210.52 as a
bedroom, recreation room, or similar room or area of dwell- condition for determining compliance with the receptacle-
ing units, receptacle outlets shall be installed in accordance spacing requirements. As an example, to correctly determine
with the general provisions specified in 210.52(A)(1) the dimension of the wall line in a room, the wall space
through (A)(3).
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210.52Article 210 — Branch Circuits

used in these areas, such as toasters, coffee makers, skillets,
mixers, and the like. The Code can control the outlets that
these circuits supply but cannot control the number of porta-
ble appliances that occupants use in these areas.

No restriction is placed on the number of outlets con-
nected to a general-lighting or small-appliance branch cir-
cuit. The minimum number of receptacle outlets in a room
is determined by 210.52(A) based on the room perimeter
and 210.52(C) for counter spaces. It may be desirable to
provide more than the minimum number of receptacle outlets
required, thereby further reducing the need for extension
cords and cords lying across counters.

Exhibit 210.25 illustrates the application of the require-
ments of 210.52(B)(1), 210.52(B)(2), and 210.52(B)(3). The
small-appliance branch circuits illustrated in Exhibit 210.25
are not permitted to serve any other outlets, such as might

2 ft

6 ft

6 ft 6 ft

12 ft

12 ft

Fixed
panel

Floor
receptacle

12 ft

6 ft

be connected to exhaust hoods or fans, disposals, or dish-
Exhibit 210.24 Typical room plan view of the location of dwelling washers. The countertop receptacles are also required to be
unit receptacles meeting the requirements of 210.52(A). supplied by these two circuits if only the minimum of two

circuits is provided for that dwelling. Note that only the
counter area is required to be supplied by both of the small-

behind the swing of a door is included in the measurement. appliance branch circuits. The wall receptacle outlets in the
This does not mean that the receptacle outlet has to be kitchen and dining room are permitted to be supplied by
located in that space, only that the space has been included one or both of the circuits, as shown in the two diagrams
in the wall-line measurement. in Exhibit 210.25.

The dining room switched receptacle on a 15-ampere
general-purpose branch circuit is permitted according to

(3) Floor Receptacles Receptacle outlets in floors shall not 210.52(B)(1), Exception No. 1. The refrigerator receptacle
be counted as part of the required number of receptacle supplied by a 15-ampere individual branch circuit (Exhibit
outlets unless located within 450 mm (18 in.) of the wall. 210.25, bottom) is permitted by 210.52(B)(1), Exception

No. 2.(B) Small Appliances

(1) Receptacle Outlets Served In the kitchen, pantry,
breakfast room, dining room, or similar area of a dwelling Exception No. 1: In addition to the required receptacles

specified by 210.52, switched receptacles supplied from aunit, the two or more 20-ampere small-appliance branch
circuits required by 210.11(C)(1) shall serve all wall and general-purpose branch circuit as defined in 210.70(A)(1),

Exception No. 1, shall be permitted.floor receptacle outlets covered by 210.52(A), all countertop
outlets covered by 210.52(C), and receptacle outlets for re-
frigeration equipment. Exception No. 1 to 210.52(B)(1) permits switched recepta-

cles supplied from general-purpose 15-ampere branch cir-
cuits to be located in kitchens, pantries, breakfast rooms,Section 210.52(B) requires a minimum of two 20-ampere

circuits for all receptacle outlets for the small-appliance and similar areas. See 210.70(A) and Exhibit 210.25 for
details.loads, including refrigeration equipment, in the kitchen, din-

ing room, pantry, and breakfast room of a dwelling unit.
The limited exceptions to what can be connected to these

Exception No. 2: The receptacle outlet for refrigerationreceptacle circuits allows the full capacity of the small-
equipment shall be permitted to be supplied from an individ-appliance circuits to be dedicated to the kitchen/dining area
ual branch circuit rated 15 amperes or greater.wall and countertop receptacles for the purposes of supplying

cord-and-plug-connected portable appliance loads.
Connecting fastened-in-place appliances such as waste Exception No. 2 to 210.52(B)(1) allows a choice for refriger-

ation equipment receptacle outlets located in a kitchen ordisposers or dishwashers to these circuits would reduce the
capacity to supply the typical higher wattage portable loads similar area. An individual 15-ampere or larger branch cir-
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210.52 Article 210 — Branch Circuits

(2) No Other Outlets The two or more small-appliance
branch circuits specified in 210.52(B)(1) shall have no other
outlets.

Exception No. 1: A receptacle installed solely for the electri-
cal supply to and support of an electric clock in any of the
rooms specified in 210.52(B)(1).
Exception No. 2: Receptacles installed to provide power for
supplemental equipment and lighting on gas-fired ranges,
ovens, or counter-mounted cooking units.

Exception No. 2 to 210.52(B)(2) allows the small electrical
loads associated with gas-fired appliances to be connected
to small-appliance branch circuits. See Exhibit 210.25 for
an illustration.

(3) Kitchen Receptacle Requirements Receptacles in-
stalled in a kitchen to serve countertop surfaces shall be
supplied by not fewer than two small-appliance branch cir-
cuits, either or both of which shall also be permitted to
supply receptacle outlets in the same kitchen and in other
rooms specified in 210.52(B)(1). Additional small-appliance
branch circuits shall be permitted to supply receptacle outlets
in the kitchen and other rooms specified in 210.52(B)(1).
No small-appliance branch circuit shall serve more than one
kitchen.

Because the countertop receptacle outlets generally supply
more of the portable cooking appliances than the wall recep-
tacles in the kitchen and dining areas, the counter areas must
be supplied by no fewer than two small-appliance branch
circuits. The Code does not specify that both circuits be
installed to serve the receptacle outlet(s) at each separate
counter area in a kitchen, but rather that the total counter
area of a kitchen must be supplied by no fewer than two
circuits, and the arrangement of these circuits is determined
by the designer or installer.

For example, a single receptacle outlet on a kitchen
island is not required to be supplied by both of the small-
appliance circuits serving the counter area. To provide effi-
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G
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Range

Range

Refrigerator

Refrigerator

C

C
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S

S
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20-A small-appliance 
branch circuits

20-A small-appliance 
branch circuits
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individual 
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circuit

15-A general- 
purpose branch circuit

G = GFCI protection required

Power 
for gas 
igniter

Power 
for gas 
igniterDining

room

Pantry

Dining
room

Pantry

cient distribution of the small-appliance load, the number
of receptacles connected to each small-appliance circuitExhibit 210.25 Small-appliance branch circuits as required by
should be carefully analyzed. The concept of evenly propor-210.52(B)(1), 210.52(B)(2), and 210.52(B)(3) for all receptacle

outlets in the kitchen (including refrigerator), pantry, and dining tioning the load as specified in 210.11(A) (for loads calcu-
room. lated on the basis of volt-amperes per square foot) can be

used as a best practice in distributing the number of recepta-
cle outlets to be supplied by each of the small-appliance

cuit may serve this equipment, or it may be included in branch circuits. Where additional small-appliance branch
circuits are installed, they are subject to all the requirementsthe 20-ampere small-appliance branch circuit. Refrigeration

equipment is also exempt from the GFCI requirements of that apply to the minimum two required circuits.
The two circuits that supply the countertop receptacle210.8 where the receptacle outlet for the refrigerator is lo-

cated as shown in Exhibit 210.25. outlets may also supply receptacle outlets in the pantry,
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210.52Article 210 — Branch Circuits

dining room, and breakfast room, as well as an electric This exception and the associated figure (Figure 210.52)
clock receptacle and electric loads associated with gas-fired were added to the 2005 Code to define the wall space behind
appliances, but these circuits are to supply no other outlets. a sink or range that is not required to be provided with a
See 210.8(A)(6) for GFCI requirements applicable to recep- receptacle outlet. Figure 210.52 also shows where the edge
tacles serving kitchen counters. of a sink or range is considered to be on the wall behind or

to the side of the sink or range. Using these benchmarks,
(C) Countertops In kitchens and dining rooms of dwelling compliance with the wall counter receptacle outlet spacing
units, receptacle outlets for counter spaces shall be installed required by 210.52(C)(1) can be determined. Note that where
in accordance with 210.52(C)(1) through (C)(5). the space behind a sink or range is 12 in. or more or 18 in.

or more (depending on the counter configuration), the space(1) Wall Counter Spaces A receptacle outlet shall be in-
behind the sink or range must be included in measuring thestalled at each wall counter space that is 300 mm (12 in.)
wall counter space.or wider. Receptacle outlets shall be installed so that no

point along the wall line is more than 600 mm (24 in.)
measured horizontally from a receptacle outlet in that space.

(2) Island Counter Spaces At least one receptacle shall
Exception: Receptacle outlets shall not be required on a be installed at each island counter space with a long dimen-
wall directly behind a range or sink in the installation de- sion of 600 mm (24 in.) or greater and a short dimension
scribed in Figure 210.52. of 300 mm (12 in.) or greater. Where a rangetop or sink is

installed in an island counter and the width of the counter
behind the rangetop or sink is less than 300 mm (12 in.),
the rangetop or sink is considered to divide the island into
two separate countertop spaces as defined in 210.52(C)(4).

(3) Peninsular Counter Spaces At least one receptacle
outlet shall be installed at each peninsular counter space
with a long dimension of 600 mm (24 in.) or greater and a
short dimension of 300 mm (12 in.) or greater. A peninsular
countertop is measured from the connecting edge.

(4) Separate Spaces Countertop spaces separated by
rangetops, refrigerators, or sinks shall be considered as sepa-
rate countertop spaces in applying the requirements of
210.52(C)(1), (C)(2), and (C)(3).

(5) Receptacle Outlet Location Receptacle outlets shall
be located above, but not more than 500 mm (20 in.) above,
the countertop. Receptacle outlets rendered not readily ac-
cessible by appliances fastened in place, appliance garages,
sinks, or rangetops as covered in 210.52(C)(1), Exception,
or appliances occupying dedicated space shall not be consid-
ered as these required outlets.

Exception to (5): To comply with the conditions specified
in (1) or (2), receptacle outlets shall be permitted to be
mounted not more than 300 mm (12 in.) below the coun-
tertop. Receptacles mounted below a countertop in accor-
dance with this exception shall not be located where the
countertop extends more than 150 mm (6 in.) beyond its
support base.

(1) Construction for the physically impaired

Outlet within
600 mm (24 in.)

X

X

Outlets not required 
if X <450 mm (18 in.)

Outlet within 600 mm (24 in.) 

Outlet within 
600 mm
(24 in.)

Outlet not required
if X <300 mm (12 in.)

Sink or range extending from face of counter

Sink or range mounted in corner

Outlet within
600 mm (24 in.)

(2) On island and peninsular countertops where the coun-
tertop is flat across its entire surface (no back-
splashes, dividers, etc.) and there are no means to mountFigure 210.52 Determination of Area Behind Sink or Range
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210.52 Article 210 — Branch Circuits

a receptacle within 500 mm (20 in.) above the count- The maximum permitted height of a receptacle serving
ertop, such as an overhead cabinet a countertop specified in 210.52(C)(5) was revised in the

2002 Code from 18 in. to 20 in. as a practical considerationDwelling unit receptacles that serve countertop spaces in
based on standard cabinet and counter dimensions.kitchens, dining areas, and similar rooms, as illustrated in

Exhibit 210.26, are required to be installed as follows:
(D) Bathrooms In dwelling units, at least one receptacle1. In each wall space wider than 12 in. and spaced so that
outlet shall be installed in bathrooms within 900 mm (3 ft)no point along the wall line is more than 24 in. from a
of the outside edge of each basin. The receptacle outlet shallreceptacle
be located on a wall or partition that is adjacent to the basin2. Not more than 20 in. above the countertop [According
or basin countertop.to 406.4(E), receptacles cannot be installed in a face-

up position. Receptacles installed in a face-up position
Section 210.52(D) requires one wall receptacle in each bath-in a countertop could collect crumbs, liquids, and other
room of a dwelling unit to be installed adjacent to (withindebris, resulting in a potential fire or shock hazard.]
36 in. of) the basin. Added to the 2005 Code, the exception3. At each countertop island and peninsular countertop
permits an alternative to locating the required outlet in thewith a short dimension of at least 12 in. and a long
wall adjacent to the basin. Different in application fromdimension of at least 24 in. (The measurement of a
the exception to 210.52(C)(5), the permission to install apeninsular-type countertop is from the edge connecting
receptacle outlet in the side or face of the basin cabinet isto the nonpeninsular counter.)
not contingent on the adjacent wall location being unfeasible4. Accessible for use and not blocked by appliances occu-
or inaccessible to a handicapped person. Like the kitchenpying dedicated space or fastened in place
counter rule, the outlet must be located so that the recepta-5. Fed from two or more of the required 20-ampere small-
cle(s) is not more than 12 in. below the basin countertop.appliance branch circuits and GFCI protected according

This receptacle is required in addition to any receptacleto 210.8(A)(6)
that may be part of any luminaire or medicine cabinet. If
there is more than one basin, a receptacle outlet is required
adjacent to each basin location. If the basins are in close
proximity, one receptacle outlet installed between the two
basins can be used to satisfy this requirement. See 406.8(C),
which prohibits installation of a receptacle over a bathtub
or inside a shower stall. See Exhibit 210.9 for a sample
electrical layout of a bathroom.

Section 210.11(C)(3) requires the receptacle outlets to
be supplied from a 20-ampere branch circuit with no other
outlets. However, this circuit is permitted to supply the re-
quired receptacles in more than one bathroom. If the circuit
supplies the required receptacle outlet in only one bathroom,
it is allowed to also supply lighting and an exhaust fan in
that bathroom provided the lighting and fan load does not
exceed that permitted by 210.23(A)(2). This receptacle is
also required to be GFCI protected in accordance with
210.8(A)(1).

Exception: The receptacle shall not be required to be
mounted in the wall or partition where it is installed on
the side or face of the basin cabinet not more than 300
mm (12 in.) below the countertop.

(E) Outdoor Outlets For a one-family dwelling and each

G

G

G

GGG

G

Refrig-
erator

G

2 ft2 ft

2 ft

20 in.

20 in.

1 ft

2 ft

2 ft

54 in.

2 ft

4 ft

4 ft

G = GFCI protection required
unit of a two-family dwelling that is at grade level, at least
one receptacle outlet accessible at grade level and not moreExhibit 210.26 Dwelling unit receptacles serving countertop
than 2.0 m (61⁄2 ft) above grade shall be installed at the frontspaces in a kitchen and installed in accordance with 210.52(C).
and back of the dwelling.
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210.52Article 210 — Branch Circuits

For each dwelling unit of a multifamily dwelling where of multifamily units, the required receptacle outlet is permit-
the dwelling unit is located at grade level and provided with ted to be accessible ‘‘from grade,’’ and an outdoor receptacle
individual exterior entrance/egress, at least one receptacle outlet located 6 1⁄2 ft or less above grade and accessible by
outlet accessible from grade level and not more than 2.0 m walking up a set of deck or porch steps can be used to meet
(61⁄2 ft) above grade shall be installed. See 210.8(A)(3). this requirement.

Outdoor receptacles must be installed so that the recep-
tacle faceplate rests securely on the supporting surface toThe rule for one- and two-family dwellings requires two

outdoor receptacle outlets for each dwelling unit. One recep- prevent moisture from entering the enclosure. On uneven
surfaces, such as brick, stone, or stucco, it may be necessarytacle outlet is required at the front of the dwelling, and one

is required at the back of the dwelling, as shown in Exhibit to close openings with caulking compound or mastic. See
406.8 for further information on receptacles installed in210.27. For one- and two-family dwellings, the phrase acces-

sible at grade level clearly requires that the two required damp or wet locations.
receptacle outlets are to be available to a person standing
on the ground (at grade level). Where outdoor heating, air- (F) Laundry Areas In dwelling units, at least one recepta-
conditioning, or refrigeration (HACR) equipment is located cle outlet shall be installed for the laundry.
at grade level, the receptacle outlets required by this section

Exception No. 1: In a dwelling unit that is an apartment orcan be used to comply with the receptacle outlet requirement
living area in a multifamily building where laundry facilitiesof 210.63, provided that at least one of the outlets is located
are provided on the premises and are available to all buildingwithin 25 ft of the HACR equipment. The outlets required
occupants, a laundry receptacle shall not be required.by 210.52(E) comply with the ‘‘located on the same level’’
Exception No. 2: In other than one-family dwellings whererequirement of 210.63. Outdoor receptacle outlets on decks,
laundry facilities are not to be installed or permitted, aporches, and similar structures can be used to meet 210.52(E)
laundry receptacle shall not be required.as long as the receptacle outlet is not more than 6 1⁄2 ft above

grade and can be accessed by a person standing at grade.
A laundry receptacle outlet(s) is supplied by a 20-ampereMultifamily dwellings (those with three or more dwell-
branch circuit. This circuit can have no other outlets. Seeing units) are now required to be provided with at least one
210.11(C)(2) for further information.outdoor receptacle outlet accessible from grade level. This

2005 Code change applies to those dwelling units in a multi-
family structure that are located at grade level and have (G) Basements and Garages For a one-family dwelling,
entrance/egress doorways that lead directly to the exterior of at least one receptacle outlet, in addition to any provided
the structure. Concerns over the unauthorized use of outdoor for laundry equipment, shall be installed in each basement
receptacle outlets installed at multifamily dwellings by other and in each attached garage, and in each detached garage
than the dwelling occupant(s) can be allayed by using a with electric power. See 210.8(A)(2) and (A)(5). Where a
switch inside the dwelling unit to control the outlet. Due to portion of the basement is finished into one or more habitable
the spatial constraints often associated with the construction rooms, each separate unfinished portion shall have a recepta-

cle outlet installed in accordance with this section.

In a one-family dwelling, a receptacle must be installed in
the basement (in addition to the laundry receptacle), in each
attached garage, and in each detached garage with electric
power.

Section 210.8(A)(5) requires receptacles in unfinished
basements to be protected by GFCIs. Section 210.8(A)(2)
requires receptacles installed in garages to be protected by
GFCIs. Where detached garages are not supplied with elec-
tricity, receptacle outlets do not have to be installed.

GFCI

GFCI

GFCI

GFCIGFCI

GFCI

One-family
dwelling

One-family
dwelling

One-family
dwelling

Fire walls

(H) Hallways In dwelling units, hallways of 3.0 m (10 ft)
or more in length shall have at least one receptacle outlet.

Exhibit 210.27 Row housing with GFCI-protected receptacles
As used in this subsection, the hall length shall be con-located at the front and the back of each one-family dwelling, as

sidered the length along the centerline of the hall withoutrequired by 210.52(E).
passing through a doorway.
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210.60 Article 210 — Branch Circuits

ing hotel and motel guest rooms and guest suites that areThe requirement in 210.52(H) is intended to minimize strain
equipped with permanent provisions for cooking.or damage to cords and receptacles for dwelling unit recepta-

Exhibit 210.28 shows receptacle outlets in a hotel guestcles. The requirement does not apply to common hallways
room located conveniently with respect to the permanentof hotels, motels, apartment buildings, condominiums, and
furniture layout. Some spaces that are 2 ft or more in widthso on.
have no receptacle outlets because 210.60(B) permits the
required number of outlets to be placed in convenient loca-
tions that are compatible with the permanent furniture layout.210.60 Guest Rooms or Guest Suites
In Exhibit 210.28, the receptacle outlet adjacent to the per-(A) General Guest rooms or guest suites in hotels, motels,
manent dresser is needed because 210.60(B) applies only toand similar occupancies shall have receptacle outlets in-
the location of receptacle outlets, not to the minimum numberstalled in accordance with 210.52(A) and 210.52(D). Guest
of receptacle outlets.rooms or guest suites provided with permanent provisions for

cooking shall have receptacle outlets installed in accordance
with all of the applicable rules in 210.52.

(B) Receptacle Placement In applying the provisions of
210.52(A), the total number of receptacle outlets shall not
be less than the minimum number that would comply with
the provisions of that section. These receptacle outlets shall
be permitted to be located conveniently for permanent furni-
ture layout. At least two receptacle outlets shall be readily
accessible. Where receptacles are installed behind the bed,
the receptacle shall be located to prevent the bed from con-
tacting any attachment plug that may be installed or the
receptacle shall be provided with a suitable guard.

Section 210.60(B) permits the receptacles in guest rooms and
guest suites of hotels and motels to be placed in accessible

12 ft

13 ft

8 ft

7 ft

C
lo

se
t

Closet

Permanent 
platform bed 

and side 
cabinets

Desk

Permanent 
dresser and TV

2 ft

GFCI

locations that are compatible with permanent furniture. How-
ever, the minimum number of receptacles required by 210.52 Exhibit 210.28 Floor plan of a hotel guest room with receptacles

located as permitted by 210.60(B) with respect to permanentis not permitted to be reduced. The minimum number of
furniture.receptacle outlets should be determined by assuming there

is no furniture in the room. The practical locations of that
minimum number of receptacles are then determined based 210.62 Show Windows
on the permanent furniture layout.

At least one receptacle outlet shall be installed directly aboveHotel and motel rooms and suites are commonly used
a show window for each 3.7 linear m (12 linear ft) or majoras remote offices for businesspeople who use laptop comput-
fraction thereof of show window area measured horizontallyers and other plug-in devices. TheCode requires two recepta-
at its maximum width.cle outlets to be available without moving furniture to access

those receptacles. To reduce the risk of fire to bedding mate-
Show windows usually extend from floor to ceiling forrial, receptacles located behind beds must include guards if
maximum display. To discourage floor receptacles and un-attachment plugs might contact the bed.
sightly extension cords likely to cause physical injury, recep-Bathroom areas for guest rooms and suites in hotels
tacles must be installed directly above a show window, andand motels are required to be provided with a receptacle
one receptacle is required for every 12 linear ft or ‘‘majoroutlet adjacent to the basin location, in accordance with
fraction thereof’’ (6 ft or more). See 220.14(G) and210.8(B)(1).
220.43(A) for information regarding load computations forExtended-stay hotels and motels are often equipped with
show windows.permanent provisions for cooking and countertop areas. All

applicable receptacle spacing and supply requirements in
210.52 apply to guest rooms or suites that contain such 210.63 Heating, Air-Conditioning, and
provisions. A portable microwave oven is not considered to Refrigeration Equipment Outlet
be a permanently installed cooking appliance. See 210.18

A 125-volt, single-phase, 15- or 20-ampere-rated receptacleand its associated commentary for more information regard-
outlet shall be installed at an accessible location for the
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210.70Article 210 — Branch Circuits

supplied by a branch circuit other than a small-applianceservicing of heating, air-conditioning, and refrigeration
equipment. The receptacle shall be located on the same level branch circuit. See Exhibit 210.25, which shows a dining

room switched receptacle on a 15-ampere general-purposeand within 7.5 m (25 ft) of the heating, air-conditioning,
and refrigeration equipment. The receptacle outlet shall not branch circuit.
be connected to the load side of the equipment disconnecting
means.

Exception No. 2: Lighting outlets shall be permitted to
be controlled by occupancy sensors that are (1) in addition

Section 210.63 is intended to prevent makeshift methods of to wall switches or (2) located at a customary wall switch
obtaining 125-volt power for servicing and troubleshooting location and equipped with a manual override that will
heating, air-conditioning, and refrigeration (HACR) equip- allow the sensor to function as a wall switch.
ment. The reference to 210.8 in the fine print note to 210.63

(2) Additional Locations Additional lighting outlets shallreminds the Code user of the GFCI requirements for these
be installed in accordance with (A)(2)(a), (A)(2)(b), andreceptacle outlets. The requirements in 210.52(E) for out-
(A)(2)(c).door dwelling unit receptacles located within 25 ft of HACR

(a) At least one wall switch-controlled lighting outletequipment meet the requirements of 210.63.
shall be installed in hallways, stairways, attached garages,The requirements of 210.63 were expanded in the 2002
and detached garages with electric power.Code to improve worker safety. As a result, a receptacle

outlet is now required for troubleshooting HACR equipment (b) For dwelling units, attached garages, and detached
at grade-accessible outdoor equipment and at rooftop units garages with electric power, at least one wall switch–con-
associated with one- and two-family dwelling units. A new trolled lighting outlet shall be installed to provide illumina-
exception added in the 2005Code exempts evaporative cool- tion on the exterior side of outdoor entrances or exits with
ers (commonly referred to as ‘‘swamp coolers’’) from the grade level access. A vehicle door in a garage shall not be
receptacle requirement where the cooler is installed at a one- considered as an outdoor entrance or exit.
or two-family dwelling. It should be noted that although this (c) Where one or more lighting outlet(s) are installed
type of cooling equipment is exempt from 210.63, one- and for interior stairways, there shall be a wall switch at each
two-family dwellings are required to have outdoor receptacle floor level, and landing level that includes an entryway, to
outlets at the front and the back of the structure in accordance control the lighting outlet(s) where the stairway between
with 210.52(E). floor levels has six risers or more.

Exception to (A)(2)(a), (A)(2)(b), and (A)(2)(c): In hall-
Exception: A receptacle outlet shall not be required at one-

ways, stairways, and at outdoor entrances, remote, central,
and two-family dwellings for the service of evaporative

or automatic control of lighting shall be permitted.
coolers.

FPN: See 210.8 for ground-fault circuit-interrupter re-
Section 210.70 points out that adequate lighting and properquirements.
control and location of switching are as essential to the
safety of occupants of dwelling units, hotels, motels, and so210.70 Lighting Outlets Required
on, as are proper wiring requirements. Proper illuminationLighting outlets shall be installed where specified in
ensures safe movement for persons of all ages, thus pre-210.70(A), (B), and (C).
venting many accidents.

(A) Dwelling Units In dwelling units, lighting outlets shall Although the requirement in 210.70(A)(2)(b) calls for
be installed in accordance with 210.70(A)(1), (A)(2), and a switched lighting outlet at outdoor entrances and exits, it
(A)(3). does not prohibit a single lighting outlet, if suitably located,

from serving more than one door.(1) Habitable Rooms At least one wall switch-controlled
A wall switch–controlled lighting outlet is required inlighting outlet shall be installed in every habitable room and

the kitchen and in the bathroom. A receptacle outlet con-bathroom.
trolled by a wall switch is not permitted to serve as a lighting

Exception No. 1: In other than kitchens and bathrooms, one outlet in these rooms. Occupancy sensors are permitted to
or more receptacles controlled by a wall switch shall be be used for switching these lighting outlets, provided they
permitted in lieu of lighting outlets. are equipped with a manual override or are used in addition

to regular switches.
A receptacle is not permitted to be switched as a lighting
outlet on a small-appliance branch circuit. A receptacle can

(3) Storage or Equipment Spaces For attics, underfloorbe switched as a lighting outlet (e.g., in the dining room)
spaces, utility rooms, and basements, at least one lighting
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215.1 Article 215 — Feeders

outlet containing a switch or controlled by a wall switch ARTICLE 215
shall be installed where these spaces are used for storage or Feederscontain equipment requiring servicing. At least one point of
control shall be at the usual point of entry to these spaces.
The lighting outlet shall be provided at or near the equipment Summary of Changes
requiring servicing. • 215.2(A): Revised to delete exception and requirements

for specific circuit arrangements and to add new require-
Installation of lighting outlets in attics, underfloor spaces or ment establishing the minimum size of a feeder grounded
crawl areas, utility rooms, and basements is required when conductor.
these spaces are used for storage (e.g., holiday decorations • 215.12: Added requirement that each ungrounded feeder-
or luggage). circuit conductor be identified by some means where there

If such spaces contain equipment that requires servicing is more than one nominal voltage system on the premises
(e.g., air-handling units, cooling and heating equipment, and that the means of identification be posted at each
water pumps, or sump pumps), 210.70(C) requires that a feeder panelboard or similar distribution equipment.
lighting outlet be installed in these spaces.

Contents(B) Guest Rooms or Guest Suites In hotels, motels, or
215.1 Scopesimilar occupancies, guest rooms or guest suites shall have
215.2 Minimum Rating and Sizeat least one wall switch–controlled lighting outlet installed

(A) Feeders Not More Than 600 Voltsin every habitable room and bathroom.
(B) Feeders Over 600 Volts

215.3 Overcurrent ProtectionIn addition to adding guest suites to the lighting outlet re-
215.4 Feeders with Common Neutralquirement, 210.70(B) has been revised to mirror the lan-

(A) Feeders with Common Neutralguage of 210.70(A) and requires a switched lighting outlet
(B) In Metal Raceway or Enclosurein every habitable room (the hotel room or rooms in a suite)

215.5 Diagrams of Feedersand in bathrooms. The bathroom for each guest room or
215.6 Feeder Conductor Grounding Meanssuite and, where provided, the kitchen are required to have
215.7 Ungrounded Conductors Tapped from Groundeda least one lighting outlet controlled by a wall switch. All

Systemsother rooms can employ a switched receptacle to meet this
215.9 Ground-Fault Circuit-Interrupter Protection forlighting requirement. Exception No. 2 permits the use of

Personneloccupancy sensors to control the lighting outlet provided
215.10 Ground-Fault Protection of Equipmentthat it is in the typical switch location and can be manually
215.11 Circuits Derived from Autotransformerscontrolled.
215.12 Identification for Feeders

(A) Grounded Conductor
(B) Equipment Grounding Conductor

Exception No. 1: In other than bathrooms and kitchens (C) Ungrounded Conductors
where provided, one or more receptacles controlled by a
wall switch shall be permitted in lieu of lighting outlets.

215.1 Scope
Exception No. 2: Lighting outlets shall be permitted to be

This article covers the installation requirements, overcurrent
controlled by occupancy sensors that are (1) in addition to

protection requirements, minimum size, and ampacity of
wall switches or (2) located at a customary wall switch

conductors for feeders supplying branch-circuit loads.
location and equipped with a manual override that will allow

Exception: Feeders for electrolytic cells as covered inthe sensor to function as a wall switch.
668.3(C)(1) and (C)(4).

(C) Other Than Dwelling Units For attics and underfloor
spaces containing equipment requiring servicing, such as The scope section for Article 215 includes a reference to
heating, air-conditioning, and refrigeration equipment, at overcurrent protection requirements for feeders, which en-
least one lighting outlet containing a switch or controlled compasses both the fact that Article 215 references Article
by a wall switch shall be installed in such spaces. At least 240 for overcurrent protection of feeder circuits and the fact
one point of control shall be at the usual point of entry to that 215.3 includes the 125-percent sizing rule for feeder
these spaces. The lighting outlet shall be provided at or near overcurrent devices supplying continuous loads.
the equipment requiring servicing.
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215.2Article 215 — Feeders

Using 250.122 provides a minimum size for theThe total connected load to be supplied by the feeder
must be calculated to accurately determine feeder conductor grounded conductor that has a direct sizing relationship to

the ungrounded conductors for the purposes of facilitatingampacity. The sum of the computed and connected loads
supplied by a feeder is multiplied by the demand factor to operation of the feeder overcurrent device under short-circuit

conditions. For feeder circuits installed in parallel in separatedetermine the load that the feeder conductors must be sized
to serve. See Article 100 for the definition of demand factor. raceways or cables, the requirements of 220.61 and 310.4

are to be used to determine the minimum grounded conductorWhen the total connected load is operated simultane-
ously, the demand factor is 100 percent; that is, the maximum size.

The requirement for sizing the grounded feeder conduc-demand is equal to the total connected load. Due to diversity,
the maximum operating load carried at any time may be tor has also been added to 215.2(B) for feeder circuits over

600 volts.only three-quarters of the total connected load; thus, the
demand factor is 75 percent.

On a new installation, a minimum value for the demand
(1) General Feeder conductors shall have an ampacity notfactor can be determined by applying the requirements and
less than required to supply the load as calculated in Partstables of Article 220, Branch-Circuit, Feeder, and Service
III, IV, and V of Article 220. The minimum feeder-circuitCalculations.
conductor size, before the application of any adjustment orFeeder conductor sizes are determined by calculating
correction factors, shall have an allowable ampacity notthe total volt-amperes (VA) of the feeder load at the nominal
less than the noncontinuous load plus 125 percent of thevoltage of the feeder circuit. See 220.5 for the nominal
continuous load.system voltages used in computing branch-circuit and feeder

loads. See 310.15 for allowable ampacities and sizes of Exception: Where the assembly, including the overcurrent
insulated conductors. devices protecting the feeder(s), is listed for operation at

Feeder circuits must have sufficient ampacity to safely 100 percent of its rating, the allowable ampacity of the
supply the calculated load. Wiring systems that do not pro- feeder conductors shall be permitted to be not less than the
vide for increases in the use of electricity often create haz- sum of the continuous load plus the noncontinuous load.
ards. It is good practice to allow for future expansion and

The size of the feeder circuit grounded conductor shallconvenience increases, as stated in 90.8(A).
not be smaller than that required by 250.122, except that
250.122(F) shall not apply where grounded conductors are

215.2 Minimum Rating and Size run in parallel.
Additional minimum sizes shall be as specified in(A) Feeders Not More Than 600 Volts

215.2(A)(2) and (A)(3) under the conditions stipulated.

The 2005 Code contains a new requirement on the minimum (2) Ampacity Relative to Service Conductors The feeder
size for the grounded conductor of a feeder circuit. In addi- conductor ampacity shall not be less than that of the service
tion to sizing the conductor per 220.61 (formerly 220.22), conductors where the feeder conductors carry the total load
the absolute minimum is now based on 250.122 and Table supplied by service conductors with an ampacity of 55 am-
250.122, the section and table covering equipment grounding peres or less.
conductor sizing.

(3) Individual Dwelling Unit or Mobile Home Conduc-In past editions of the Code, the minimum size of the
tors Feeder conductors for individual dwelling units or mo-grounded (neutral) feeder conductor was determined using
bile homes need not be larger than service conductors.the requirement of 220.61 where the grounded conductor
Paragraph 310.15(B)(6) shall be permitted to be used forwas used solely as a normal circuit conductor and was not
conductor size.used as the conductor to create the effective ground-fault

current path. Therefore, where a feeder circuit supplied pri-
marily line-to-line connected loads and only a small line- For example, according to Table 310.16, a 3/0 AWG, Type

THW copper wire has an ampacity of 200 amperes. How-to-neutral load, the grounded conductor of the feeder circuit
could be significantly smaller than the ungrounded feeder ever, for a 3-wire, single-phase dwelling service, as shown

in Exhibit 215.1, Table 310.15(B)(6) permits 2/0 AWG, Typeconductors and the equipment grounding conductor because
it only had to be sized to carry the maximum unbalanced THW copper conductors or 4/0 AWG, Type THW aluminum

conductors for services or feeders rated at 200 amperes.load. In such cases, a line-to-neutral fault could result in
significant damage to the comparatively small grounded Feeder conductors carrying the total load supplied by the

service are not required to be sized larger than the service-conductor and failure to open the overcurrent device under
this particular short-circuit condition. entrance conductors.
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215.2 Article 215 — Feeders

fluorescent light output would be reduced by 15 percent, and
incandescent light output would be reduced by 30 percent.
Induction motors would run hotter and produce less torque.
With an applied voltage of 10 percent below rating, the
running current would increase 11 percent, and the operating
temperature would increase by 12 percent. At the same time,
torque would be reduced by 19 percent.

In addition to resistance or impedance, the type of race-
way or cable enclosure, the type of circuit (ac, dc, single-
phase, 3-phase), and the power factor should be considered
to determine voltage drop.

The following basic formula can be used to determine
the voltage drop in a 2-wire dc circuit, a 2-wire ac circuit,
or a 3-wire ac single-phase circuit, all with a balanced load
at 100 percent power factor and where reactance can be
neglected.

Service-entrance
conductors

200-A service disconnect

Feeder 
conductors 
need not be 
larger than 
service-
entrance 
conductors

200-A panelboard

VD �
2 � L � R � I

1000Exhibit 215.1 A 3-wire, single-phase dwelling service with an
ampacity of 200 amperes for 2/0 AWG copper or 4/0 AWG alumi- where:
num conductors used as service-entrance conductors and feeder

VD� voltage drop (based on conductor temperature ofconductors, according to 215.2(A)(3).
75�C)

FPN No. 1: See Examples D1 through D11 in Annex L� one-way length of circuit (ft)
D. R� conductor resistance in ohms (�) per 1000 ft (from
FPN No. 2: Conductors for feeders as defined in Article Chapter 9, Table 8)100, sized to prevent a voltage drop exceeding 3 percent
at the farthest outlet of power, heating, and lighting loads, I� load current (amperes)
or combinations of such loads, and where the maximum
total voltage drop on both feeders and branch circuits to For 3-phase circuits (at 100 percent power factor), the
the farthest outlet does not exceed 5 percent, will provide

voltage drop between any two phase conductors is 0.866reasonable efficiency of operation.
times the voltage drop calculated by the preceding formula.FPN No. 3: See 210.19(A), FPN No. 4, for voltage drop

for branch circuits. Example

Determine the voltage drop in a 240-volt, 2-wire heating
Reasonable operating efficiency is achieved if the voltage circuit with a load of 50 amperes. The circuit size is 6 AWG,
drop of a feeder or the voltage drop of a branch circuit is Type THHN copper, and the one-way circuit length is 100
limited to 3 percent. However, the total voltage drop of a ft.
branch circuit plus a feeder can reach 5 percent and still

Solutionachieve reasonable operating efficiency. See Article 100 for
the definitions of feeder and branch circuit. STEP 1. Find the conductor resistance in Chapter 9, Table

The 5-percent voltage-drop value is explanatory mate- 8.
rial and, as such, appears as a fine print note. Fine print STEP 2. Substitute values into the voltage-drop formula:
notes are not mandatory (see 90.5). However, where circuit
conductors are increased due to voltage drop, 250.122(B)

VD �
2 � L � R � I

1000requires an increase in circular mil area for the associated
equipment grounding conductors.

�
2 � 100 � 0.491 � 50

1000
� 4.91 voltsThe resistance or impedance of conductors may cause

a substantial difference between voltage at service equipment STEP 3. Determine the percentage of the voltage drop:
and voltage at the point-of-utilization equipment. Excessive
voltage drop impairs the starting and the operation of electri- % VD �

4.91 V
240 V

� 0.02 or 2%
cal equipment. Undervoltage can result in inefficient opera-
tion of heating, lighting, and motor loads. An applied voltage

A 12-volt drop on a 240-volt circuit is a 5-percent drop.of 10 percent below rating can result in a decrease in effi-
ciency of substantially more than 10 percent. For example, A 4.91-volt drop falls within this percentage. If the total
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215.4Article 215 — Feeders

voltage drop exceeds 5 percent, or 12 volts, larger-size con- supplies continuous loads or any combination of continuous
and noncontinuous loads, the rating of the overcurrent deviceductors should be used, the circuit length should be short-

ened, or the circuit load should be reduced. shall not be less than the noncontinuous load plus 125 percent
of the continuous load.See the commentary following Chapter 9, Table 9, for

an example of voltage-drop calculation using ac reactance Exception: Where the assembly, including the overcurrent
and resistance. Voltage-drop tables and calculations are also devices protecting the feeder(s), is listed for operation at
available from various manufacturers. 100 percent of its rating, the ampere rating of the overcurrent

device shall be permitted to be not less than the sum of the
continuous load plus the noncontinuous load.

(B) Feeders Over 600 Volts The ampacity of conductors
shall be in accordance with 310.15 and 310.60 as applicable.

The feeder overcurrent protection requirements in 215.3 areWhere installed, the size of the feeder circuit grounded con-
somewhat similar to the branch-circuit overcurrent protec-ductor shall not be smaller than that required by 250.122,
tion requirements in 210.20(A).except that 250.122(F) shall not apply where grounded con-

ductors are run in parallel. Feeder conductors over 600 volts
shall be sized in accordance with 215.2(B)(1), (B)(2), or Exception: Overcurrent protection for feeders over 600
(B)(3). volts, nominal, shall comply with Part XI of Article 240.

215.4 Feeders with Common Neutral(1) Feeders Supplying Transformers The ampacity of
feeder conductors shall not be less than the sum of the (A) Feeders with Common Neutral Two or three sets of
nameplate ratings of the transformers supplied when only 3-wire feeders or two sets of 4-wire or 5-wire feeders shall
transformers are supplied. be permitted to utilize a common neutral.

(B) In Metal Raceway or Enclosure Where installed in a(2) Feeders Supplying Transformers and Utilization
metal raceway or other metal enclosure, all conductors ofEquipment The ampacity of feeders supplying a combina-
all feeders using a common neutral shall be enclosed withintion of transformers and utilization equipment shall not be
the same raceway or other enclosure as required in 300.20.less than the sum of the nameplate ratings of the transformers

and 125 percent of the designed potential load of the utiliza-
If feeder conductors carrying ac current, including the neu-tion equipment that will be operated simultaneously.
tral, are installed in metal raceways, the conductors are re-

(3) Supervised Installations For supervised installations, quired to be grouped together to avoid induction heating
feeder conductor sizing shall be permitted to be determined of the surrounding metal. If it is necessary to run parallel
by qualified persons under engineering supervision. Super- conductors through multiple metal raceways, conductors
vised installations are defined as those portions of a facility from each phase plus the neutral must be run in each raceway.
where all of the following conditions are met: See 250.102(E), 250.134(B), 300.3, 300.5(I), and 300.20 for

requirements associated with conductor grouping of feeder(1) Conditions of design and installation are provided under
circuits.engineering supervision.

A 3-phase, 4-wire (208Y/120-volt, 480Y/277-volt) sys-(2) Qualified persons with documented training and experi-
tem is often used to supply both lighting and motor loads.ence in over 600-volt systems provide maintenance,
The 3-phase motor loads are typically not connected to themonitoring, and servicing of the system.
neutral and thus will not cause current in the neutral conduc-
tor. The maximum current on the neutral, therefore, is due

Section 215.2(B) sets the minimum requirements for feeders to lighting loads or circuits where the neutral is used. On
over 600 volts. Unless the circuit is part of a supervised this type of system (3-phase, 4-wire), a demand factor of
installation [defined in 215.2(B)(3)], the minimum ampacity 70 percent is permitted by 220.61 for that portion of the
for feeder circuit conductors over 600 volts can be no less neutral load in excess of 200 amperes.
than 100 percent of the transformer nameplate load plus For example, if the maximum possible unbalanced load
125 percent of any additional utilization equipment. The is 500 amperes, the neutral would have to be large enough
overcurrent protection requirements for feeders over 600 to carry 410 amperes (200 amperes plus 70 percent of 300
volts must be in accordance with Article 240, Part IX. amperes, or 410 amperes). No reduction of the neutral capac-

ity for that portion of the load consisting of electric-discharge
lighting is permitted.215.3 Overcurrent Protection

Section 310.15(B)(4)(c) points out that a neutral conduc-
Feeders shall be protected against overcurrent in accordance tor must be counted as a current-carrying conductor if the
with the provisions of Part I of Article 240. Where a feeder
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215.5 Article 215 — Feeders

circuits supplied by that feeder. This type of GFCI installa-load it serves consists of harmonic currents. See 220.61 for
other systems in which the 70 percent demand factor may tion is in lieu of the provisions of 210.8 for outdoor, bath-

room, garage, kitchen, basement, and boathouse receptacles.be applied. The maximum unbalanced load for feeders sup-
plying clothes dryers, household ranges, wall-mounted GFCI protection in the feeder can also be used to protect

construction-site receptacles, as covered in 590.6(A), pro-ovens, and counter-mounted cooking units is required to be
considered 70 percent of the load on the ungrounded conduc- vided the feeder supplies no lighting branch circuits.

It may be more economical or convenient to installtors. See Examples D1(a) through D5(b) of Annex D.
GFCIs for feeders. However, consideration should be given
to the fact that a GFCI may be monitoring several branch
circuits and will de-energize all branch circuits in response215.5 Diagrams of Feeders
to a line-to-ground fault from one branch circuit. As statedIf required by the authority having jurisdiction, a diagram
in 90.1(B), the installation may be ‘‘free from hazard butshowing feeder details shall be provided prior to the installa-
not necessarily efficient, convenient, or adequate for goodtion of the feeders. Such a diagram shall show the area in
service’’ where GFCI protection of a feeder is used in lieusquare feet of the building or other structure supplied by
of GFCI protection for each branch circuit or at the individualeach feeder, the total calculated load before applying demand
receptacles.factors, the demand factors used, the calculated load after

applying demand factors, and the size and type of conductors
to be used.

215.10 Ground-Fault Protection of Equipment
Each feeder disconnect rated 1000 amperes or more and215.6 Feeder Conductor Grounding Means
installed on solidly grounded wye electrical systems of more

Where a feeder supplies branch circuits in which equipment
than 150 volts to ground, but not exceeding 600 volts phase-

grounding conductors are required, the feeder shall include
to-phase, shall be provided with ground-fault protection of

or provide a grounding means, in accordance with the provis-
equipment in accordance with the provisions of 230.95.

ions of 250.134, to which the equipment grounding conduc-
tors of the branch circuits shall be connected. FPN: For buildings that contain healthcare occupancies,

see the requirements of 517.17.

215.7 Ungrounded Conductors Tapped from Exception No. 1: The provisions of this section shall not
Grounded Systems apply to a disconnecting means for a continuous industrial

process where a nonorderly shutdown will introduce addi-Two-wire dc circuits and ac circuits of two or more un-
grounded conductors shall be permitted to be tapped from tional or increased hazards.
the ungrounded conductors of circuits having a grounded Exception No. 2: The provisions of this section shall not
neutral conductor. Switching devices in each tapped circuit apply to fire pumps.
shall have a pole in each ungrounded conductor.

Exception No. 3: The provisions of this section shall not
apply if ground-fault protection of equipment is provided on

Section 215.7 does not require a common trip or simultane- the supply side of the feeder.
ous opening of circuit breakers or fuses but rather requires
a switching device to manually disconnect the ungrounded

The intent of 215.10 is to require ground-fault protection ofconductors of the feeder. See 210.10 for similar requirements
equipment for feeder disconnects that are rated 1000 amperesrelated to the ungrounded conductors of the branch circuit.
or more at 480Y/277 volts. A similar requirement for ser-
vices is found in 230.95. The reason for the requirement is
the unusually high number of burndowns reported on feeders215.9 Ground-Fault Circuit-Interrupter
and services in this voltage range. Prior to being put intoProtection for Personnel
service, each ground-fault protection system must be perfor-

Feeders supplying 15- and 20-ampere receptacle branch cir- mance tested and documented according to the requirements
cuits shall be permitted to be protected by a ground-fault of 230.95(C).
circuit interrupter in lieu of the provisions for such interrupt- It should be noted that ground-fault protection of feeder
ers as specified in 210.8 and 590.6(A). equipment is not required if protection is provided on an

upstream feeder or at the service. However, additional levels
of ground-fault protection on feeders may be desired soSeveral manufacturers offer double-pole 120/240-volt cir-

cuit-breaker-type ground-fault circuit interrupters (GFCIs) that a single ground fault does not de-energize the whole
electrical system. See 230.95 for further commentary onfor application to a feeder, thereby protecting all branch
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215.12Article 220 — Branch-Circuit, Feeder, and Service Calculations

than one nominal voltage supply system to a building, struc-ground-fault protection of services. Also according to the
new fine print note, see 517.17, which requires an additional ture, or other premises. The identification scheme is not

specified, but whatever is used is required to be consistentlevel of ground-fault protection for health care facilities.
For emergency feeders, according to Article 700, the throughout the premises. A permanent legend or directory

indicating the feeder identification system for the premisesground-fault protection requirements are different. See
700.26 for further details. is required to be posted at each point in the distribution

system from which feeder circuits are supplied.

215.11 Circuits Derived from Autotransformers
ARTICLE 220Feeders shall not be derived from autotransformers unless

the system supplied has a grounded conductor that is electri- Branch-Circuit, Feeder, and
cally connected to a grounded conductor of the system sup- Service Calculations
plying the autotransformer.

Exception No. 1: An autotransformer shall be permitted Summary of Changes
without the connection to a grounded conductor where trans-

• General: Changed the word compute and its derivativesforming from a nominal 208 volts to a nominal 240-volt
to calculate or equal in Article 220 and throughout thesupply or similarly from 240 volts to 208 volts.
Code.

Exception No. 2: In industrial occupancies, where condi-
• Figure 220.1: Added diagram showing the revised ar-tions of maintenance and supervision ensure that only quali-

rangement of Article 220.fied persons service the installation, autotransformers shall
• 220.3: Completely reorganized. New Table 220.3 identi-be permitted to supply nominal 600-volt loads from nominal

fies requirements in other articles that are in addition to,480-volt systems, and 480-volt loads from nominal 600-
or modifications of, the requirements in Article 220.volt systems, without the connection to a similar grounded

conductor. • 220.14(D): Revised to apply to all luminaire loads, not
only to recessed luminaires.

Section 215.11 addresses autotransformers for feeders and • 220.14(K): Added requirement for calculating receptacle
is similar to the requirements in 210.9 for branch circuits. outlet loads in banks and office buildings.
See the commentary following 210.9 for further information • 220.82(C)(4): Revised requirements for calculating dwell-
on autotransformers that supply branch circuits. ing unit heat pump compressor and supplemental heating

loads.

215.12 Identification for Feeders
(A) Grounded Conductor The grounded conductor of a

Contentsfeeder shall be identified in accordance with 200.6.
I. General

(B) Equipment Grounding Conductor The equipment 220.1 Scope
grounding conductor shall be identified in accordance with 220.3 Application of Other Articles
250.119. 220.5 Calculations

(A) Voltages
(C) Ungrounded Conductors Where the premises wiring (B) Fractions of an Ampere
system has feeders supplied from more than one nominal II. Branch Circuit Load Calculations
voltage system, each ungrounded conductor of a feeder, 220.10 General
where accessible, shall be identified by system. The means 220.12 Lighting Load for Specified Occupancies
of identification shall be permitted to be by separate color 220.14 Other Loads — All Occupancies
coding, marking tape, tagging, or other approved means and (A) Specific Appliances or Loads
shall be permanently posted at each feeder panelboard or (B) Electric Dryers and Household Electric
similar feeder distribution equipment. Cooking Appliances

(C) Motor Loads
(D) Luminaires (Lighting Fixtures)Parallel with the new requirement for ungrounded branch

circuit conductors in 210.5(C), 215.12(C) requires identifica- (E) Heavy-Duty Lampholders
(F) Sign and Outline Lightingtion of ungrounded feeder conductors where there is more
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220.1 Article 220 — Branch-Circuit, Feeder, and Service Calculations

(G) Show Windows 220.84 Multifamily Dwelling
(A) Feeder or Service Load(H) Fixed Multioutlet Assemblies

(I) Receptacle Outlets (B) House Loads
(C) Connected Loads(J) Dwelling Occupancies

(K) Banks and Office Buildings 220.85 Two Dwelling Units
220.86 Schools(L) Other Outlets

220.16 Loads for Additions to Existing 220.87 Determining Existing Loads
220.88 New RestaurantsInstallations

(A) Dwelling Units V. Farm Load Calculation
220.100 General(B) Other Than Dwelling Units

220.18 Maximum Loads 220.102 Farm Loads — Buildings and Other Loads
(A) Dwelling Unit(A) Motor-Operated and Combination Loads

(B) Inductive Lighting Loads (B) Other Than Dwelling Unit
220.103 Farm Loads — Total(C) Range Loads

III. Feeder and Service Load Calculations
220.40 General

I. General220.42 General Lighting
220.43 Show-Window and Track Lighting 220.1 Scope

(A) Show Windows
This article provides requirements for calculating branch-(B) Track Lighting
circuit, feeder, and service loads. Part I provides for general220.44 Receptacle Loads — Other Than Dwelling
requirements for calculation methods. Part II provides calcu-Units
lation methods for branch circuit loads. Parts III and IV220.50 Motors
provide calculation methods for feeders and services. Part220.51 Fixed Electric Space Heating
V provides calculation methods for farms.220.52 Small Appliance and Laundry Loads —

Dwelling Unit
Article 220 contains requirements for calculating branch-(A) Small Appliance Circuit Load
circuit, feeder, and service loads. Revised for the 2005 Code(B) Laundry Circuit Load
to provide better organization of the calculation rules,Article220.53 Appliance Load — Dwelling Unit(s)
220 now contains a new Part I with general requirements,220.54 Electric Clothes Dryers — Dwelling Unit(s)
and Parts II through V contain the calculation requirements220.55 Electric Ranges and Other Cooking
for branch circuits, feeders, services, and farm loads. TheAppliances — Dwelling Unit(s)
organization chart of the revised Article 220 is shown in220.56 Kitchen Equipment — Other Than Dwelling
Figure 220.1. Although Article 220 does not contain theUnit(s)
requirements for determining the minimum number of220.60 Noncoincident Loads
branch circuits, the loads calculated in accordance with this220.61 Feeder or Service Neutral Load
article are used in conjunction with the rules of 210.11 to(A) Basic Calculation
determine how many branch circuits are needed at a prem-(B) Permitted Reductions
ises. A global change in the 2005 Code is use of the word(C) Prohibited Reductions
calculate (or a derivative thereof) consistently in all loadIV. Optional Feeder and Service Load Calculations
calculation requirements. Table 220.3, which is new in the220.80 General
2005 Code, identifies other articles and sections with load220.82 Dwelling Unit
calculation requirements.(A) Feeder and Service Load

(B) General Loads
(C) Heating and Air-Conditioning Load

FPN: See Figure 220.1 for information on the organiza-220.83 Existing Dwelling Unit
tion of Article 220.

(A) Where Additional Air-Conditioning
Equipment or Electric Space-Heating 220.3 Application of Other Articles
Equipment Is Not to Be Installed

In other articles applying to the calculation of loads in spe-(B) Where Additional Air-Conditioning
cialized applications, there are requirements provided inEquipment or Electric Space-Heating
Table 220.3 that are in addition to, or modifications of, thoseEquipment Is to Be Installed
within this article.
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220.5Article 220 — Branch-Circuit, Feeder, and Service Calculations

220.5 Calculations
(A) Voltages Unless other voltages are specified, for pur-
poses of calculating branch-circuit and feeder loads, nominal
system voltages of 120, 120/240, 208Y/120, 240, 347, 480Y/
277, 480, 600Y/347, and 600 volts shall be used.

(B) Fractions of an Ampere Where calculations result in
a fraction of an ampere that is less than 0.5, such fractions
shall be permitted to be dropped.

For uniform calculation of load, nominal voltages, as listed
in 220.5(A), are required to be used in computing the ampere
load on the conductors. To select conductor sizes, refer to
310.15(A) and 310.15(B).

Loads are computed on the basis of volt-amperes (VA)
or kilovolt-amperes (kVA), rather than watts or kilowatts

220.61
Neutral
Loads

Part I General

Part III
Feeder and
service load
calculations

Part II Branch circuit load calculations

Part V Farm load calculations

Part IV
Optional 

feeder and 
service load 
calculations

Farm dwellings
only

Farm dwellings
only

(kW), to calculate the true ampere values. However, the
rating of equipment is given in watts or kilowatts for nonin-Figure 220.1 Branch-Circuit, Feeder, and Service Calculation
ductive loads. Such ratings are considered to be the equiva-Methods
lent of the same rating in volt-amperes or kilovolt-amperes.

Table 220.3 Additional Load Calculation References

Calculation Article Section (or Part)

Air-Conditioning and Refrigerating Equipment, Branch-Circuit Conductor Sizing 440 Part IV
Cranes and Hoists, Rating and Size of Conductors 610 610.14
Electric Welders, ampacity calculations 630 630.11, 630.31
Electrically Driven or Controlled Irrigation Machines 675 675.7(A), 675.22(A)
Electrolytic Cell Lines 668 668.3(C)
Electroplating, Branch-Circuit Conductor Sizing 669 669.5
Elevator Feeder Demand Factors 620 620.14
Fire Pumps, Voltage Drop (mandatory calculation) 695 695.7
Fixed Electric Heating Equipment for Pipelines and Vessels, Branch-Circuit Sizing 427 427.4
Fixed Electric Space Heating Equipment, Branch-Circuit Sizing 424 424.3
Fixed Outdoor Electric Deicing and Snow-Melting Equipment, Branch-Circuit Sizing 426 426.4
Industrial Machinery, Supply Conductor Sizing 670 670.4(A)
Marinas and Boatyards, Feeder and Service Load Calculations 555 555.12
Mobile Homes, Manufactured Homes, and Mobile Home Parks, Total Load for Determining Power Supply 550 550.18(B)
Mobile Homes, Manufactured Homes, and Mobile Home Parks, Allowable Demand Factors for Park 550 550.31

Electrical Wiring Systems
Motion Picture and Television Studios and Similar Locations – Sizing of Feeder Conductors for Television 530 530.19

Studio Sets
Motors, Feeder Demand Factor 430 430.26
Motors, Multimotor and Combination-Load Equipment 430 430.25
Motors, Several Motors or a Motor(s) and Other Load(s) 430 430.24
Over 600 Volt Branch Circuit Calculations 210 210.19(B)
Over 600 Volt Feeder Calculations 215 215.2(B)
Phase Converters, Conductors 455 455.6
Recreational Vehicle Parks, Basis of Calculations 551 551.73(A)
Sensitive Electrical Equipment, Voltage Drop (mandatory calculation) 647 647.4(D)
Solar Photovoltaic Systems, Circuit Sizing and Current 690 690.8
Storage-Type Water Heaters 422 422.11(E)
Theaters, Stage Switchboard Feeders 520 520.27
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220.10 Article 220 — Branch-Circuit, Feeder, and Service Calculations

Table 220.12 General Lighting Loads by OccupancySee, for example, 220.55. This concept recognizes that load
calculations determine conductor and circuit sizes, that the

Unit Loadpower factor of the load is often unknown, and that the
conductor ‘‘sees’’ the circuit volt-amperes only, not the cir- Volt-Amperes Volt-Amperes
cuit power (watts). per Square per Square

Type of Occupancy Meter FootSee Examples D1(a) through D5(b) in Annex D. The
results of these examples are generally expressed in amperes.

Armories and auditoriums 11 1Unless the computations result in a major fraction of an
Banks 39b 31⁄2b

ampere (0.5 or larger), such fractions (less than 0.5) may Barber shops and beauty 33 3
be dropped, in accordance with 220.5(B). parlors

Churches 11 1
Clubs 22 2
Court rooms 22 2II. Branch Circuit Load Calculations
Dwelling unitsa 33 3
Garages — commercial 6 1⁄2220.10 General

(storage)Branch-circuit loads shall be calculated as shown in 220.12, Hospitals 22 2
220.14, and 220.16. Hotels and motels, including 22 2

apartment houses without
provision for cooking by220.12 Lighting Load for Specified Occupancies
tenantsa

A unit load of not less than that specified in Table 220.12 for Industrial commercial (loft) 22 2
occupancies specified therein shall constitute the minimum buildings

Lodge rooms 17 11⁄2lighting load. The floor area for each floor shall be calculated
Office buildings 39b 31⁄2b

from the outside dimensions of the building, dwelling unit,
Restaurants 22 2

or other area involved. For dwelling units, the calculated Schools 33 3
floor area shall not include open porches, garages, or unused Stores 33 3
or unfinished spaces not adaptable for future use. Warehouses (storage) 3 1⁄4

In any of the preceding
FPN: The unit values herein are based on minimum load occupancies except one-
conditions and 100 percent power factor and may not family dwellings and
provide sufficient capacity for the installation contem- individual dwelling units
plated. of two-family and

multifamily dwellings:
Assembly halls and 11 1

General lighting loads determined by 220.12 are in fact auditoriums
minimum lighting loads, and there are no exceptions to these Halls, corridors, closets, 6 1⁄2
requirements. Therefore, energy saving–type calculations stairways

Storage spaces 3 1⁄4are not permitted to be used to determine the minimum
calculated lighting load if they produce loads less than the aSee 220.14(J).
load calculated according to 220.12. On the other hand, bSee 220.14(K).
energy saving–type calculations can be a useful tool to re-
duce the connected lighting load and actual power consump-

(A) Specific Appliances or Loads An outlet for a specifiction.
appliance or other load not covered in 220.14(B) throughExamples of unused or unfinished spaces for dwelling
(L) shall be calculated based on the ampere rating of theunits are some attics, cellars, and crawl spaces.
appliance or load served.

(B) Electric Dryers and Household Electric Cooking220.14 Other Loads — All Occupancies
Appliances Load calculations shall be permitted as speci-

In all occupancies, the minimum load for each outlet for fied in 220.54 for electric dryers and in 220.55 for electric
general-use receptacles and outlets not used for general illu- ranges and other cooking appliances.
mination shall not be less than that calculated in 220.14(A)

(C) Motor Loads Outlets for motor loads shall be calcu-through (L), the loads shown being based on nominal branch-
lated in accordance with the requirements in 430.22, 430.24,circuit voltages.
and 440.6.

Exception: The loads of outlets serving switchboards and
switching frames in telephone exchanges shall be waived (D) Luminaires (Lighting Fixtures) An outlet supplying

luminaire(s) [lighting fixture(s)] shall be calculated basedfrom the calculations.
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220.14Article 220 — Branch-Circuit, Feeder, and Service Calculations

on the maximum volt-ampere rating of the equipment and
lamps for which the luminaire(s) [fixture(s)] is rated.

In general, no additional calculation is required for lumi-
naires (recessed and surface mounted) installed in or on a
dwelling unit, because the load of such luminaires is covered
in the 3 volt-amperes per square foot calculation specified
by Table 220.12. Where the rating of the luminaires installed
for general lighting exceeds the minimum load provided for
in Table 220.12, the minimum general lighting load for
that premises is to be based on the installed luminaires.
Distinguishing between the luminaires installed for general
lighting versus those installed for accent, specialty or display

10 ft

200 VA per linear ft  x 10 ft = 2000 VA

lighting is much easier to delineate in commercial (particu-
larly mercantile) occupancies. Exhibit 220.1 An example of the linear-foot load calculation for

branch circuits serving a show window.

(E) Heavy-Duty Lampholders Outlets for heavy-duty
lampholders shall be calculated at a minimum of 600 volt-

section, the calculation shall be permitted to be based onamperes.
the portion that contains receptacle outlets.

(F) Sign and Outline Lighting Sign and outline lighting
(1) Where appliances are unlikely to be used simultane-

outlets shall be calculated at a minimum of 1200 volt-
ously, each 1.5 m (5 ft) or fraction thereof of each

amperes for each required branch circuit specified in
separate and continuous length shall be considered as

600.5(A).
one outlet of not less than 180 volt-amperes.

(2) Where appliances are likely to be used simultaneously,
Section 220.14(F) assigns 1200 volt-amperes as a minimum each 300 mm (1 ft) or fraction thereof shall be consid-
circuit load for the signs and outline lighting outlets required ered as an outlet of not less than 180 volt-amperes.
by 600.5(A). If the specific load is known to be larger, then,
according to 220.14, the actual load is used for calculation

Fixed multioutlet assemblies are commonly used in commer-
purposes.

cial and industrial locations. The use of multioutlet assem-
blies is divided into two broad areas. The first area of use
is light use, which means that not all the cord-connected(G) Show Windows Show windows shall be calculated in
equipment is expected to be used at the same time, as notedaccordance with either of the following:
in 220.14(H)(1). An example of light use is a workbench

(1) The unit load per outlet as required in other provisions area where one worker uses one electrical tool at a time.
of this section The second area of use is heavy use, which is characterized

(2) At 200 volt-amperes per 300 mm (1 ft) of show window by all the cord-connected equipment generally operating at
the same time, as noted in 220.14(H)(2). An example of

The following two options are permitted for the load calcula- heavy use is a retail outlet displaying television sets, where
tions for branch circuits serving show windows: most, if not all, sets are operating simultaneously.

As shown in Exhibit 220.2, the requirement of1. 180 volt-amperes per receptacle according to 210.62,
220.14(H)(1) states that each 5 ft of a fixed multioutletwhich requires one receptacle per 12 linear ft
assembly must be considered as one outlet rated 180 volt-2. 200 volt-amperes per linear foot of show-window space
amperes. The requirement of 220.14(H)(2) states that where
appliances are likely to be used simultaneously, each footAs shown in Exhibit 220.1, the linear-foot calculation
of multioutlet assembly is to be considered as one outletmethod is permitted in lieu of the specified unit load per
rated 180 volt-amperes.outlet for branch circuits serving show windows.

(I) Receptacle Outlets Except as covered in 220.14(J) and(H) Fixed Multioutlet Assemblies Fixed multioutlet as-
semblies used in other than dwelling units or the guest rooms (K), receptacle outlets shall be calculated at not less than

180 volt-amperes for each single or for each multiple recepta-or guest suites of hotels or motels shall be calculated in
accordance with (H)(1) or (H)(2). For the purposes of this cle on one yoke. A single piece of equipment consisting of
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220.14 Article 220 — Branch-Circuit, Feeder, and Service Calculations

Nonsimultaneous use: Each 5 ft rated 180 VA

Simultaneous use: Each 1 ft rated 180 VA
5 ft x 180 VA/ft = 900 VA

5 ft

5 ft

180-VA
outlet

180-VA
outlet

180-VA
outlet

360-VA
outlet

360-VA
outlet

Exhibit 220.2 The requirements of 220.14(H)(1) and (H)(2) as Exhibit 220.3 The load requirement of 180 volt-amperes per
applied to fixed multioutlet assemblies. 220.14(I) as applied to single- and multiple-receptacle outlets on

single straps and the load of 360 volt-amperes applied to each
receptacle that consists of four receptacles.

a multiple receptacle comprised of four or more receptacles
shall be calculated at not less than 90 volt-amperes per

A load of 180 volt-amperes is not required to be consid-receptacle. This provision shall not be applicable to the
ered for outlets supplying recessed lighting fixtures, lightingreceptacle outlets specified in 210.11(C)(1) and (C)(2).
outlets for general illumination, and small-appliance branch
circuits. To apply the requirement of 180 volt-amperes in

As illustrated in Exhibit 220.3, the load of 180 volt-amperes those cases would be unrealistic, because it would unneces-
is applied to single and multiple receptacles mounted on a sarily restrict the number of lighting or receptacle outlets
single yoke or strap, and a load of 360 volt-amperes is on branch circuits in dwelling units. See the note below
applied to each receptacle that consists of four receptacles. Table 220.12 that references 220.14(J). This note indicates
These are considered receptacle outlets, in accordance with that the requirement of 180 volt-amperes does not apply to
220.14(I). The receptacle outlets are not the lighting outlets most receptacle outlets in dwellings.
installed for general illumination or the small-appliance In Exhibit 220.4, the maximum number of outlets per-
branch circuits, as indicated in 220.14(J). The receptacle mitted on 15- and 20-ampere branch circuits is 10 and 13
load for outlets for general illumination in one- and two-
family and multifamily dwellings and in guest rooms of
hotels and motels is included in the general lighting load
value assigned by Table 220.12. The load requirement for
the small-appliance branch circuits is 1500 volt-amperes per
circuit, as described in 220.52(A).

Note in Exhibit 220.3 that the last outlet of the top
circuit consists of two duplex receptacles on separate straps.
That outlet is calculated at 360 volt-amperes because each
duplex receptacle is on one yoke. The multiple receptacle
supplied from the bottom circuit in the exhibit, which com-
prises four receptacles, is calculated at 90 volt-amperes per
receptacle (4 � 90 VA � 360 VA). For example, single-strap
and multiple-receptacle devices are calculated as follows:

Device Computed Load

Duplex receptacle 180 VA

10 outlets on a 15-A receptacle circuit

13 outlets on a 20-A receptacle circuit

15

20

Triplex receptacle 180 VA
Double duplex receptacle 360 VA (180 � 2) Exhibit 220.4 Maximum number of outlets permitted on 15- and

20-ampere branch circuits.Quad or four-plex-type receptacle 360 VA (90 � 4)
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220.40Article 220 — Branch-Circuit, Feeder, and Service Calculations

apply. Where a circuit supplies only air-conditioning equip-outlets, respectively. This restriction does not apply to outlets
ment, refrigerating equipment, or both, Article 440 shallconnected to general lighting or small-appliance branch cir-
apply. For circuits supplying loads consisting of motor-cuits in dwelling units.
operated utilization equipment that is fastened in place and
has a motor larger than 1⁄8hp in combination with other loads,
the total calculated load shall be based on 125 percent of(J) Dwelling Occupancies In one-family, two-family, and
the largest motor load plus the sum of the other loads.multifamily dwellings and in guest rooms or guest suites of

hotels and motels, the outlets specified in (J)(1), (J)(2), and
(B) Inductive Lighting Loads For circuits supplying light-(J)(3) are included in the general lighting load calculations
ing units that have ballasts, transformers, or autotransform-of 220.12. No additional load calculations shall be required
ers, the calculated load shall be based on the total amperefor such outlets.
ratings of such units and not on the total watts of the lamps.

(1) All general-use receptacle outlets of 20-ampere rating
(C) Range Loads It shall be permissible to apply demandor less, including receptacles connected to the circuits
factors for range loads in accordance with Table 220.55,in 210.11(C)(3)
including Note 4.(2) The receptacle outlets specified in 210.52(E) and (G)

(3) The lighting outlets specified in 210.70(A) and (B)
III. Feeder and Service Load

(K) Banks and Office Buildings In banks or office build- Calculations
ings, the receptacle loads shall be calculated to be the larger

220.40 Generalof (1) or (2):

The calculated load of a feeder or service shall not be less(1) The computed load from 220.14(I)
than the sum of the loads on the branch circuits supplied,(2) 11 volt-amperes/m2 or 1 volt-ampere/ft2
as determined by Part II of this article, after any applicable
demand factors permitted by Parts III or IV or required by(L) Other Outlets Other outlets not covered in 220.14(A)
Part V have been applied.through (K) shall be calculated based on 180 volt-amperes

per outlet.
FPN: See Examples D1(A) through D10 in Annex D.
See 220.18(B) for the maximum load in amperes permit-

220.16 Loads for Additions to Existing ted for lighting units operating at less than 100 percent
power factor.Installations

(A) Dwelling Units Loads added to an existing dwelling
In the example shown in Exhibit 220.5, each panel servesunit(s) shall comply with the following as applicable:
a computed load of 80 amperes. The main feeder is sized

(1) Loads for structural additions to an existing dwelling to carry the total computed load of 240 amperes (3 � 80
unit or for a previously unwired portion of an existing
dwelling unit, either of which exceeds 46.5 m2 (500
ft2), shall be calculated in accordance with 220.12 and
220.14.

(2) Loads for new circuits or extended circuits in previously
wired dwelling units shall be calculated in accordance
with either 220.12 or 220.14, as applicable.

(B) Other Than Dwelling Units Loads for new circuits
or extended circuits in other than dwelling units shall be
calculated in accordance with either 220.12 or 220.14, as
applicable.

220.18 Maximum Loads
The total load shall not exceed the rating of the branch
circuit, and it shall not exceed the maximum loads specified
in 220.18(A) through (C) under the conditions specified

100-A
panel

100-A
panel

100-A
panel

Main feeder
(250 kcmil, THWN Cu)

Feeder tap conductors 
from meters 
(2 AWG, THWN Cu)

Meter enclosure

250 A

therein.
Exhibit 220.5 Feeder conductors sized in accordance with

(A) Motor-Operated and Combination Loads Where a 220.40.
circuit supplies only motor-operated loads, Article 430 shall
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220.40 Article 220 — Branch-Circuit, Feeder, and Service Calculations

amperes). The feeder tap conductors from the meter enclo- Feeder size
(before derating)

�
125% of continuous load
� noncontinuous loadsure to the panelboards are sized to supply a computed load

of 80 amperes. The main feeder is not intended to be sized
� (200 A � 1.25) � 125 A

to carry 300 amperes based on the sum of the panelboards.
See Exhibit 230.13 for a similar example for service � 250 A � 125 A

conductors. The ungrounded service conductors are no
� 375 A

longer required to be sized for the sum of the main overcur-
rent device rating of 300 amperes. Service conductors are Using Table 310.16 and using the 75�C column (because of
required to have sufficient ampacity to carry the loads calcu- the overcurrent device terminal), the minimum-size Type
lated in accordance with Article 220, with the appropriate THWN copper conductor that can supply a calculated load
demand factors applied. See 230.23, 230.31, and 230.42 for of 375 amperes is 500-kcmil copper, which has an ampacity
specifics on size and rating of service conductors. of 380 amperes.

Part III of Article 220 contains the requirements for
STEP 3. Apply the derating factors to the feeder conductorcalculating feeder and service loads. Part IV provides op-
size. Section 310.15(B)(4)(c) requires that the neutral con-tional methods for calculating feeder and service loads in
ductor be counted as a current-carrying conductor becausedwelling units and multifamily dwellings.
a major portion of the load consists of fluorescent and high-Except as permitted in 240.4 and 240.6, the rating of
intensity discharge (HID) luminaires. Therefore, this feederthe overcurrent device cannot exceed the final ampacity of
circuit consists of four current-carrying conductors in thethe circuit conductors after all the correction and adjustment
same raceway. Section 310.15(B)(2) requires an 80-percentfactors have been applied, such as where the ambient temper-
adjustment factor for four current-carrying conductors inature, the number of current-carrying conductors, or both
the same raceway. According to Table 310.16, 500-kcmil,exceed the parameters on which the allowable ampacity
Type THWN conductors have an ampacity of 380 amperes.table values are based.
The adjustment factors are applied to this ampacity as

Example follows:
Determine the minimum-size overcurrent protective device

Adjusted ampacity � Table ampacity � adjustment factor(OCPD) and the minimum conductor size for a feeder circuit
� 380 A � 0.80with the following characteristics:
� 304 A

• 3-phase, 4-wire feeder (full-size neutral)
According to 240.4(B) and 240.6(A), a conductor with a• 125-ampere noncontinuous load
calculated ampacity of 304 amperes is not permitted to be• 200-ampere continuous load
protected by a 400-ampere OCPD. Therefore, the 500-kcmil,• 75�C overcurrent device terminal rating
Type THWN copper conductor cannot be used.• Type THWN insulated conductors

• Four current-carrying conductors in a raceway STEP 4. Revise the feeder conductor selection and perform
• A load the majority of which is nonlinear a check. The next standard-size conductor listed in Table

310.16 is a 600-kcmil copper conductor in the 90�C column.Solution
If higher-temperature insulations are used, adjustment fac-STEP 1. Select the feeder OCPD rating by first totaling the
tors can be applied to the higher ampacity. Because Typecontinuous and noncontinuous loads according to 215.3:
THWN is a 75�C insulation, a 90�C Type THHN is selected.
If a 600-kcmil Type THHN copper conductor is used, per-OCPD rating � 125% of continuous load

� noncontinuous load form the check as follows. According to Table 310.16, a
600-kcmil conductor has an ampacity of 475 amperes in the� (200 A � 1.25) � 125 A
Type THHN 90�C column:

� 250 A � 125 A
Adjusted ampacity � table ampacity � adjustment factor

� 375 A
� 475 A � 0.80
� 380 AUsing 240.4(B) and 240.6(A), adjust the minimum standard-

size OCPD to 400 amperes. A conductor with a calculated ampacity of 380 amperes
is allowed to be protected by a 400-ampere OCPD, in accor-STEP 2. Select the feeder conductor size before derating

by first summing the continuous and noncontinuous loads dance with 240.4(B). However, because the OCPD termina-
tions are rated 75�C, the load current cannot exceed theaccording to 215.2(A)(1).
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220.44Article 220 — Branch-Circuit, Feeder, and Service Calculations

ampacity of a 600-kcmil conductor in the 75�C column of The calculation of 200 volt-amperes for each linear foot of
Table 310.16, which has a value of 420 amperes. a show window is required to determine the feeder load.

See the commentary following 220.14(G) for load calcula-STEP 5. Evaluate the circuit. The calculation in Step 4 results
tions for branch circuits in show windows.in four 600-kcmil Type THHN copper conductors in one

raceway, each with an ampacity of 380 amperes, supplying a
375-ampere continuous load and protected by a 400-ampere
OCPD. It is important to note here that a 90�C, 600-kcmil (B) Track Lighting For track lighting in other than dwell-
copper conductor with a final calculated ampacity of 380 ing units or guest rooms or guest suites of hotels or motels,
amperes is permitted to terminate on a 75�C-rated terminal, an additional load of 150 volt-amperes shall be included for
according to 110.14(C)(1)(b)(2). every 600 mm (2 ft) of lighting track or fraction thereof.

Where multicircuit track is installed, the load shall be consid-
ered to be divided equally between the track circuits.

220.42 General Lighting
The demand factors specified in Table 220.42 shall apply Example
to that portion of the total branch-circuit load calculated for

A lighting plan shows 62.5 linear ft of single-circuit track
general illumination. They shall not be applied in determin-

lighting for a small department store featuring clothing. Be-
ing the number of branch circuits for general illumination.

cause the actual track lighting fixtures are owner supplied,
neither the quantity of track lighting fixtures nor the lamp
size is specified. What is the minimum calculated load asso-Table 220.42 Lighting Load Demand Factors
ciated with the track lighting that must be added to the

Portion of Lighting Load Demand service or feeder supplying this store?
to Which Demand Factor Factor

Type of Occupancy Applies (Volt-Amperes) (Percent) Solution

According to 220.43(B), the minimum calculated load to be
Dwelling units First 3000 or less at 100

added to the service or feeder supplying this track lightFrom 3001 to 120,000 at 35
installation is calculated as follows:Remainder over 120,000 at 25

Hospitals* First 50,000 or less at 40 62.5 ft
2 ft

� 31.25, rounded up to 32
Remainder over 50,000 at 20

32 � 150 VA � 4800 VA
Hotels and motels, First 20,000 or less at 50

including apartment From 20,001 to 100,000 at 40 Thus, the minimum load that must be added to the service
houses without Remainder over 100,000 at 30

or feeder calculation is 4800 volt-amperes.provision for
It is important to note that the branch circuits supplyingcooking by tenants*

this installation are covered in 410.101(B). For the track
Warehouses (storage) First 12,500 or less at 100 lighting branch-circuit load, the maximum load on the track

Remainder over 12,500 at 50 cannot exceed the rating of the branch circuit supplying the
track. Also, the track must be supplied by a branch circuitAll others Total volt-amperes 100
that has a rating not exceeding the rating of the track. The

*The demand factors of this table shall not apply to the calculated track length does not enter into the branch-circuit calculation.
load of feeders or services supplying areas in hospitals, hotels, and Section 220.43(B) is not intended to limit the number
motels where the entire lighting is likely to be used at one time, as in

of feet of track on a single branch circuit, nor is it intendedoperating rooms, ballrooms, or dining rooms.
to limit the number of fixtures on an individual track. Rather,
220.43(B) is meant to be used solely for load calculations
of feeders and services.

220.43 Show-Window and Track Lighting
(A) Show Windows For show-window lighting, a load of
not less than 660 volt-amperes/linear meter or 200 volt- 220.44 Receptacle Loads — Other Than
amperes/linear foot shall be included for a show window, Dwelling Units
measured horizontally along its base.

Receptacle loads calculated in accordance with 220.14(H)
and (I) shall be permitted to be made subject to the demandFPN: See 220.14(G) for branch circuits supplying show

windows. factors given in Table 220.42 or Table 220.44.
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220.50 Article 220 — Branch-Circuit, Feeder, and Service Calculations

Table 220.44 Demand Factors for Non-dwelling See the commentary following 210.52(B) regarding requiredReceptacle Loads
receptacle outlets for small-appliance branch circuits.

Portion of Receptacle Load to Which
Demand Factor Applies Demand Factor

(Volt-Amperes) (Percent) (B) Laundry Circuit Load A load of not less than 1500
volt-amperes shall be included for each 2-wire laundry

First 10 kVA or less at 100
branch circuit installed as required by 210.11(C)(2). ThisRemainder over 10 kVA at 50
load shall be permitted to be included with the general light-
ing load and subjected to the demand factors provided in
Table 220.42.

Section 220.44 permits receptacle loads, calculated at not
more than 180 volt-amperes per strap, to be computed by

In each dwelling unit, the feeder load is required to beeither of the following methods:
calculated at 1500 volt-amperes for each of the two or more

1. The receptacle loads are added to the lighting load. The (2-wire) small-appliance branch circuits and at 1500 volt-
demand factors (if applicable) in Table 220.12 are then amperes for each (2-wire) laundry branch circuit. Where
applied to the combined load. additional small-appliance and laundry branch circuits are

2. The receptacle loads are calculated (without the lighting provided, they also are calculated at 1500 volt-amperes per
load) with demand factors from Table 220.44 applied. circuit. These loads are permitted to be totaled and then

added to the general lighting load. The demand factors in
Table 220.42 can then be applied to the combined total load

220.50 Motors of the small-appliance branch circuits, the laundry branch
circuit, and the general lighting from Table 220.12.Motor loads shall be calculated in accordance with 430.24,

430.25, and 430.26 and with 440.6 for hermetic refrigerant
motor compressors.

220.53 Appliance Load — Dwelling Unit(s)
220.51 Fixed Electric Space Heating

It shall be permissible to apply a demand factor of 75 percent
Fixed electric space heating loads shall be calculated at 100 to the nameplate rating load of four or more appliances
percent of the total connected load. However, in no case fastened in place, other than electric ranges, clothes dryers,
shall a feeder or service load current rating be less than the space-heating equipment, or air-conditioning equipment,
rating of the largest branch circuit supplied. that are served by the same feeder or service in a one-family,

two-family, or multifamily dwelling.Exception: Where reduced loading of the conductors results
from units operating on duty-cycle, intermittently, or from
all units not operating at the same time, the authority having For appliances fastened in place (other than ranges, clothes
jurisdiction may grant permission for feeder and service dryers, and space-heating and air-conditioning equipment),
conductors to have an ampacity less than 100 percent, pro- feeder capacity must be provided for the sum of these loads;
vided the conductors have an ampacity for the load so deter- for a total load of four or more such appliances, a demand
mined. factor of 75 percent may be applied. See Table 430.248 for

the full-load current, in amperes, for single-phase ac motors,
220.52 Small Appliance and Laundry Loads — in accordance with 220.50.
Dwelling Unit

Example(A) Small Appliance Circuit Load In each dwelling unit,
Determine the feeder capacity needed for a 120/240-voltthe load shall be calculated at 1500 volt-amperes for each
fastened-in-place appliance load in a dwelling unit for the2-wire small-appliance branch circuit required by
following:210.11(C)(1). Where the load is subdivided through two or

more feeders, the calculated load for each shall include not
Appliance Rating Load

less than 1500 volt-amperes for each 2-wire small-appliance
Water heater 4000 W, 240 V 4000 VA

branch circuit. These loads shall be permitted to be included
Kitchen disposal 1/2 hp, 120 V 1176 VA

with the general lighting load and subjected to the demand
Dishwasher 1200 W, 120 V 1200 VAfactors provided in Table 220.42.
Furnace motor 1/4 hp, 120 V 696 VA

Exception: The individual branch circuit permitted by Attic fan 1/4 hp, 120 V 696 VA
210.52(B)(1), Exception No. 2, shall be permitted to be Water pump 1/2 hp, 240 V 1176 VA
excluded from the calculation required by 220.52.
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220.61Article 220 — Branch-Circuit, Feeder, and Service Calculations

Solution 3-phase, 4-wire feeder or service, the total load shall be
calculated on the basis of twice the maximum number con-STEP 1. Calculate the total of the six fastened-in-place appli-
nected between any two phases.ances:

220.55 Electric Ranges and Other CookingTotal load � 4000 VA � 1176 VA � 1200 VA
Appliances — Dwelling Unit(s)

� 697 VA � 696 VA � 1176 VA
The load for household electric ranges, wall-mounted ovens,

� 8944 VA counter-mounted cooking units, and other household cook-
ing appliances individually rated in excess of 13⁄4 kW shall beSTEP 2. Because the load is for more than four appliances,
permitted to be calculated in accordance with Table 220.55.apply a demand factor of 75 percent:
Kilovolt-amperes (kVA) shall be considered equivalent to

8944 VA � 0.75 � 6708 VA kilowatts (kW) for loads calculated under this section.
Where two or more single-phase ranges are supplied

Thus, 6708 volt-amperes is the load to be added to the other
by a 3-phase, 4-wire feeder or service, the total load shall

determined loads for calculating the size of service and
be calculated on the basis of twice the maximum number

feeder conductors.
connected between any two phases.

FPN No. 1: See Example D5(A) in Annex D.
FPN No. 2: See Table 220.56 for commercial cooking220.54 Electric Clothes Dryers —
equipment.

Dwelling Unit(s) FPN No. 3: See the examples in Annex D.
The load for household electric clothes dryers in a dwelling

220.56 Kitchen Equipment — Other Thanunit(s) shall be either 5000 watts (volt-amperes) or the name-
Dwelling Unit(s)plate rating, whichever is larger, for each dryer served. The

use of the demand factors in Table 220.54 shall be permitted. It shall be permissible to calculate the load for commercial
Where two or more single-phase dryers are supplied by a electric cooking equipment, dishwasher booster heaters,

water heaters, and other kitchen equipment in accordance
with Table 220.56. These demand factors shall be applied

Table 220.54 Demand Factors for Household Electric
to all equipment that has either thermostatic control or inter-Clothes Dryers
mittent use as kitchen equipment. These demand factors shall
not apply to space-heating, ventilating, or air-conditioningNumber of
equipment.Dryers Demand Factor(Percent)

However, in no case shall the feeder or service calcu-
1–4 100% lated load be less than the sum of the largest two kitchen
5 85% equipment loads.
6 75%
7 65% 220.60 Noncoincident Loads8 60%
9 55% Where it is unlikely that two or more noncoincident loads
10 50% will be in use simultaneously, it shall be permissible to use
11 47% only the largest load(s) that will be used at one time for12–22 % � 47 � (number of dryers � 11)

calculating the total load of a feeder or service.
23 35%

220.61 Feeder or Service Neutral Load
24–42 % � 35 � [0.5 � (number of dryers � 23)] (A) Basic Calculation The feeder or service neutral load

shall be the maximum unbalance of the load determined by43 and over 25%
this article. The maximum unbalanced load shall be the
maximum net calculated load between the neutral and any
one ungrounded conductor.The exact method of calculation presented in Table 220.54

was revised in the 2002 Code to produce a more accurate Exception: For 3-wire, 2-phase or 5-wire, 2-phase systems,
load for all quantities of dryers. To calculate the load of the maximum unbalanced load shall be the maximum net
household electric dryers, 220.54 specifies a minimum de- calculated load between the neutral and any one ungrounded
mand of 5 kVA for the calculation of feeder conductors. If conductor multiplied by 140 percent.
the nameplate rating is known and exceeds 5 kW, the larger

(B) Permitted Reductions A service or feeder supplyingrating is applied.
the following loads shall be permitted to have an additional
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220.61 Article 220 — Branch-Circuit, Feeder, and Service Calculations

Table 220.55 Demand Factors and Loads for Household Electric Ranges, Wall-Mounted Ovens,
Counter-Mounted Cooking Units, and Other Household Cooking Appliances over 13⁄4 kW Rating
(Column C to be used in all cases except as otherwise permitted in Note 3.)

Demand Factor (Percent) (See Notes)
Column C Maximum Demand

Column A (Less than 31⁄2 Column B (31⁄2 kW to 83⁄4 (kW) (See Notes) (Not over 12
Number of Appliances kW Rating) kW Rating) kW Rating)

1 80 80 8
2 75 65 11
3 70 55 14
4 66 50 17
5 62 45 20

6 59 43 21
7 56 40 22
8 53 36 23
9 51 35 24

10 49 34 25

11 47 32 26
12 45 32 27
13 43 32 28
14 41 32 29
15 40 32 30

16 39 28 31
17 38 28 32
18 37 28 33
19 36 28 34
20 35 28 35

21 34 26 36
22 33 26 37
23 32 26 38
24 31 26 39
25 30 26 40

26–30 30 24 15 kW � 1 kW for each range
31–40 30 22

41–50 30 20 25 kW � 3⁄4 kW for each range
51–60 30 18

61 and over 30 16

1. Over 12 kW through 27 kW ranges all of same rating. For ranges individually rated more than 12 kW
but not more than 27 kW, the maximum demand in Column C shall be increased 5 percent for each
additional kilowatt of rating or major fraction thereof by which the rating of individual ranges exceeds
12 kW.

For household electric ranges and other cooking appliances, the size copper conductors with 60�C insulation would suffice. Note that
of the conductors must be determined by the rating of the range. 210.19(A)(3) does not permit the branch-circuit rating of a circuit
According to Table 220.55, for one range rated 12 kW or less, the supplying household ranges with a nameplate rating of 83⁄4 kW to be
maximum demand load is 8 kW (8 kVA per 220.55), and 8 AWG less than 40 amperes.

2. Over 83⁄4 kW through 27 kW ranges of unequal ratings. For ranges individually rated more than 83⁄4
kW and of different ratings, but none exceeding 27 kW, an average value of rating shall be calculated
by adding together the ratings of all ranges to obtain the total connected load (using 12 kW for any range
rated less than 12 kW) and dividing by the total number of ranges. Then the maximum demand in Column
C shall be increased 5 percent for each kilowatt or major fraction thereof by which this average value
exceeds 12 kW.
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220.61Article 220 — Branch-Circuit, Feeder, and Service Calculations

Table 220.55 Continued

Note 2 to Table 220.55 provides for ranges larger than 83⁄4 kW. Note
4 covers installations where the circuit supplies multiple cooking com-
ponents, which are combined and treated as a single range.

3. Over 13⁄4 kW through 83⁄4 kW. In lieu of the method provided in Column C, it shall be permissible to
add the nameplate ratings of all household cooking appliances rated more than 13⁄4 kW but not more than
83⁄4 kW and multiply the sum by the demand factors specified in Column A or B for the given number
of appliances. Where the rating of cooking appliances falls under both Column A and Column B, the
demand factors for each column shall be applied to the appliances for that column, and the results added
together.

The branch-circuit load for one range is permitted to be computed by STEP 2. According to Note 1 in Table 220.55, for ranges that are over
using either the nameplate rating of the appliance or Table 220.55. If 12 kW but not more than 27 kW, the maximum demand in
a single branch circuit supplies a counter-mounted cooking unit and Column C (8 kW) is increased 5 percent for each kW that exceeds 12
not more than two wall-mounted ovens, all of which are located in kW. Determine the additional kilowatts:
the same room, the nameplate ratings of these appliances can be added

Combined unit rating � 8 kW � 7 kW � 6 kWand the total treated as the equivalent of one range, according to Note
4 of Table 220.55. � 21 kW

Additional kW � 21 kW – 12 kW � 9 kWExample
STEP 3. Calculate by how much the maximum load in Column C inCalculate the load for a single branch circuit that supplies the following
Table 220.55 must be increased for the combined appliances:cooking units:

Increase � 5% per kW � 9 kW � 45%• One counter-mounted cooking unit with rating of 8 kW
� 0.45 � 8 kW � 3.6 kW• One wall-mounted oven with rating of 7 kW

• A second wall-mounted oven with rating of 6 kW STEP 4. Calculate the total load in amperes, as follows:

Total load � 8 kW � 3.6 kW � 11.6 kWSolution
� 11.6 kW � 11,600 W � 11,600 VA

STEP 1. The combined cooking appliances can be treated as one range,
according to Note 4 of Table 220.55. In Table 220.55, find the maximum �

11,600 VA
240Vdemand for one range not over 12 kW, which is 8 kW (from Column

C). � 48.3 A

4. Branch-Circuit Load. It shall be permissible to calculate the branch-circuit load for one range in
accordance with Table 220.55. The branch-circuit load for one wall-mounted oven or one counter-mounted
cooking unit shall be the nameplate rating of the appliance. The branch-circuit load for a counter-mounted
cooking unit and not more than two wall-mounted ovens, all supplied from a single branch circuit and
located in the same room, shall be calculated by adding the nameplate rating of the individual appliances
and treating this total as equivalent to one range.

5. This table also applies to household cooking appliances rated over 13⁄4 kW and used in instructional
programs.

The nameplate ratings of all household cooking appliances rated more The demand factors in the Code are based on the diversified use
than 13⁄4 kW but not more than 83⁄4 kW may be added and the sum of household appliances, because it is unlikely that all appliances will
multiplied by the demand factor specified in Column A or B of Table be used simultaneously or that all cooking units and the oven of a
220.55 for the given number of appliances. For feeder demand factors range will be at maximum heat for any length of time.
for other than dwelling units—that is, commercial electric cooking
equipment, dishwasher booster heaters, water heaters, and so on—see
Table 220.56.
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220.80 Article 220 — Branch-Circuit, Feeder, and Service Calculations

Table 220.56 Demand Factors for Kitchen Equipment — Other under specific conditions of use, and 220.61(C)(1) andThan Dwelling Unit(s)
220.61(C)(2) cite a circuit arrangement and a load character-
istic as applications where it is not permitted to reduce theNumber of Units of Demand Factor
capacity of a neutral or grounded conductor of a feeder orEquipment (Percent)
service.

1 100 If the system also supplies nonlinear loads such as elec-
2 100 tric-discharge lighting, including fluorescent and HID, or
3 90

data-processing or similar equipment, the neutral is consid-4 80
ered a current-carrying conductor if the load of the electric-5 70

6 and over 65 discharge lighting, data-processing, or similar equipment on
the feeder neutral consists of more than half the total load, in
accordance with 310.15(B)(4)(c). Electric-discharge lighting
and data-processing equipment may have harmonic currentsdemand factor of 70 percent applied to the amount in
in the neutral that may exceed the load current in the un-220.61(B)(1) or portion of the amount in 220.61(B)(2) deter-
grounded conductors. It would be appropriate to require amined by the basic calculation:
full-size or larger feeder neutral conductor, depending on

(1) A feeder or service supplying household electric ranges, the total harmonic distortion contributed by the equipment
wall-mounted ovens, counter-mounted cooking units, to be supplied (see 220.61, FPN No. 2).
and electric dryers, where the maximum unbalanced In some instances, the neutral current may exceed the
load has been determined in accordance with Table current in the phase conductors. See the commentary follow-
220.55 for ranges and Table 220.54 for dryers ing 310.15(B)(4)(c) regarding neutral conductor ampacity.

(2) That portion of the unbalanced load in excess of 200
amperes where the feeder or service is supplied from a

IV. Optional Feeder and Service3-wire dc or single-phase ac system, or a 4-wire, 3-phase;
3-wire, 2-phase system, or a 5-wire, 2-phase system Load Calculations

220.80 General(C) Prohibited Reductions There shall be no reduction of
the neutral or grounded conductor capacity applied to the Optional feeder and service load calculations shall be permit-
amount in 220.61(C)(1), or portion of the amount in (C)(2), ted in accordance with Part IV.
from that determined by the basic calculation:

220.82 Dwelling Unit(1) Any portion of a 3-wire circuit consisting of 2-phase
(A) Feeder and Service Load This section applies to awires and the neutral of a 4-wire, 3-phase, wye-
dwelling unit having the total connected load served by aconnected system
single 120/240-volt or 208Y/120-volt set of 3-wire service(2) That portion consisting of nonlinear loads supplied from
or feeder conductors with an ampacity of 100 or greater. Ita 4-wire, wye-connected, 3-phase system
shall be permissible to calculate the feeder and service loads

FPN No. 1: See Examples D1(A), D1(B), D2(B), D4(A), in accordance with this section instead of the method speci-
and D5(A) in Annex D.

fied in Part III of this article. The calculated load shall be
FPN No. 2: A 3-phase, 4-wire, wye-connected power

the result of adding the loads from 220.82(B) and (C). Feedersystem used to supply power to nonlinear loads may
and service-entrance conductors whose calculated load isnecessitate that the power system design allow for the

possibility of high harmonic neutral currents. determined by this optional calculation shall be permitted
to have the neutral load determined by 220.61.

Section 220.61, which describes the basis for calculating
the neutral load of feeders or services as the maximum The optional method given in 220.82 applies to a single

dwelling unit, whether it is a separate building or locatedunbalanced load that can occur between the neutral and any
other ungrounded conductor, has been revised for the 2005 in a multifamily dwelling. The optional calculation permitted

by 220.82 may be used only if the service-entrance or feederCode to provide a better organized approach to the calcula-
tion requirements. conductors have an ampacity of at least 100 amperes. See

Article 100 for the definition of dwelling unit.For a household electric range or clothes dryer, the
maximum unbalanced load may be assumed to be 70 percent, Examples of the optional calculation for a dwelling unit

are given in Examples D2(a), D2(b), D2(c), and D4(b) ofso the neutral may be sized on that basis. Section 220.61(B)
permits the reduction of the feeder neutral conductor size Annex D.
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220.83Article 220 — Branch-Circuit, Feeder, and Service Calculations

(B) General Loads The general calculated load shall be heating load is based on only 65 percent of the supplemental
not less than 100 percent of the first 10 kVA plus 40 percent heating load.
of the remainder of the following loads:

(1) 33 volt-amperes/m2 or 3 volt-amperes/ft2 for general
(5) 65 percent of the nameplate rating(s) of electric space

lighting and general-use receptacles. The floor area for
heating if less than four separately controlled units.

each floor shall be calculated from the outside dimen-
(6) 40 percent of the nameplate rating(s) of electric space

sions of the dwelling unit. The calculated floor area
heating if four or more separately controlled units.

shall not include open porches, garages, or unused or
unfinished spaces not adaptable for future use.

Section 220.60 states that for loads that do not operate simul-(2) 1500 volt-amperes for each 2-wire, 20-ampere small-
taneously, the largest load being considered is used. In con-appliance branch circuit and each laundry branch circuit
cert with 220.60, 220.82(C) requires that only the largest ofspecified in 220.52.
the six choices needs to be included in the feeder or service(3) The nameplate rating of all appliances that are fastened
calculation. Examples of calculations using air conditioningin place, permanently connected, or located to be on a
and heating are found in Annex D, Examples D2(a), (b),specific circuit, ranges, wall-mounted ovens, counter-
and (c).mounted cooking units, clothes dryers, and water

heaters.

220.83 Existing Dwelling Unit
Section 220.82(B)(3) includes appliances that may not be This section shall be permitted to be used to determine if
fastened in place but that may be permanently connected or the existing service or feeder is of sufficient capacity to
on a specific circuit, such as clothes dryers, dishwashers, serve additional loads. Where the dwelling unit is served by
and freezers. a 120/240-volt or 208Y/120-volt, 3-wire service, it shall be

permissible to calculate the total load in accordance with
(4) The nameplate ampere or kVA rating of all motors and 220.83(A) or (B).

of all low-power-factor loads.
(A) Where Additional Air-Conditioning Equipment or(C) Heating and Air-Conditioning Load The largest of
Electric Space-Heating Equipment Is Not to Be In-the following six selections (load in kVA) shall be included:
stalled The following formula shall be used for existing

(1) 100 percent of the nameplate rating(s) of the air condi- and additional new loads.
tioning and cooling.

Load (kVA) Percent of Load(2) 100 percent of the nameplate rating(s) of the heating
when a heat pump is used without any supplemental

First 8 kVA of load at 100electric heating.
Remainder of load at 40(3) 100 percent of the nameplate ratings of electric thermal

storage and other heating systems where the usual load
is expected to be continuous at the full nameplate value. Load calculations shall include the following:
Systems qualifying under this selection shall not be

(1) General lighting and general-use receptacles at 33 volt-
calculated under any other selection in 220.82(C).

amperes/m2 or 3 volt-amperes/ft2 as determined by
(4) 100 percent of the nameplate rating(s) of the heat pump

220.12
compressor and 65 percent of the supplemental electric

(2) 1500 volt-amperes for each 2-wire, 20-ampere small-
heating for central electric space heating systems. If the

appliance branch circuit and each laundry branch circuit
heat pump compressor is prevented from operating at

specified in 220.52
the same time as the supplementary heat, it does not

(3) Household range(s), wall-mounted oven(s), and
need to be added to the supplementary heat for the total

counter-mounted cooking unit(s)
central space heating load.

(4) All other appliances that are permanently connected,
fastened in place, or connected to a dedicated circuit,

Where the heat pump compressor and supplemental heating at nameplate rating
will operate at the same time, 100 percent of the compressor

(B) Where Additional Air-Conditioning Equipment orload plus 65 percent of the supplemental heating load are
Electric Space-Heating Equipment Is to Be Installed Theconsidered to be the central space heating load. If the equip-
following formula shall be used for existing and additionalment operates such that the compressor cannot operate con-
new loads. The larger connected load of air-conditioning orcurrently with the supplemental heating, the central space
space-heating, but not both, shall be used.
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220.84 Article 220 — Branch-Circuit, Feeder, and Service Calculations

General lighting, 24 ft � 40 ft � 960 2,880 VALoad Percent of Load
ft2 � 3 VA per ft2

Air-conditioning equipment 100 Small-appliance circuits (3 � 1500 4,500 VA
Central electric space heating 100 VA)
Less than four separately Laundry circuit at 1500 VA 1,500 VA
controlled space-heating units 100

Electric range rated 10.5 kW 10,500 VAFirst 8 kVA of all other loads 100
Electric water heater rated 3.0 kW 3,000 VARemainder of all other loads 40
Added air-conditioning equipment 5,000 VA

Total new load 27,380 VAOther loads shall include the following:
STEP 3. Following the requirements in 220.83(B), calculate

(1) General lighting and general-use receptacles at 33 volt- the dwelling unit total load after adding any new equipment.
amperes/m2 or 3 volt-amperes/ft2 as determined by
220.12 First 8 kVA of other load at 100% 8,000 VA

(2) 1500 volt-amperes for each 2-wire, 20-ampere small- Remainder of other load at 40% 5,752 VA
appliance branch circuit and each laundry branch circuit (22,380 – 8,000) � 14,380 � 40%
specified in 220.52 100% of air-conditioning equipment 5,000 VA

(3) Household range(s), wall-mounted oven(s), and Total load (with added air-condi- 18,752 VA
counter-mounted cooking unit(s) tioning equipment)

(4) All other appliances that are permanently connected, 18,752 VA � 240 V 78.13 amperes
fastened in place, or connected to a dedicated circuit,
including four or more separately controlled space- The additional load contributed by the added 5-kVA air
heating units, at nameplate rating conditioning does not exceed the allowable load permitted

on a 100-ampere service.
The optional methods described in Section 220.83(A) and
220.83(B) allow an additional load to be supplied by an

220.84 Multifamily Dwellingexisting service.
(A) Feeder or Service Load It shall be permissible to cal-

Example
culate the load of a feeder or service that supplies three or

An existing dwelling unit is served by a 100-ampere service. more dwelling units of a multifamily dwelling in accordance
An additional load of a single 5-kVA, 240-volt air-condition- with Table 220.84 instead of Part III of this article if all the
ing unit is to be installed. Because the existing load does following conditions are met:
not contain heating or air-conditioning equipment, the ex-

(1) No dwelling unit is supplied by more than one feeder.isting load is calculated according to 220.83(A). The load
(2) Each dwelling unit is equipped with electric cookingof the existing dwelling unit consists of the following:

equipment.
General lighting, 24 ft � 40 ft � 960 2,880 VA

Exception: When the calculated load for multifamily dwell-ft2 � 3 VA per ft2

ings without electric cooking in Part III of this article ex-Small-appliance circuits (3 � 1500 4,500 VA
ceeds that calculated under Part IV for the identical loadVA)
plus electric cooking (based on 8 kW per unit), the lesserLaundry circuit at 1500 VA 1,500 VA
of the two loads shall be permitted to be used.Electric range rated 10.5 kW 10,500 VA

Electric water heater rated 3.0 kW 3,000 VA
Total existing load 22,380 VA According to 220.84(A)(2), each dwelling unit must be

equipped with electric cooking equipment in order for theSTEP 1. Following the requirements of 220.83(A), calculate
load calculation method found in 220.84(A) to be used.the existing dwelling unit load before adding any equipment:
The exception to 220.84(A)(2) permits load calculation for

First 8 kVA of load at 100% 8,000 VA dwelling units that do not have electric cooking equipment,
Remainder of load at 40% (22,380 by using a simulated electric cooking equipment load of 8

� 8,000) � 14,380 � 40% 5,752 VA kW per unit and comparing this calculated load to the load
Total load (without air-condi- 13,752 VA for the dwellings without electric cooking equipment calcu-

tioning equipment) lated in accordance with Part III of Article 220 (commonly
13,752 VA � 240 V 57.3 amperes referred to as the ‘‘standard calculation’’). Whichever of

these calculations yields the smallest load is permitted to beSTEP 2. Prepare a list of the existing and new loads of the
dwelling unit. used.

2005 National Electrical Code Handbook116

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



220.86Article 220 — Branch-Circuit, Feeder, and Service Calculations

(3) Each dwelling unit is equipped with either electric space Table 220.84 Optional Calculations — Demand Factors for
Three or More Multifamily Dwelling Unitsheating or air conditioning, or both. Feeders and service

conductors whose calculated load is determined by this
Number of Demand Factoroptional calculation shall be permitted to have the neu-

Dwelling Units (Percent)tral load determined by 220.61.

3–5 45(B) House Loads House loads shall be calculated in accor-
6–7 44dance with Part III of this article and shall be in addition
8–10 43

to the dwelling unit loads calculated in accordance with
11 42Table 220.84.

12–13 41
14–15 40(C) Connected Loads The calculated load to which the
16–17 39demand factors of Table 220.84 apply shall include the fol-
18–20 38lowing:

21 37
(1) 33 volt-amperes/m2 or 3 volt-amperes/ft2 for general 22–23 36

lighting and general-use receptacles. 24–25 35
26–27 34(2) 1500 volt-amperes for each 2-wire, 20-ampere small-
28–30 33appliance branch circuit and each laundry branch circuit

specified in 220.52. 31 32
32–33 31(3) The nameplate rating of all appliances that are fastened
34–36 30in place, permanently connected or located to be on a
37–38 29

specific circuit, ranges, wall-mounted ovens, counter- 39–42 28
mounted cooking units, clothes dryers, water heaters,

43–45 27
and space heaters. If water heater elements are inter- 46–50 26
locked so that all elements cannot be used at the same 51–55 25

56–61 24time, the maximum possible load shall be considered
62 and over 23the nameplate load.

(4) The nameplate ampere or kilovolt-ampere rating of all
The method of load calculation under 220.84 is optional andmotors and of all low-power-factor loads.
applies only where one service or feeder supplies the entire(5) The larger of the air-conditioning load or the space-
load of a dwelling unit. If all the stated conditions prevail,heating load.
the optional calculations in 220.84 may be used instead of

220.85 Two Dwelling Units those in Part III of Article 220.
Where two dwelling units are supplied by a single feeder
and the calculated load under Part III of this article exceeds This section shall not apply to portable classroom build-
that for three identical units calculated under 220.84, the ings.
lesser of the two loads shall be permitted to be used.

Table 220.86 Optional Method — Demand Factors for
220.86 Schools Feeders and Service-Entrance Conductors for Schools

The calculation of a feeder or service load for schools shall
Demandbe permitted in accordance with Table 220.86 in lieu of Part
Factor

III of this article where equipped with electric space heating, Connected Load (Percent)
air conditioning, or both. The connected load to which the
demand factors of Table 220.86 apply shall include all of the First 33 VA/m2 (3 VA/ft2) at 100

Plus,interior and exterior lighting, power, water heating, cooking,
Over 33 to 220 VA/m2 (3 to 20 VA/ft2) at 75other loads, and the larger of the air-conditioning load or

Plus,space-heating load within the building or structure.
Remainder over 220 VA/m2 (20 VA/ft2) at 25

Feeders and service-entrance conductors whose calcu-
lated load is determined by this optional calculation shall
be permitted to have the neutral load determined by 220.61. Many schools add small, portable classroom buildings. The
Where the building or structure load is calculated by this air-conditioning load in these portable classrooms must com-
optional method, feeders within the building or structure ply with Article 440, and the lighting load must be considered
shall have ampacity as permitted in Part III of this article; continuous. The demand factors in Table 220.86 do not apply
however, the ampacity of an individual feeder shall not be to portable classrooms, because those demand factors would
required to be larger than the ampacity for the entire building.
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220.87 Article 220 — Branch-Circuit, Feeder, and Service Calculations

amount of continuous loads as a percentage of the totaldecrease the feeder or service size to below that required
for the connected continuous load. connected load. The exact method of calculation presented

in Table 220.88 was revised in the 2002 Code to more
accurately reflect the original load study data.

220.87 Determining Existing Loads The National Restaurant Association, the Edison Elec-
The calculation of a feeder or service load for existing instal- tric Institute, and the Electric Power Research Institute based
lations shall be permitted to use actual maximum demand the data for the change in 220.88 on load studies of 262
to determine the existing load under all of the following restaurants. These studies show that the demand factors were
conditions: lower for restaurants with larger connected loads. Based on

this information, it was determined that demand factors for(1) The maximum demand data is available for a 1-year
restaurant loads are appropriate.period.

When using the optional method found in 220.88, it is
Exception: If the maximum demand data for a 1-year period important to notice that, first, all loads are added, even
is not available, the calculated load shall be permitted to heating and air conditioning, and then the appropriate de-
be based on the maximum demand (measure of average mand load is calculated from Table 220.88. The service or
power demand over a 15-minute period) continuously re- feeder size is calculated after application of the demand load
corded over a minimum 30-day period using a recording factor.
ammeter or power meter connected to the highest loaded

Example 1phase of the feeder or service, based on the initial loading
at the start of the recording. The recording shall reflect the A new, all-electric restaurant has a total connected load of
maximum demand of the feeder or service by being taken 348 kVA at 208Y/120 volts. Using Table 220.88, calculate
when the building or space is occupied and shall include the demand load and determine the size of the service-
by measurement or calculation the larger of the heating or entrance conductors and the maximum-size overcurrent de-
cooling equipment load, and other loads that may be periodic vice for the service.
in nature due to seasonal or similar conditions.

Solution
(2) The maximum demand at 125 percent plus the new load

STEP 1. Use the value in Table 220.88 for a connected load
does not exceed the ampacity of the feeder or rating of

of 348 kVA (Row 3, Column 2) to calculate the demand
the service.

load for an all-electric restaurant.
(3) The feeder has overcurrent protection in accordance

with 240.4, and the service has overload protection in Demand � 50% of amount over 325 kVA � 172.5 kVA
accordance with 230.90. load

� 0.50 � (348 kVA � 325 kVA)

� 172.5 kVAAdditional loads may be connected to existing services and
feeders under the following conditions: � (0.50 � 23) � 172.5
1. The maximum demand kVA data for a minimum 1-

� 11.5 � 172.5
year period (or the 30-day alternative method from the

� 184 kVAexception) is available.
2. The installation complies with 220.87(2) and 220.87(3).

STEP 2. Calculate the service size using the calculated de-
mand load in STEP 1.

220.88 New Restaurants
Service size �

kVADemand load � 1000

voltage � �3
Calculation of a service or feeder load, where the feeder
serves the total load, for a new restaurant shall be permitted
in accordance with Table 220.88 in lieu of Part III of this

�
184 kVA � 1000

203 V � �3article.
The overload protection of the service conductors shall

� 510.7 or 511 Abe in accordance with 230.90 and 240.4.
Feeder conductors shall not be required to be of greater STEP 3. Determine the size of the overcurrent device. The

ampacity than the service conductors. next larger standard-size overcurrent device is 600 amperes.
The minimum size of the conductors must be adequate to
handle the load, but 240.4(B) permits the next largerSection 220.88 recognizes the effects of load diversity that

are typical of restaurant occupancies. It also recognizes the standard-rated overcurrent device to be used.
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220.103Article 220 — Branch-Circuit, Feeder, and Service Calculations

Table 220.88 Optional Method — Permitted Load Calculations for Service and Feeder Conductors
for New Restaurants

All Electric Restaurant Not All Electric Restaurant
Total Connected Load (kVA) Calculated Loads (kVA) Calculated Loads (kVA)

0–200 80% 100%
201–325 10% (amount over 200) � 160.0 50% (amount over 200) � 200.0
326–800 50% (amount over 325) � 172.5 45% (amount over 325) � 262.5
Over 800 50% (amount over 800) � 410.0 20% (amount over 800) � 476.3

Note: Add all electrical loads, including both heating and cooling loads, to calculate the total connected load.
Select the one demand factor that applies from the table, then multiply the total connected load by this single
demand factor.

Example 2 V. Farm Load Calculation
A new restaurant has gas cooking appliances plus a total 220.100 General
connected electrical load of 348 kVA at 208Y/120 volts.

Farm loads shall be calculated in accordance with Part V.Calculate the demand load using Table 220.88 and the ser-
vice size. Then determine the maximum-size overcurrent

220.102 Farm Loads — Buildings anddevice for the service.
Other Loads

Solution
(A) Dwelling Unit The feeder or service load of a farm

STEP 1. Calculate the demand load for a new restaurant
dwelling unit shall be calculated in accordance with the

using the value in Table 220.88 for a connected load of 348
provisions for dwellings in Part III or IV of this article.

kVA (Column 3, Row 3) as follows:
Where the dwelling has electric heat and the farm has electric

Demand � 45% of amount over 325 kVA � 262.5 kVA grain-drying systems, Part IV of this article shall not be used
to calculate the dwelling load where the dwelling and farmload

� 0.45 � (348 � 325) � 262.5
load are supplied by a common service.

� (0.45 � 23) � 262.5
(B) Other Than Dwelling Unit Where a feeder or service

� 10.35 � 262.5 supplies a farm building or other load having two or more
separate branch circuits, the load for feeders, service conduc-� 272.85 kVA
tors, and service equipment shall be calculated in accordance

STEP 2. Calculate the service size using the calculated de- with demand factors not less than indicated in Table 220.102.
mand load in Step 1.

Table 220.102 Method for Calculating Farm Loads for Other
Than Dwelling UnitService size �

kVADemand load � 1000

voltage � �3
Demand Factor

Ampere Load at 240 Volts Maximum (Percent)�
272.85 kVA � 1000

208 V � �3
Loads expected to operate simultaneously, but 100� 757.36 or 757 A

not less than 125 percent full-load current
of the largest motor and not less than theSTEP 3. Determine the size of the overcurrent device. The
first 60 amperes of loadnext higher standard rating for an overcurrent device, ac-

Next 60 amperes of all other loads 50cording to 240.6, is 800 amperes. Section 230.79 requires
Remainder of other load 25that the service disconnecting means have a rating that is

not less than the calculated load (757 amperes). The mini-
mum size of the conductors must be adequate to handle the
load, but 240.4(B) permits the next larger standard-rated 220.103 Farm Loads — Total
overcurrent device to be used.

Where supplied by a common service, the total load of the
farm for service conductors and service equipment shall be
calculated in accordance with the farm dwelling unit loadService or feeder conductors whose calculated load is deter-

mined by this optional calculation shall be permitted to have and demand factors specified in Table 220.103. Where there
is equipment in two or more farm equipment buildings orthe neutral load determined by 220.61.
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220.103 Article 225 — Outside Branch Circuits and Feeders

for loads having the same function, such loads shall be
225.10 Wiring on Buildingscalculated in accordance with Table 220.102 and shall be
225.11 Circuit Exits and Entrancespermitted to be combined as a single load in Table 220.103
225.12 Open-Conductor Supportsfor calculating the total load.
225.14 Open-Conductor Spacings

(A) 600 Volts, Nominal, or LessTable 220.103 Method for Calculating Total Farm Load
(B) Over 600 Volts, Nominal

Individual Loads Calculated in Demand Factor (C) Separation from Other Circuits
Accordance with Table 220.102 (Percent) (D) Conductors on Poles

225.15 Supports over Buildings
Largest load 100

225.16 Attachment to BuildingsSecond largest load 75
(A) Point of AttachmentThird largest load 65

Remaining loads 50 (B) Means of Attachment
225.17 Masts as Supports

Note: To this total load, add the load of the farm dwelling unit calculated
225.18 Clearance from Groundin accordance with Part III or IV of this article. Where the dwelling

has electric heat and the farm has electric grain-drying systems, Part 225.19 Clearances from Buildings for Conductors of
IV of this article shall not be used to calculate the dwelling load. Not Over 600 Volts, Nominal

(A) Above Roofs
(B) From Nonbuilding or Nonbridge Structures
(C) Horizontal ClearancesARTICLE 225
(D) Final SpansOutside Branch Circuits and (E) Zone for Fire Ladders

225.20 Mechanical Protection of ConductorsFeeders
225.21 Multiconductor Cables on Exterior Surfaces of

Buildings
Summary of Changes 225.22 Raceways on Exterior Surfaces of Buildings or
• 225.17: Added new requirements for masts that support Other Structures

overhead branch circuits and feeders. 225.24 Outdoor Lampholders
225.25 Location of Outdoor Lamps• 225.22: Revised to specify that raintight raceways are
225.26 Vegetation as Supportrequired only in wet locations.

II. More Than One Building or Other Structure• 225.30(A)(6): Added condition to have multiple supplies
225.30 Number of Suppliesfor the purposes of enhancing reliability.

(A) Special Conditions
(B) Special Occupancies
(C) Capacity Requirements

Contents (D) Different Characteristics
(E) Documented Switching Procedures225.1 Scope

225.31 Disconnecting Means225.2 Other Articles
225.32 LocationI. General
225.33 Maximum Number of Disconnects225.3 Calculation of Loads 600 Volts, Nominal, or

(A) GeneralLess
(B) Single-Pole Units(A) Branch Circuits

225.34 Grouping of Disconnects(B) Feeders
(A) General225.4 Conductor Covering
(B) Additional Disconnecting Means225.5 Size of Conductors 600 Volts, Nominal, or Less

225.35 Access to Occupants225.6 Conductor Size and Support
225.36 Suitable for Service Equipment(A) Overhead Spans
225.37 Identification(B) Festoon Lighting
225.38 Disconnect Construction225.7 Lighting Equipment Installed Outdoors

(A) Manually or Power Operable(A) General
(B) Simultaneous Opening of Poles(B) Common Neutral
(C) Disconnection of Grounded Conductor(C) 277 Volts to Ground

(D) 600 Volts Between Conductors (D) Indicating
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225.5Article 225 — Outside Branch Circuits and Feeders

Table 225.2 Other Articles
225.39 Rating of Disconnect

(A) One-Circuit Installation Equipment/Conductors Article
(B) Two-Circuit Installations

Branch circuits 210(C) One-Family Dwelling
Class 1, Class 2, and Class 3 remote-control, signaling, 725(D) All Others

and power-limited circuits225.40 Access to Overcurrent Protective Devices
Communications circuits 800III. Over 600 Volts
Community antenna television and radio distribution 820225.50 Sizing of Conductors

systems225.51 Isolating Switches
Conductors for general wiring 310225.52 Location
Electrically driven or controlled irrigation machines 675225.53 Type
Electric signs and outline lighting 600225.60 Clearances over Roadways, Walkways, Rail,
Feeders 215Water, and Open Land
Fire alarm systems 760(A) 22 kV Nominal to Ground or Less
Fixed outdoor electric deicing and snow-melting 426(B) Over 22 kV Nominal to Ground

equipment(C) Special Cases
Floating buildings 553225.61 Clearances over Buildings and Other Structures
Grounding 250(A) 22 kV Nominal to Ground or Less
Hazardous (classified) locations 500(B) Over 22 kV Nominal to Ground
Hazardous (classified) locations — specific 510
Marinas and boatyards 555

225.1 Scope Messenger supported wiring 396
This article covers requirements for outside branch circuits Mobile homes, manufactured homes, and mobile home 550

parksand feeders run on or between buildings, structures, or poles
Open wiring on insulators 398on the premises; and electric equipment and wiring for the
Over 600 volts, general 490supply of utilization equipment that is located on or attached
Overcurrent protection 240to the outside of buildings, structures, or poles.
Radio and television equipment 810

FPN: Foradditional informationon wiringover600volts,
Services 230see ANSI C2-2002, National Electrical Safety Code.
Solar photovoltaic systems 690
Swimming pools, fountains, and similar installations 680225.2 Other Articles
Use and identification of grounded conductors 200Application of other articles, including additional require-

ments to specific cases of equipment and conductors, is
shown in Table 225.2.

Exception: Equipment grounding conductors and grounded
I. General circuit conductors shall be permitted to be bare or covered

as specifically permitted elsewhere in this Code.225.3 Calculation of Loads 600 Volts,
Nominal, or Less

The exception to 225.4 and Exception No. 2 to(A) Branch Circuits The load on outdoor branch circuits
250.184(A)(1) correlate to permit the use of the bare messen-shall be as determined by 220.10.
ger wire of an overhead cable assembly as the grounded

(B) Feeders The load on outdoor feeders shall be as deter- (neutral) conductor of an outdoor feeder circuit. In accor-
mined by Part III of Article 220. dance with 250.32(B)(2), a grounding electrode conductor

connection to the grounded conductor is permitted at the
225.4 Conductor Covering load end of such outdoor overhead feeder circuits.
Where within 3.0 m (10 ft) of any building or structure other
than supporting poles or towers, open individual (aerial)

225.5 Size of Conductors 600 Volts, Nominal,overhead conductors shall be insulated or covered. Conduc-
or Lesstors in cables or raceways, except Type MI cable, shall be

of the rubber-covered type or thermoplastic type and, in wet The ampacity of outdoor branch-circuit and feeder conduc-
tors shall be in accordance with 310.15 based on loads aslocations, shall comply with 310.8. Conductors for festoon

lighting shall be of the rubber-covered or thermoplastic type. determined under 220.10 and Part III of Article 220.
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225.6 Article 225 — Outside Branch Circuits and Feeders

225.6 Conductor Size and Support
(A) Overhead Spans Open individual conductors shall not
be smaller than the following:

(1) For 600 volts, nominal, or less, 10 AWG copper or 8
AWG aluminum for spans up to 15 m (50 ft) in length,
and 8 AWG copper or 6 AWG aluminum for a longer
span unless supported by a messenger wire

(2) For over 600 volts, nominal, 6 AWG copper or 4 AWG
aluminum where open individual conductors, and 8
AWG copper or 6 AWG aluminum where in cable

The size limitation of copper and aluminum conductors for

10ft
10ft

More than 40 ft 
(messenger wire required)

overhead spans is based on the need for adequate mechanical
strength to support the weight of the conductors and to Exhibit 225.2 Messenger wire required by 225.6(B) for festoon
withstand wind, ice, and other similar conditions. Exhibit lighting conductors in a span exceeding 40 ft.
225.1 illustrates overhead spans that are not messenger sup-
ported; that are run between buildings, structures, or poles; messenger wire is required, the 12 AWG or larger conductors
and that are 600 volts or less. If the conductors are supported are required to be supported by strain insulators.
on a messenger, the messenger cable provides the necessary Attachment of festoon lighting to fire escapes, plumbing
mechanical strength. See 396.10 for wiring methods permit- equipment, or metal drain spouts is prohibited because the
ted to be messenger supported. attachment could provide a path to ground. Moreover, such

methods of attachment could not be relied on for a permanent
or secure means of support.

225.7 Lighting Equipment Installed Outdoors
(A) General For the supply of lighting equipment installed
outdoors, the branch circuits shall comply with Article 210
and 225.7(B) through (D).

(B) Common Neutral The ampacity of the neutral conduc-
tor shall not be less than the maximum net computed load
current between the neutral and all ungrounded conductorsMore than 50 ft Up to 50 ft

8 AWG Cu or
6 AWG Al

10 AWG Cu or
8 AWG Al

connected to any one phase of the circuit.

Exhibit 225.1 Minimum sizes of conductors in overhead spans
Multiwire branch circuits consisting of a neutral and two oras specified by 225.6(A)(1) for 600 volts, nominal, or less.
more ungrounded conductors are permitted, provided the
neutral capacity is not less than the total load of all un-

(B) Festoon Lighting Overhead conductors for festoon grounded conductors connected to any one phase of the
lighting shall not be smaller than 12 AWG unless the conduc- circuit.
tors are supported by messenger wires. In all spans exceeding Exhibit 225.3 illustrates a 120/240-volt, single-phase,
12 m (40 ft), the conductors shall be supported by messenger 3-wire system, and Exhibit 225.4 illustrates a 208Y/120-
wire. The messenger wire shall be supported by strain insula- volt, 3-phase, 4-wire system. In Exhibit 225.3, all branch
tors. Conductors or messenger wires shall not be attached circuits are rated at 20 amperes. The maximum unbalanced
to any fire escape, downspout, or plumbing equipment. current that can occur is four times 20 amperes, or 80 am-

peres. In Exhibit 225.4, all branch circuits also are rated at
20 amperes. The maximum unbalanced current that canArticle 100 defines festoon lighting as ‘‘a string of outdoor
occur on a 3-phase system with the load connected as shownlights that is suspended between two points.’’ The conductors
is 80 amperes, due to the load on phase A.for festoon lighting must be larger than 12 AWG unless a

messenger wire supports them. On all spans of festoon light-
ing exceeding 40 ft, messenger wire is required and must

(C) 277 Volts to Ground Circuits exceeding 120 volts,be supported by strain insulators. See Exhibit 225.2. If no
nominal, between conductors and not exceeding 277 volts,
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225.14Article 225 — Outside Branch Circuits and Feeders

(D) 600 Volts Between Conductors Circuits exceeding
277 volts, nominal, to ground and not exceeding 600 volts,
nominal, between conductors shall be permitted to supply
the auxiliary equipment of electric-discharge lamps in accor-
dance with 210.6(D)(1).

Section 210.6(D)(1) contains the minimum height require-
ments for circuits exceeding 277 volts, nominal, to ground
but not exceeding 600 volts, nominal, between conductors
for circuits that supply the auxiliary equipment of electric-
discharge lamps.

225.10 Wiring on Buildings
4 AWG Cu XHHW neutral conductor

L1 L2N

N

The installation of outside wiring on surfaces of buildings
Exhibit 225.3 A 120/240-volt, single-phase, 3-wire system shall be permitted for circuits of not over 600 volts, nominal,
(branch circuits rated at 20 amperes; maximum unbalanced cur- as open wiring on insulators, as multiconductor cable, as
rent of 80 amperes). Type MC cable, as Type MI cable, as messenger supported

wiring, in rigid metal conduit, in intermediate metal conduit,
in rigid nonmetallic conduit, in cable trays, as cablebus, in
wireways, in auxiliary gutters, in electrical metallic tubing,
in flexible metal conduit, in liquidtight flexible metal con-
duit, in liquidtight flexible nonmetallic conduit, and in bus-
ways. Circuits of over 600 volts, nominal, shall be installed
as provided in 300.37.

225.11 Circuit Exits and Entrances
Where outside branch and feeder circuits leave or enter a
building, the requirements of 230.52 and 230.54 shall apply.

Section 225.11 references 230.52, Individual Conductors
Entering Buildings or Other Structures, and 230.54, Over-
head Service Locations. Section 225.18 covers the require-

A B CN

N

4 AWG Cu XHHW neutral conductor

ments for clearances from ground (not over 600 volts), and
Exhibit 225.4 A 208Y/120-volt, 3-phase, 4-wire system (branch 225.19 covers the requirements for clearances from buildings
circuits rated at 20 amperes; maximum unbalanced current of for conductors not over 600 volts. See 225.19(D) for final
80 amperes). span clearances from windows, doors, fire escapes, and so

on. Exhibit 225.5 shows an example where these require-
ments apply.nominal, to ground shall be permitted to supply luminaires

(lighting fixtures) for illumination of outdoor areas of indus-
trial establishments, office buildings, schools, stores, and

225.12 Open-Conductor Supportsother commercial or public buildings where the luminaires
Open conductors shall be supported on glass or porcelain(fixtures) are not less than 900 mm (3 ft) from windows,
knobs, racks, brackets, or strain insulators.platforms, fire escapes, and the like.

225.14 Open-Conductor SpacingsBranch circuits for the outdoor illumination of industrial
establishments, office buildings, schools, stores, and other (A) 600 Volts, Nominal, or Less Conductors of 600 volts,
commercial or public buildings are permitted to operate with nominal, or less, shall comply with the spacings provided
a maximum voltage to ground of 277 volts. See 210.6(D) in Table 230.51(C).
for tunnel and pole-mounted luminaires with voltages greater

(B) Over 600 Volts, Nominal Conductors of over 600than 277 volts to ground. The restrictions outlined in
volts, nominal, shall comply with the spacings provided in225.7(C) are in addition to those in 210.6(C).
110.36 and 490.24.
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225.15 Article 225 — Outside Branch Circuits and Feeders

225.15 Supports over Buildings
Supports over a building shall be in accordance with 230.29.

225.16 Attachment to Buildings
(A) Point of Attachment The point of attachment to a
building shall be in accordance with 230.26.

(B) Means of Attachment The means of attachment to a
building shall be in accordance with 230.27.

225.17 Masts as Supports
Where a mast is used for the support of final spans of feeders
or branch circuits, it shall be of adequate strength or be
supported by braces or guys to withstand safely the strain
imposed by the overhead drop. Where raceway-type masts
are used, all raceway fittings shall be identified for use with
masts. Only the feeder or branch circuit conductors specified
within this section shall be permitted to be attached to the
feeder and/or branch circuit mast.

Section 225.17 is new in the 2005 Code and provides the
same rules for masts associated with and supporting over-

Clearance from
building openings

(600 V or less)

3 ft

3 ft

Clearance
from ground

(600 V or less)

head branch circuits and feeders as are required for masts
associated with and supporting service drops in 230.28. AExhibit 225.5 Examples of the requirements in 225.11, which
mast supporting an overhead branch circuit or feeder spanreferences 230.52 and 230.54; the requirements in 225.18 for

clearances from ground for conductors not over 600 volts; the is not permitted to support conductors of other systems, such
requirements in 225.19 for clearances from buildings for conduc- as overhead conductor spans for signaling, communications,
tors not over 600 volts; and the requirements in 225.19(D) for or CATV systems.
clearances from windows, doors, fire escapes, and so on.

225.18 Clearance from Ground
(C) Separation from Other Circuits Open conductors

Overhead spans of open conductors and open multiconductorshall be separated from open conductors of other circuits or
cables of not over 600 volts, nominal, shall have a clearancesystems by not less than 100 mm (4 in.).
of not less than the following:

(D) Conductors on Poles Conductors on poles shall have
(1) 3.0 m (10 ft) — above finished grade, sidewalks, ora separation of not less than 300 mm (1 ft) where not placed

from any platform or projection from which they mighton racks or brackets. Conductors supported on poles shall
be reached where the voltage does not exceed 150 voltsprovide a horizontal climbing space not less than the
to ground and accessible to pedestrians onlyfollowing:

(2) 3.7 m (12 ft) — over residential property and driveways,
(1) Power conductors below communications conductors and those commercial areas not subject to truck traffic

— 750 mm (30 in.) where the voltage does not exceed 300 volts to ground
(2) Power conductors alone or above communications con- (3) 4.5 m (15 ft) — for those areas listed in the 3.7-m (12-

ductors: ft) classification where the voltage exceeds 300 volts
to grounda. 300 volts or less — 600 mm (24 in.)

(4) 5.5 m (18 ft) — over public streets, alleys, roads, parkingb. Over 300 volts — 750 mm (30 in.)
areas subject to truck traffic, driveways on other than(3) Communications conductors below power conductors
residential property, and other land traversed by vehi-— same as power conductors
cles, such as cultivated, grazing, forest, and orchard(4) Communications conductors alone — no requirement

225.19 Clearances from Buildings for
Sufficient space is required for linemen to climb over or Conductors of Not Over 600 Volts, Nominal
through conductors to safely work with conductors on the

(A) Above Roofs Overhead spans of open conductors andpole.
open multiconductor cables shall have a vertical clearance
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225.24Article 225 — Outside Branch Circuits and Feeders

of not less than 2.5 m (8 ft) above the roof surface. The in farm and commercial buildings, and shall not be installed
where they obstruct entrance to these buildings’ openings.vertical clearance above the roof level shall be maintained

for a distance not less than 900 mm (3 ft) in all directions
(E) Zone for Fire Ladders Where buildings exceed threefrom the edge of the roof.
stories or 15 m (50 ft) in height, overhead lines shall be

Exception No. 1: The area above a roof surface subject to arranged, where practicable, so that a clear space (or zone)
pedestrian or vehicular traffic shall have a vertical clear- at least 1.8 m (6 ft) wide will be left either adjacent to the
ance from the roof surface in accordance with the clearance buildings or beginning not over 2.5 m (8 ft) from them
requirements of 225.18. to facilitate the raising of ladders when necessary for fire

fighting.Exception No. 2: Where the voltage between conductors
does not exceed 300, and the roof has a slope of 100 mm
in 300mm (4 in. in 12 in.) or greater, a reduction in clearance 225.20 Mechanical Protection of Conductors
to 900 mm (3 ft) shall be permitted.

Mechanical protection of conductors on buildings, struc-
Exception No. 3: Where the voltage between conductors tures, or poles shall be as provided for services in 230.50.
does not exceed 300, a reduction in clearance above only
the overhanging portion of the roof to not less than 450 mm

225.21 Multiconductor Cables on Exterior(18 in.) shall be permitted if (1) not more than 1.8 m (6 ft)
Surfaces of Buildingsof the conductors, 1.2 m (4 ft) horizontally, pass above the
Supports for multiconductor cables on exterior surfaces ofroof overhang and (2) they are terminated at a through-the-
buildings shall be as provided in 230.51.roof raceway or approved support.

Exception No. 4: The requirement for maintaining the verti-
225.22 Raceways on Exterior Surfaces ofcal clearance 900 mm (3 ft) from the edge of the roof shall
Buildings or Other Structuresnot apply to the final conductor span where the conductors

are attached to the side of a building. Raceways on exteriors of buildings or other structures shall
be arranged to drain and shall be raintight in wet locations.

(B) From Nonbuilding or Nonbridge Structures From
signs, chimneys, radio and television antennas, tanks, and Exception: Flexible metal conduit, where permitted in
other nonbuilding or nonbridge structures, clearances — 348.12(1), shall not be required to be raintight.
vertical, diagonal, and horizontal — shall not be less than
900 mm (3 ft). Raintight is defined in Article 100 as ‘‘constructed or pro-

tected so that exposure to a beating rain will not result in(C) Horizontal Clearances Clearances shall not be less
the entrance of water under specified test conditions.’’ To

than 900 mm (3 ft).
ensure this, all conduit bodies, fittings, and boxes used in
wet locations are required to be provided with threaded(D) Final Spans Final spans of feeders or branch circuits
hubs or other approved means. Threadless couplings andshall comply with 225.19(D)(1), (D)(2), and (D)(3).
connectors used with metal conduit or electrical metallic
tubing installed on the exterior of a building must be of the(1) Clearance from Windows Final spans to the building
raintight type [see 342.42(A), 344.42(A), and 348.42].they supply, or from which they are fed, shall be permitted

If raceways are exposed to weather or rain throughto be attached to the building, but they shall be kept not
weatherhead openings, condensation is likely to occur, caus-less than 900 mm (3 ft) from windows that are designed to
ing moisture to accumulate within raceways at low pointsbe opened, and from doors, porches, balconies, ladders,
of the installation and in junction boxes. Therefore, racewaysstairs, fire escapes, or similar locations.
should be installed to permit drainage through drain holes

Exception: Conductors run above the top level of a window at appropriate locations. This section has been revised so
shall be permitted to be less than the 900-mm (3-ft) require- that the raintight requirement applies only to raceways in-
ment. stalled in wet locations.

(2) Vertical Clearance The vertical clearance of final
spans above, or within 900 mm (3 ft) measured horizontally

225.24 Outdoor Lampholdersof, platforms, projections, or surfaces from which they might
Where outdoor lampholders are attached as pendants, thebe reached shall be maintained in accordance with 225.18.
connections to the circuit wires shall be staggered. Where
such lampholders have terminals of a type that puncture the(3) Building Openings The overhead branch-circuit and

feeder conductors shall not be installed beneath openings insulation and make contact with the conductors, they shall
be attached only to conductors of the stranded type.through which materials may be moved, such as openings
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225.25 Article 225 — Outside Branch Circuits and Feeders

structures. Important in the application of the Part II require-Splices to branch-circuit conductors for outdoor lampholders
ments are the Article 100 definitions of service point, service,of the Edison-base type or ‘‘pigtail’’ sockets are required to
service equipment, feeder, and branch circuit. Determiningbe staggered so that splices will not be in close proximity
what constitutes a set of feeder or branch-circuit conductorsto each other. Pin-type terminal sockets must be attached to
versus a set of service conductors depends on a clear under-stranded conductors only and are intended for installations
standing of where the service point is located and where thefor temporary lighting or decorations, signs, or specifically
service and service equipment for a premises are located.approved applications.
In some cases, particularly with medium- and high-voltage
distribution, the service location of a campus or multibuild-

225.25 Location of Outdoor Lamps ing facility is a switchyard or substation. With the location
of the service point and service equipment established, theLocations of lamps for outdoor lighting shall be below all
requirements for outside branch circuits and feeders fromenergized conductors, transformers, or other electric utiliza-
Part II (and Part III if over 600 volts) can be properly applied.tion equipment, unless either of the following apply:

Included in Part II of Article 225 are the requirements
(1) Clearances or other safeguards are provided for relamp- for overhead and underground feeders that supply buildings

ing operations. or structures on college and other institutional campuses,
(2) Equipment is controlled by a disconnecting means that multibuilding industrial facilities, multibuilding commercial

can be locked in the open position. facilities, and other facilities where the electrical supply is
an outdoor feeder or branch circuit. Such distribution is

Because 225.18 requires a minimum clearance for open permitted under the condition that the entire premises is
conductors of 10 ft above grade or platforms, it may be under a single management. Many of the requirements in
difficult to keep all electrical equipment above the lamps. Part II covering the number of feeders or branch circuits
Section 225.25(1) allows other clearances or safeguards to and the location and type of disconnecting means are similar
permit safe relamping, and 225.25(2) permits the use of a to the requirements for services in Article 230.
disconnecting means to de-energize the circuit.

225.30 Number of Supplies
225.26 Vegetation as Support Where more than one building or other structure is on the
Vegetation such as trees shall not be used for support of same property and under single management, each additional
overhead conductor spans. building or other structure that is served by a branch circuit

or feeder on the load side of the service disconnecting means
shall be supplied by only one feeder or branch circuit unlessWhere overhead conductor spans are attached to a tree,
permitted in 225.30(A) through (E). For the purpose of thisnormal tree growth around the attachment device causes the
section, a multiwire branch circuit shall be considered amounting insulators to break and the conductor insulation
single circuit.to be degraded. The requirement in 225.26 reduces the likeli-

hood of chafing of the conductor insulation and the danger (A) Special Conditions Additional feeders or branch cir-
of shock to tree trimmers and tree climbers. The exception cuits shall be permitted to supply the following:
to 225.26 permitting trees as a support method for overhead

(1) Fire pumpsconductor spans on a temporary basis was deleted in the
(2) Emergency systems2002 Code. However, outdoor luminaires and associated
(3) Legally required standby systemsequipment are permitted by 410.16(H) to be supported by
(4) Optional standby systemstrees. To prevent the chafing damage, conductors are run up
(5) Parallel power production systemsthe tree from an underground wiring method. See 300.5(D)
(6) Systems designed for connection to multiple sources offor requirements on the protection of direct-buried conduc-

supply for the purpose of enhanced reliabilitytors emerging from below grade.

The fundamental requirement of 225.30 is that a buildingII. More Than One Building or or structure be supplied by a single branch circuit or feeder,
Other Structure similar to the rule for a single service in 230.2. Sections

225.30(A) through 225.30(E) identify conditions under
which a building or structure is permitted to be supplied byPart II covers outside branch circuits and feeders on single

managed properties where outside branch circuits and feed- multiple sources. To address the need for increased reliability
of the power source to a premises where critical operationalers are the source of electrical supply for buildings and
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225.32Article 225 — Outside Branch Circuits and Feeders

loads (not classed as emergency or legally required standby) connecting means shall be at a readily accessible location
nearest the point of entrance of the conductors. For theare supplied, 225.30(A)(6), which is a new item, has been

included as a condition where multiple feeder or branch purposes of this section, the requirements in 230.6 shall be
utilized.circuit sources are permitted. Double-ended (main-tie-main)

switchgear supplied by two feeders is an example of the Exception No. 1: For installations under single manage-
type of source covered by this new provision. ment, where documented safe switching procedures are es-

tablished and maintained for disconnection, and where the
installation is monitored by qualified individuals, the discon-(B) Special Occupancies By special permission, addi-
necting means shall be permitted to be located elsewheretional feeders or branch circuits shall be permitted for either
on the premises.of the following:
Exception No. 2: For buildings or other structures qualify-

(1) Multiple-occupancy buildings where there is no space ing under the provisions of Article 685, the disconnecting
available for supply equipment accessible to all occu- means shall be permitted to be located elsewhere on the
pants premises.

(2) A single building or other structure sufficiently large to
Exception No. 3: For towers or poles used as lighting stan-

make two or more supplies necessary
dards, the disconnecting means shall be permitted to be
located elsewhere on the premises.(C) Capacity Requirements Additional feeders or branch

circuits shall be permitted where the capacity requirements Exception No. 4: For poles or similar structures used only
for support of signs installed in accordance with Articleare in excess of 2000 amperes at a supply voltage of 600

volts or less. 600, the disconnectingmeans shall be permitted to be located
elsewhere on the premises.

(D) Different Characteristics Additional feeders or
branch circuits shall be permitted for different voltages,

The basic requirement on locating the disconnecting meansfrequencies, or phases or for different uses, such as control
for a feeder or branch circuit supplying a structure is essen-of outside lighting from multiple locations.
tially the same as that specified for services in 230.70(A),
but an important difference applies to feeder and branch-(E) Documented Switching Procedures Additional feed-
circuit sources. Unlike a premises supplied by a service,ers or branch circuits shall be permitted to supply installa-
where a building or structure is supplied by a feeder ortions under single management where documented safe
branch circuit, there always has to be a feeder or branchswitching procedures are established and maintained for dis-
circuit disconnecting means at the building or structure sup-connection.
plied unless one of the conditions in Exception No. 1 through
Exception No. 4 can be applied. Particularly for campus-Buildings on college campuses, multibuilding industrial
style facilities supplied by a single utility service, the servicefacilities, and multibuilding commercial facilities are permit-
disconnecting means may be remote from the buildings orted to be supplied by secondary loop supply (secondary
structures supplied. In such installations, the supply conduc-selective) networks, provided that documented switching
tors to the buildings or structures are feeders or branchprocedures are established. These switching procedures must
circuits, and the main requirement of this section is that theestablish a method to safely operate switches for the facility
feeder or branch-circuit disconnecting means is to be locatedduring maintenance and during alternative supply and emer-
inside or outside the building or structure supplied, at thegency supply conditions. Keyed interlock systems are often
point nearest to where the supply conductors enter the build-used to reduce the likelihood of inappropriate switching
ing or structure. This requirement applies to conductors thatprocedures that could result in hazardous conditions.
supply a building and to conductors that pass through a
building.

This requirement ensures that, where the service discon-225.31 Disconnecting Means
necting means is remote from a building or structure, thereMeans shall be provided for disconnecting all ungrounded
is a disconnecting means for the feeder or branch circuitconductors that supply or pass through the building or struc-
located at the building or structure to facilitate ready discon-ture.
nection of the power. Outside disconnecting means are not
required to be physically attached to the building or structure225.32 Location
supplied, as would be the case with feeder-supplied outside

The disconnecting means shall be installed either inside or free-standing switchgear located at the building or structure.
outside of the building or structure served or where the In addition, this disconnecting means requirement is modi-
conductors pass through the building or structure. The dis-
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225.33 Article 225 — Outside Branch Circuits and Feeders

fied by the rules in 700.12(B)(6), 701.11(B)(5), and 702.11 ted to be accessible to authorized management personnel
only.for emergency, legally required standby, and optional

standby feeders supplied by an outdoor generator set.
225.36 Suitable for Service Equipment
The disconnecting means specified in 225.31 shall be suit-

225.33 Maximum Number of Disconnects able for use as service equipment.
(A) General The disconnecting means for each supply per- Exception: For garages and outbuildings on residential
mitted by 225.30 shall consist of not more than six switches property, a snap switch or a set of 3-way or 4-way snap
or six circuit breakers mounted in a single enclosure, in a switches shall be permitted as the disconnecting means.
group of separate enclosures, or in or on a switchboard.
There shall be no more than six disconnects per supply 225.37 Identification
grouped in any one location.

Where a building or structure has any combination of feed-
ers, branch circuits, or services passing through it or supply-Exception: For the purposes of this section, disconnecting
ing it, a permanent plaque or directory shall be installed atmeans used solely for the control circuit of the ground-
each feeder and branch-circuit disconnect location denotingfault protection system, or the control circuit of the power-
all other services, feeders, or branch circuits supplying thatoperated supply disconnecting means, installed as part of
building or structure or passing through that building orthe listed equipment, shall not be considered a supply discon-
structure and the area served by each.necting means.

(B) Single-Pole Units Two or three single-pole switches
The requirement of 225.37 correlates with 230.2(E) in that

or breakers capable of individual operation shall be permitted
where a building has multiple sources of supply, permanent

on multiwire circuits, one pole for each ungrounded conduc-
identification at each supply (service, feeder, and branch

tor, as one multipole disconnect, provided they are equipped
circuit) disconnecting means is required. The term perma-

with handle ties or a master handle to disconnect all un-
nent indicates that this required identification has to have

grounded conductors with no more than six operations of
the same permanency as the disconnecting means itself. This

the hand.
identification is an important safety feature in an emergency
condition, because in many cases first responders are not

225.34 Grouping of Disconnects familiar with the electrical distribution system of a facility.
(A) General The two to six disconnects as permitted in In addition to 225.37 and 230.2(E), identification of power
225.33 shall be grouped. Each disconnect shall be marked sources is covered by the requirements of 700.8(A) for emer-
to indicate the load served. gency sources, 701.9(A) for legally required standby

sources, 702.8(A) for optional standby sources, and 705.10Exception: One of the two to six disconnecting means per-
for parallel power production sources.mitted in 225.33, where used only for a water pump also

intended to provide fire protection, shall be permitted to be
located remote from the other disconnecting means. Exception No. 1: A plaque or directory shall not be required

for large-capacity multibuilding industrial installations(B) Additional Disconnecting Means The one or more
under single management, where it is ensured that discon-additional disconnecting means for fire pumps or for emer-
nection can be accomplished by establishing and main-gency, legally required standby or optional standby system
taining safe switching procedures.permitted by 225.30 shall be installed sufficiently remote
Exception No. 2: This identification shall not be requiredfrom the one to six disconnecting means for normal supply
for branch circuits installed from a dwelling unit to a secondto minimize the possibility of simultaneous interruption of
building or structure.supply.

225.38 Disconnect Construction225.35 Access to Occupants
Disconnecting means shall meet the requirements ofIn a multiple-occupancy building, each occupant shall have
225.38(A) through (D).access to the occupant’s supply disconnecting means.
Exception: For garages and outbuildings on residential

Exception: In a multiple-occupancy building where electric property, snap switches or sets of 3-way or 4-way snap
supply and electrical maintenance are provided by the build- switches shall be permitted as the disconnecting means.
ing management and where these are under continuous
building management supervision, the supply disconnecting (A) Manually or Power Operable The disconnecting

means shall consist of either (1) a manually operable switchmeans supplying more than one occupancy shall be permit-
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225.53Article 225 — Outside Branch Circuits and Feeders

or a circuit breaker equipped with a handle or other suitable load side, shall be mounted in a readily accessible location,
and shall be of a lower ampere rating than the feeder overcur-operating means or (2) a power-operable switch or circuit

breaker, provided the switch or circuit breaker can be opened rent device.
by hand in the event of a power failure.

III. Over 600 Volts
(B) Simultaneous Opening of Poles Each building or

225.50 Sizing of Conductorsstructure disconnecting means shall simultaneously discon-
nect all ungrounded supply conductors that it controls from The sizing of conductors over 600 volts shall be in accor-
the building or structure wiring system. dance with 210.19(B) for branch circuits and 215.2(B) for

feeders.
(C) Disconnection of Grounded Conductor Where the
building or structure disconnecting means does not discon-

225.51 Isolating Switchesnect the grounded conductor from the grounded conductors
Where oil switches or air, oil, vacuum, or sulfur hexafluoridein the building or structure wiring, other means shall be
circuit breakers constitute a building disconnecting means,provided for this purpose at the location of disconnecting
an isolating switch with visible break contacts and meetingmeans. A terminal or bus to which all grounded conductors
the requirements of 230.204(B), (C), and (D) shall be in-can be attached by means of pressure connectors shall be
stalled on the supply side of the disconnecting means andpermitted for this purpose.
all associated equipment.In a multisection switchboard, disconnects for the

grounded conductor shall be permitted to be in any of the
Exception: The isolating switch shall not be required where

switchboard, provided any such switchboard is marked.
the disconnecting means is mounted on removable truck
panels or metal-enclosed switchgear units that cannot be(D) Indicating The building or structure disconnecting
opened unless the circuit is disconnected and that, whenmeans shall plainly indicate whether it is in the open or
removed from the normal operating position, automaticallyclosed position.
disconnect the circuit breaker or switch from all energized
parts.225.39 Rating of Disconnect

The feeder or branch-circuit disconnecting means shall have
225.52 Locationa rating of not less than the load to be supplied, determined
A building or structure disconnecting means shall be locatedin accordance with Parts I and II of Article 220 for branch
in accordance with 225.32, or it shall be electrically operatedcircuits, Parts III or IV of Article 220 for feeders, or Part
by a similarly located remote-control device.V of Article 220 for farm loads. In no case shall the rating

be lower than specified in 225.39(A), (B), (C), or (D).
225.53 Type

(A) One-Circuit Installation For installations to supply
Each building or structure disconnect shall simultaneouslyonly limited loads of a single branch circuit, the branch
disconnect all ungrounded supply conductors it controls andcircuit disconnecting means shall have a rating of not less
shall have a fault-closing rating not less than the maximumthan 15 amperes.
available short-circuit current available at its supply termi-
nals.(B) Two-Circuit Installations For installations consisting

Where fused switches or separately mounted fuses areof not more than two 2-wire branch circuits, the feeder or
installed, the fuse characteristics shall be permitted to con-branch-circuit disconnecting means shall have a rating of
tribute to the fault closing rating of the disconnecting means.not less than 30 amperes.

(C) One-Family Dwelling For a one-family dwelling, the The requirement for a disconnecting means for over-600-
feeder disconnecting means shall have a rating of not less volt feeders to buildings or structures is similar to the require-
than 100 amperes, 3-wire. ments found in 230.205(B). This disconnect can be an air,

oil, SF6, or vacuum breaker. It also can be an air, oil, SF6,(D) All Others For all other installations, the feeder or
or vacuum switch. Where a switch is used, fuses are permit-branch-circuit disconnecting means shall have a rating of
ted to help with the fault-closing capability of the switch.not less than 60 amperes.
The common practices of using fused load-break cutouts to
switch sections of overhead lines and using load-break el-225.40 Access to Overcurrent Protective Devices
bows to switch sections of underground lines are permitted.

Where a feeder overcurrent device is not readily accessible, However, the building disconnecting means must be gang-
branch-circuit overcurrent devices shall be installed on the
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225.60 Article 230 — Services

operated to simultaneously open and close all ungrounded Table 225.61 Clearances over Buildings and Other Structures
supply conductors. Load-break elbows and fused cutouts

Clearance from Horizontal Verticalcannot be used as the building disconnection means.
Conductors or Live

Parts from: m ft m ft

225.60 Clearances over Roadways, Walkways, Building walls, 2.3 7.5 — —
Rail, Water, and Open Land projections, and

windows(A) 22 kV Nominal to Ground or Less The clearances
Balconies, catwalks, 2.3 7.5 4.1 13.5over roadways, walkways, rail, water, and open land for

and similar areasconductors and live parts up to 22 kV nominal to ground
accessible to people

or less shall be not less than the values shown in Table
Over or under roofs or — — 3.8 12.5225.60. projections not

readily accessible to
peopleTable 225.60 Clearances over Roadways, Walkways, Rail,

Over roofs accessible — — 4.1 13.5Water, and Open Land
to vehicles but not
trucksClearance

Over roofs accessible — — 5.6 18.5
Location m ft to trucks

Other structures 2.3 7.5 — —
Open land subject to vehicles, cultivation, 5.6 18.5

or grazing
Roadways, driveways, parking lots, and 5.6 18.5 (B) Over 22 kV Nominal to Ground Clearances for the

alleys
categories shown in Table 225.61 shall be increased by 10Walkways 4.1 13.5
mm (0.4 in.) per kV above 22,000 volts.Rails 8.1 26.5

Spaces and ways for pedestrians and 4.4 14.5 FPN: For additional information, see ANSI C2-2002,
restricted traffic National Electrical Safety Code.

Water areas not suitable for boating 5.2 17

Section 225.61 and its associated table add clearance require-
ments and specific distances over buildings and structures

(B) Over 22 kV Nominal to Ground Clearances for the that correlate with requirements in the National Electrical
categories shown in Table 225.60 shall be increased by 10 Safety Code (NESC).
mm (0.4 in.) per kV above 22,000 volts.

(C) Special Cases For special cases, such as where cross- ARTICLE 230
ings will be made over lakes, rivers, or areas using large Servicesvehicles such as mining operations, specific designs shall
be engineered considering the special circumstances and

Summary of Changesshall be approved by the authority having jurisdiction.

• 230.2(A)(6): Added condition to have multiple servicesFPN: For additional information, see ANSI C2-2002,
for the purposes of enhancing reliability.National Electrical Safety Code.

• 230.40, Exception No.1: Revised to clarify that each oc-
cupancy is permitted to be supplied by a set of service-Section 225.60 and its associated table add clearance require-
entrance conductors from each service described in 230.2.ments and specific distances that correlate with requirements

in the National Electrical Safety Code� (NESC�). • 230.44: Revised to permit other than service conductors
if conductors are separated by a barrier.

• 230.71(A): Revised to permit additional disconnecting
225.61 Clearances over Buildings and means for transient voltage surge suppressors that are
Other Structures installed in listed equipment.
(A) 22 kV Nominal to Ground or Less The clearances • 230.72(B): Revised to include emergency systems in the
over buildings and other structures for conductors and live permission to have additional, remote disconnecting
parts up to 22 kV, nominal, to ground or less shall be not means.
less than the values shown in Table 225.61.

2005 National Electrical Code Handbook130

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



Article 230 — Services

• 230.82(3): Revised to require meter disconnect switches 230.32 Protection Against Damage
to have a short-circuit current rating not less than the 230.33 Spliced Conductors
available short-circuit current. IV. Service-Entrance Conductors

230.40 Number of Service-Entrance Conductor Sets• 230.82(8): Revised to permit transient voltage surge sup-
230.41 Insulation of Service-Entrance Conductorspressors installed in listed equipment to be connected on
230.42 Minimum Size and Ratingthe supply side of the service disconnecting means.

(A) General• 230.95: Deleted definition of solidly grounded and incor-
(B) Specific Installationsporated the concept into the requirement. Added new fine
(C) Grounded Conductorsprint note referencing 517.17(A).

230.43 Wiring Methods for 600 Volts, Nominal, or
Less

230.44 Cable Trays
230.46 Spliced ConductorsContents
230.49 Protection Against Physical Damage —230.1 Scope

UndergroundI. General
230.50 Protection of Open Conductors and Cables230.2 Number of Services

Against Damage — Above Ground(A) Special Conditions
(A) Service Cables(B) Special Occupancies
(B) Other Than Service Cable(C) Capacity Requirements

230.51 Mounting Supports(D) Different Characteristics
(A) Service Cables(E) Identification
(B) Other Cables230.3 One Building or Other Structure Not to Be
(C) Individual Open ConductorsSupplied Through Another

230.52 Individual Conductors Entering Buildings or230.6 Conductors Considered Outside the Building
Other Structures230.7 Other Conductors in Raceway or Cable

230.53 Raceways to Drain230.8 Raceway Seal
230.54 Overhead Service Locations230.9 Clearances on Buildings

(A) Raintight Service Head(A) Clearances
(B) Service Cable Equipped with Raintight Service(B) Vertical Clearance

Head or Gooseneck(C) Building Openings
(C) Service Heads and Goosenecks Above230.10 Vegetation as Support

Service-Drop AttachmentII. Overhead Service-Drop Conductors
(D) Secured230.22 Insulation or Covering
(E) Separately Bushed Openings230.23 Size and Rating
(F) Drip Loops(A) General
(G) Arranged That Water Will Not Enter Service(B) Minimum Size

Raceway or Equipment(C) Grounded Conductors
230.56 Service Conductor with the Higher Voltage to230.24 Clearances

Ground(A) Above Roofs
V. Service Equipment — General(B) Vertical Clearance from Ground

230.62 Service Equipment — Enclosed or Guarded(C) Clearance from Building Openings
(A) Enclosed(D) Clearance from Swimming Pools
(B) Guarded230.26 Point of Attachment

230.66 Marking230.27 Means of Attachment
VI. Service Equipment — Disconnecting Means230.28 Service Masts as Supports

230.70 General230.29 Supports over Buildings
(A) LocationIII. Underground Service-Lateral Conductors
(B) Marking230.30 Insulation
(C) Suitable for Use230.31 Size and Rating

230.71 Maximum Number of Disconnects(A) General
(A) General(B) Minimum Size

(C) Grounded Conductors (B) Single-Pole Units
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230.1 Article 230 — Services

230.1 Scope
230.72 Grouping of Disconnects

This article covers service conductors and equipment for(A) General
control and protection of services and their installation re-(B) Additional Service Disconnecting Means
quirements.(C) Access to Occupants

230.74 Simultaneous Opening of Poles FPN: See Figure 230.1.
230.75 Disconnection of Grounded Conductor
230.76 Manually or Power Operable
230.77 Indicating
230.79 Rating of Service Disconnecting Means

(A) One-Circuit Installation
(B) Two-Circuit Installations
(C) One-Family Dwelling
(D) All Others

230.80 Combined Rating of Disconnects
230.81 Connection to Terminals
230.82 Equipment Connected to the Supply Side of

Service Disconnect
VII. Service Equipment — Overcurrent Protection

230.90 Where Required
(A) Ungrounded Conductor
(B) Not in Grounded Conductor

230.91 Location
230.92 Locked Service Overcurrent Devices
230.93 Protection of Specific Circuits
230.94 Relative Location of Overcurrent Device and

Other Service Equipment
230.95 Ground-Fault Protection of Equipment

(A) Setting
(B) Fuses
(C) Performance Testing

VIII. Services Exceeding 600 Volts, Nominal
230.200 General
230.202 Service-Entrance Conductors

(A) Conductor Size
(B) Wiring Methods

230.204 Isolating Switches

Source

Overhead
Last pole

Underground
street main

Service drop Service lateralPart II Part III

Clearances Depth of burial
and protection

230.24 230.49

Service head Terminal box,
meter, or other
enclosure

Service-entrance
conductors

Part IV

Service equipment—general

Grounding

Part V

Article 250

Disconnecting means Part VI

Overcurrent protection Part VII

Branch circuits
Feeders

Articles 210, 225
Articles 215, 225

Part I
Part II
Part III
Part IV
Part V
Part VI
Part VII
Part VIII

General
Overhead Service-Drop Conductors
Underground Service-Lateral Conductors
Service-Entrance Conductors
Service Equipment—General
Service Equipment—Disconnecting Means
Service Equipment—Overcurrent Protection
Services Exceeding 600 Volts, Nominal

(A) Where Required
(B) Fuses as Isolating Switch

Figure 230.1 Services(C) Accessible to Qualified Persons Only
(D) Grounding Connection

230.205 Disconnecting Means
(A) Location The requirements for the subjects covered in Parts I through
(B) Type VIII of Article 230 are arranged as follows:
(C) Remote Control

230.206 Overcurrent Devices as Disconnecting Means Subject Part Section
General I 230.2–230.10230.208 Protection Requirements

(A) Equipment Type Overhead Service-Drop II 230.22–230.29
Conductors(B) Enclosed Overcurrent Devices

230.209 Surge Arresters (Lightning Arresters) Underground Service-Lateral III 230.30–230.33
Conductors230.210 Service Equipment — General Provisions

230.211 Metal-Enclosed Switchgear Service-Entrance Conductors IV 230.40–230.56
Service-Equipment—General V 230.62–230.66230.212. Over 35,000 Volts
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230.2Article 230 — Services

(B) Special Occupancies By special permission, addi-Subject Part Section
tional services shall be permitted for either of the following:Service-Equipment— VI 230.70–230.82

Disconnecting Means (1) Multiple-occupancy buildings where there is no avail-
Service-Equipment—Overcurrent VII 230.90–230.95 able space for service equipment accessible to all occu-

Protection pants
Services Exceeding 600 Volts, VIII 230.200–230.212 (2) A single building or other structure sufficiently large to

Nominal make two or more services necessary

Section 230.2(B) permits additional services for certain oc-
cupancies by special permission (written consent of the au-I. General thority having jurisdiction; see the definition of authority
having jurisdiction in Article 100). A separate service in230.2 Number of Services
multiple-occupancy buildings may be necessary if no spaceA building or other structure served shall be supplied by
is available for service equipment accessible to all occupants.only one service unless permitted in 230.2(A) through (D).
Also, if a building is large, more than one service is permit-For the purpose of 230.40, Exception No. 2 only, under-
ted. The expansion of buildings, shopping centers, and indus-ground sets of conductors, 1/0 AWG and larger, running to
trial plants often necessitates the addition of one or morethe same location and connected together at their supply
services. It may, for example, be impractical or impossibleend but not connected together at their load end shall be
to install one service for an industrial plant with sufficientconsidered to be supplying one service.
capacity for any and all future loads. It is also impractical
to run extremely long feeders. The serving utility and the

The basic requirement of 230.2 is that a building or other authority having jurisdiction should be consulted before the
structure can be supplied by only one service. However, use of this special permission is contemplated.
under certain conditions, where a single service may not be
adequate to supply a building or structure, 230.2 permits the
installation of additional services. Sections 230.2(A) through (C) Capacity Requirements Additional services shall be
230.2(D) describe those conditions under which more than permitted under any of the following:
one service is permitted. Where more than one service (or

(1) Where the capacity requirements are in excess of 2000combination of service, feeder, and branch circuit) is in-
amperes at a supply voltage of 600 volts or lessstalled, 230.2(E) requires that a permanent plaque or direc-

(2) Where the load requirements of a single-phase installa-tory with the pertinent information on the multiple sources
tion are greater than the serving agency normally sup-of supply be located at each supply source disconnecting
plies through one servicemeans.

(3) By special permission

(A) Special Conditions Additional services shall be per- Section 230.2(C) permits a building or structure to be served
mitted to supply the following: by two or more services if capacity requirements are in

excess of 2000 amperes at a supply voltage of 600 or less.
(1) Fire pumps

In such cases, it is not required that each service be rated
(2) Emergency systems

2000 amperes or that there be one service rated 2000 amperes
(3) Legally required standby systems

and the additional service(s) be rated for the calculated load
(4) Optional standby systems

in excess of 2000 amperes. For example, this provision
(5) Parallel power production systems

permits a building with a calculated load of 2300 amperes
to have two 1200-ampere services. Additional services for

The intent of 230.2(A) is that a disruption of the main lesser loads are also allowed by special permission.
building service should not disconnect fire pump equipment, Many electric power companies have specifications for
emergency systems, legally required standby systems, op- and have adopted special regulations covering certain types
tional standby systems, or parallel power production sys- of electrical loads and service equipment that may be ener-
tems. gized from their lines. Consultation with the serving utility

is advised to determine line and transformer capacities before
electrical services for large buildings and facilities are de-

(6) Systems designed for connection to multiple sources of signed.
supply for the purpose of enhanced reliability
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230.2 Article 230 — Services

(D) Different Characteristics Additional services shall be each must be noted on the plaques or directories. The plaques
permitted for different voltages, frequencies, or phases, or or directories should be of sufficient durability to withstand
for different uses, such as for different rate schedules. the ambient environment. See the commentary following

225.37 for further information on identification of multiple
supply sources to a building or structure.Section 230.2(D) permits the installation of more than one

service for different characteristics, such as different volt- Exhibits 230.2 through 230.13 illustrate examples of
permitted service configurations in accordance withages, frequencies, single-phase or 3-phase services, or differ-

ent utility rate schedules. For example, different service 230.2(B), 230.2(C), 230.40 Exceptions No.1 and No. 2,
230.71, and 230.72. The figures are intended to clarify somecharacteristics exist between a 3-wire, 120/240-volt, single-

phase service and a 3-phase, 4-wire, 480Y/277-volt service. of the Code rules that affect services that are often misunder-
stood. No attempt has been made to include every type ofFor different applications, such as different rate schedules,

this requirement allows a second service for supplying a service arrangement. It should be understood that the
second meter on a different rate. Curtailable loads, inter-
ruptible loads, electric heating, and electric water heating
are examples of loads that may be on a different rate.

(E) Identification Where a building or structure is supplied
by more than one service, or any combination of branch
circuits, feeders, and services, a permanent plaque or direc-
tory shall be installed at each service disconnect location
denoting all other services, feeders, and branch circuits sup-
plying that building or structure and the area served by each.
See 225.37.

Section 230.2(E) states that where any combination of
branch circuits, feeders, and services supplies power to a
building or structure, a permanent plaque or directory must

One building with more than one occupancy
be installed at each service disconnect location to indicate
where the other disconnects that feed the building are lo- Exhibit 230.2 Two services. Two service drops supplying two
cated, as illustrated in Exhibit 230.1. All the other services services installed at separate locations for a building where there
on or in the building or structure and the area served by is no available space for service equipment accessible to all

occupants. Maximum of six service disconnecting means for each
service.

A single-occupancy building with more than one service

Service no. 1 - Suite 10
Service no. 2 located at
northeast corner of building

Service no. 2 - Suite 20
Service no. 1 located at
southeast corner of building

Exhibit 230.3 Two services. Two service drops supplying two
services installed at separate locations for a building with capacityExhibit 230.1 An example of more than one service installed

for one building and permanent plaques or directories denoting requirements exceeding 2000 amperes. Maximum of six service
disconnecting means for each service.all other services and the area served by each.
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230.3Article 230 — Services

One building with more than one occupancy with separate loads

Exhibit 230.6 One service. One service drop supplying a single
service equipment enclosure with maximum of six service discon-One building with two groups of occupancies

necting means grouped at one location. Optional arrangement
to that in Exhibit 230.5.Exhibit 230.4 One service. One service drop supplying two ser-

vice equipment enclosures installed at separate locations, each
with maximum of six service disconnecting means.

One building with more than one occupancy with separate loads

Service
point

Exhibit 230.5 One service. One service drop supplying maxi-
One building with more than one occupancy with separate loads

Transformer

mum of six service equipment enclosures grouped at one
location.

Exhibit 230.7 One service. One service lateral consisting of six
sets of conductors 1/0 AWG or larger, terminating in a single
service equipment enclosure with maximum of six service discon-term one location, as applied to services, is determined by
necting means.the authority having jurisdiction.

served in this manner is required to be provided with a230.3 One Building or Other Structure Not to
disconnecting means for all ungrounded conductors, in ac-Be Supplied Through Another
cordance with Part VI, Service Equipment—Disconnecting

Service conductors supplying a building or other structure Means.
shall not pass through the interior of another building or For example, in Exhibit 230.14, Building No. 2 service
other structure. is not to be supplied through Building No. 1 service. The

service disconnecting means shown for Building No. 1 and
Building No. 2 are located on the exterior walls. A discon-Service conductors are permitted to be installed along the

exterior of one building to supply another building. However, necting means suitable for use as service equipment is re-
quired to be provided for each building. It is important toservice conductors supplying a building are not permitted

to pass through the interior of a building. Each building note that this requirement applies only to service conductors

National Electrical Code Handbook 2005 135

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



230.6 Article 230 — Services

One building with more than one occupancy with separate loads

Transformer

One building with more than one occupancy with separate loads

Transformer

Junction box

Exhibit 230.8 Two services. Two service laterals, terminating in Exhibit 230.10 One service. Two service laterals, each con-
sisting of conductors 1/0 AWG or larger, supplying two sets oftwo service equipment enclosures installed at separate locations,

with each enclosure permitted to have maximum of six service service-entrance conductors terminating in two service equip-
ment enclosures grouped in one location. Not more than sixdisconnecting means.
service disconnecting means permitted at this service location.

One building with more than one occupancy with separate loads

Transformer

One service lateral

Junction box

Exhibit 230.9 One service. One service lateral supplying two

Transformer

Four services to four separate buildings

Fire
walls

sets of service-entrance conductors terminating in two service
equipment enclosures grouped in one location. Not more than Exhibit 230.11 Four services. Four service laterals supplying
six service disconnecting means permitted at this service four service equipment enclosures installed at separate locations
location. on a contiguous structure, each enclosure with a maximum of

six service disconnecting means. Note presence of firewalls. See
definition of building in Article 100.

and does not apply to feeder or branch-circuit conductors
that originate in one building, pass through that building, and
exit the building of origin en route to supplying a separate (1) Where installed under not less than 50 mm (2 in.) of
building or structure. Feeder and branch-circuit conductors concrete beneath a building or other structure
are provided with overcurrent protection at the point they (2) Where installed within a building or other structure in
receive their supply unless otherwise permitted by 240.21. a raceway that is encased in concrete or brick not less

than 50 mm (2 in.) thick

230.6 Conductors Considered Outside
Service-entrance conductors are considered to be ‘‘outside’’the Building
a building if they are installed beneath the building under

Conductors shall be considered outside of a building or other not less than 2 in. of concrete or concealed in a raceway
structure under any of the following conditions:
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230.7Article 230 — Services

Service conductors

Transformer

Wireway

Building No. 1

Building No. 2

Exhibit 230.14 Service conductors installed in accordance with
230.3 so as not to pass through the interior of Building No. 1 toOne building with more than one occupancy with separate loads

Transformer

supply Building No. 2.

Exhibit 230.12 Two services. Two service laterals supplying two
service equipment enclosures installed at separate locations,
each enclosure with a maximum of six service disconnecting
means.

Min. 2-in.
encasement
in concrete
or brick

Service conductors

Multiple-occupancy
building

Exhibit 230.15 Service conductors considered outside a build-
ing where installed under not less than 2 in. of concrete beneath
the building or in a raceway encased by not less than 2 in. of
concrete or brick within the building.One building with more than one occupancy with separate loads

Transformer

Exhibit 230.13 One service. One service lateral supplying four
service equipment enclosures installed at different locations, with (3) Where installed in any vault that meets the construction
each enclosure permitted to have a maximum of six service requirements of Article 450, Part III
disconnecting means.

(4) Where installed in conduit and under not less than 450
mm (18 in.) of earth beneath a building or other structure

within the building and encased by not less than 2 in. of 230.7 Other Conductors in Raceway or Cable
concrete or brick, as illustrated in Exhibit 230.15. Service-

Conductors other than service conductors shall not be in-entrance conductors are also considered outside the building
stalled in the same service raceway or service cable.if they are installed in a vault. See 450.41 through 450.48 for

the construction requirements of transformer vaults. Service
conductors installed under 18 in. of earth beneath the build- All feeder and branch-circuit conductors must be separated

from service conductors. Service conductors are not pro-ing are also considered outside the building according to
230.6(4). vided with overcurrent protection where they receive their
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230.8 Article 230 — Services

that has an overall outer jacket such as Types SE, MC, andsupply; they are protected against overload conditions at
their load end by the service disconnect fuses or circuit MI cables. The intent is to protect the conductors from

physical damage and to protect personnel from accidentalbreakers. The amount of current that could be imposed on
feeder or branch-circuit conductors, should they be in the contact with the conductors. The exception permits service

conductors, including drip loops and service-drop conduc-same raceway and a fault occur, would be much higher than
the ampacity of the feeder or branch-circuit conductors. tors, to be located just above window openings, because

they are considered out of reach.
Exception No. 1: Grounding conductors and bonding jump-
ers.

Exception No. 2: Loadmanagement control conductors hav-
ing overcurrent protection.

Because load management control conductors, control cir-
cuits, and switch leg conductors for use with special rate
meters are usually short, they are allowed in the service
raceway or cable. (See Exhibit 230.24 for an example.)

230.8 Raceway Seal
Where a service raceway enters a building or structure from
an underground distribution system, it shall be sealed in

Raceway
or cable
with outer
covering

3-ft clearance
required

Less than
3 ft permitted

Service-drop
conductorsService-entrance

conductors

accordance with 300.5(G). Spare or unused raceways shall
also be sealed. Sealants shall be identified for use with the

Exhibit 230.16 Required dimensions for service conductors lo-cable insulation, shield, or other components.
cated alongside a window (left) and service conductors above
the top level of a window designed to be opened (right).

Sealant, such as duct seal or a bushing incorporating the
physical characteristics of a seal, must be used to seal the

(B) Vertical Clearance The vertical clearance of finalends of service raceways. The intent of this requirement is
spans above, or within 900 mm (3 ft) measured horizontallyto prevent water, usually the result of condensation due to
of, platforms, projections, or surfaces from which they mighttemperature differences, from entering the service equipment
be reached shall be maintained in accordance withvia the raceway. The sealant material should be compatible
230.24(B).with the conductor insulation and should not cause deteriora-

tion of the insulation over time. For underground services
Where service conductors are located within 3 ft measuredover 600 volts, nominal, refer to 300.50(E) for raceway seal
horizontally of a balcony, stair landing, or other platform,requirements. (See Exhibit 300.10 for an example.)
clearance to the platform must be at least 10 ft, as shown
in Exhibit 230.17. See 230.24(B) for vertical clearances from230.9 Clearances on Buildings
ground.

Service conductors and final spans shall comply with
230.9(A), (B), and (C).

(C) Building Openings Overhead service conductors shall
(A) Clearances Service conductors installed as open con- not be installed beneath openings through which materials
ductors or multiconductor cable without an overall outer may be moved, such as openings in farm and commercial
jacket shall have a clearance of not less than 900 mm (3 ft) buildings, and shall not be installed where they obstruct
from windows that are designed to be opened, doors, entrance to these building openings.
porches, balconies, ladders, stairs, fire escapes, or similar
locations.

Elevated openings in buildings through which materials may
Exception: Conductors run above the top level of a window be moved, such as barns and storage buildings, are often
shall be permitted to be less than the 900-mm (3-ft) require- high enough for the service conductors to be installed below
ment. the opening. However, 230.9(C) prohibits such placement

in order to reduce the likelihood of damage to the service
conductors and the potential for electric shock to personsAs illustrated in Exhibit 230.16, the clearance of 3 ft applies

to open conductors, not to a raceway or to a cable assembly using the openings.
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230.24Article 230 — Services

When a load is added to any service, the installer must be
aware of all existing loads. The potential for overloading
the service conductors must be governed by installer respon-
sibility and inspector awareness; they should not rely solely
on the usual method of overcurrent protection. The serving
electric utility should be notified whenever load is added,
to ensure that adequate power is available.

(B) Minimum Size The conductors shall not be smaller
than 8 AWG copper or 6 AWG aluminum or copper-clad
aluminum.

Exception: Conductors supplying only limited loads of a
single branch circuit — such as small polyphase power,
controlled water heaters, and similar loads — shall not be
smaller than 12 AWG hard-drawn copper or equivalent.

(C) Grounded Conductors The grounded conductor shall
not be less than the minimum size as required by 250.24(C).

230.24 Clearances
Service-drop conductors shall not be readily accessible and
shall comply with 230.24(A) through (D) for services not
over 600 volts, nominal.

(A) Above Roofs Conductors shall have a vertical clear-

3 ft

10 ft

Service-entrance
conductors

Service-drop
conductors

ance of not less than 2.5 m (8 ft) above the roof surface. The
Exhibit 230.17 Required dimensions for service conductors lo- vertical clearance above the roof level shall be maintained for
cated above a stair landing, according to 230.9(B) and 230.24(B). a distance of not less than 900 mm (3 ft) in all directions

from the edge of the roof.

230.10 Vegetation as Support
Service-drop conductors are not permitted to be readily ac-

Vegetation such as trees shall not be used for support of cessible. This main rule applies to services rated 600 volts
overhead service conductors. and less, grounded or ungrounded. An 8-ft vertical clearance

is required over the roof surface, extending 3 ft in all direc-
II. Overhead Service-Drop Conductors tions from the edge. Note that Exception No. 4 to 230.24(A)

allows the final span of the service drop to enter this space230.22 Insulation or Covering
in order to attach to the building or service mast.Individual conductors shall be insulated or covered.

Exception: The grounded conductor of a multiconductor
cable shall be permitted to be bare. Exception No. 1: The area above a roof surface subject to

pedestrian or vehicular traffic shall have a vertical clear-
ance from the roof surface in accordance with the clearanceThe intent of 230.22 is to prevent problems created by
requirements of 230.24(B).weather and abrasion and other deleterious effects that re-

duce the insulating quality of the covering or insulation.
The grounded conductor (neutral) of triplex or quadraplex Exception No. 1 to 230.24(A) requires service-drop conduc-
service-drop conductors is often bare and used to mechani- tor clearance above a roof surface subject to vehicular or
cally support the ungrounded conductors. pedestrian traffic, such as the rooftop parking area shown

in Exhibit 230.18, to meet the clearance requirements of
230.24(B).

230.23 Size and Rating
(A) General Conductors shall have sufficient ampacity to
carry the current for the load as calculated in accordance with Exception No. 2: Where the voltage between conductors

does not exceed 300 and the roof has a slope of 100 mm inArticle 220 and shall have adequate mechanical strength.
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230.24 Article 230 — Services

(18 in.) shall be permitted if (1) not more than 1.8 m (6 ft)
of service-drop conductors, 1.2 m (4 ft) horizontally, pass
above the roof overhang, and (2) they are terminated at a
through-the-roof raceway or approved support.

FPN: See 230.28 for mast supports.

Exception No. 3 to 230.24(A) permits a reduction of service-
drop conductor clearances to 18 in. above the roof, as illus-
trated in Exhibit 230.20. This reduction is for service-mast
(through-the-roof) installations where the voltage between
conductors does not exceed 300 volts (e.g., 120/240, 208Y/
120 services) and the mast is located within 4 ft of the edge
of the roof, measured horizontally. Exception No. 3 applies

Service drop
(600 V or less)

Clearance above
area subject to
vehicular traffic

to sloped or flat roofs that are easily walked on. Not more
than 6 ft of conductors is permitted to pass over the roof.Exhibit 230.18 Service-drop conductor clearance required by

230.24(A), Exception No. 1.

300 mm (4 in. in 12 in.) or greater, a reduction in clearance
to 900 mm (3 ft) shall be permitted.

Exception No. 2 to 230.24(A) permits a reduction in service-
drop conductor clearance above the roof from 8 ft to 3 ft,
as illustrated in Exhibit 230.19, where the voltage between
conductors does not exceed 300 volts (e.g., 120/240, 208Y/
120 services) and the roof is sloped not less than 4 in.
vertically in 12 in. horizontally. Steeply sloped roofs are
less likely to be walked on by other than those who have
to work on the roof. There are no restrictions on the length
of the conductors over the roof.

18in.
min.

4 ft 

300 V or less
(between conductors)
6 ft max.

Exhibit 230.20 Reduction in clearance above a roof as permitted
by 230.24(A), Exception No. 3.

Exception No. 4: The requirement for maintaining the verti-
cal clearance 900 mm (3 ft) from the edge of the roof shall

3 ft min.

Service drop
(300 V or less
between conductors)

not apply to the final conductor span where the service drop
is attached to the side of a building.Exhibit 230.19 Reduction in clearance above a roof as permitted

by 230.24(A), Exception No. 2.

Section 230.24(A) applies to the vertical clearance above
Exception No. 3: Where the voltage between conductors roofs for service-drop conductors up to 600 volts. This main
does not exceed 300, a reduction in clearance above only rule requires a vertical clearance of 8 ft above the roof,
the overhanging portion of the roof to not less than 450 mm
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230.27Article 230 — Services

including those areas 3 ft in all directions beyond the edge (4) 5.5 m (18 ft) — over public streets, alleys, roads, parking
areas subject to truck traffic, driveways on other thanof the roof.

Exception No. 4 to 230.24(A) exempts the final span residential property, and other land such as cultivated,
grazing, forest, and orchardof a service drop attached to the side of a building from the

8-ft and 3-ft requirements, to allow the service conductors
to be attached to the building, as illustrated in Exhibit 230.21. Exhibit 230.22 illustrates the 10-ft, 12-ft, 15-ft, and 18-ft
Exception No. 2 and Exception No. 3 permit lesser clear- vertical clearances from ground for service-drop conductors
ances for service drops of 300 volts or less, as illustrated in up to 600 volts, as specified by 230.24(B). The voltages
Exhibits 230.19 and 230.20. given in 230.24(B)(1), 230.24(B)(2), and 230.24(B)(3) are

nominal voltages to ground, not the nominal voltage
between circuit conductors as specified in 230.24(A),
Exceptions No. 2 and No. 3. This is important to note,
because a 480Y/277-volt system (277 volts to ground) is
covered by the 12-ft clearance requirement in 230.24(B)(2),
but an ungrounded 480-volt system (considered to be 480
volts to ground) is required to have a 15-ft clearance over
commercial areas not subject to truck traffic, in accordance
with (B)(3).

Service drop
(600 V or less)

8 ft

3 ft

Exhibit 230.21 Clearance of the final span of a service drop, as
permitted by 230.24(A), Exception No. 4.

If the roof is subject to pedestrian or vehicular traffic,

18 ft
15 ft

10 ft
(150 V to
ground)

12 ft
(300 V or less
to ground)

Area accessible to
pedestrians only

(over 300 V 
to ground)

the vertical clearance of the service drop must be the same
as the vertical clearance from the ground, in accordance Exhibit 230.22 Clearances in accordance with 230.24(B).
with 230.24(B).

(C) Clearance from Building Openings See 230.9.
(B) Vertical Clearance from Ground Service-drop con-

(D) Clearance from Swimming Pools See 680.8.ductors, where not in excess of 600 volts, nominal, shall
have the following minimum clearance from final grade:

230.26 Point of Attachment
(1) 3.0 m (10 ft) — at the electric service entrance to build-

The point of attachment of the service-drop conductors toings, also at the lowest point of the drip loop of the
a building or other structure shall provide the minimumbuilding electric entrance, and above areas or sidewalks
clearances as specified in 230.9 and 230.24. In no case shallaccessible only to pedestrians, measured from final
this point of attachment be less than 3.0 m (10 ft) abovegrade or other accessible surface only for service-drop
finished grade.cables supported on and cabled together with a grounded

bare messenger where the voltage does not exceed 150
230.27 Means of Attachmentvolts to ground

(2) 3.7 m (12 ft) — over residential property and driveways, Multiconductor cables used for service drops shall be
attached to buildings or other structures by fittings identifiedand those commercial areas not subject to truck traffic

where the voltage does not exceed 300 volts to ground for use with service conductors. Open conductors shall be
attached to fittings identified for use with service conductors(3) 4.5 m (15 ft) — for those areas listed in the 3.7-m (12-

ft) classification where the voltage exceeds 300 volts or to noncombustible, nonabsorbent insulators securely
attached to the building or other structure.to ground
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230.28 Article 230 — Services

See 230.51 for mounting and supporting of service cables
and individual open service conductors. See 230.54 for con-
nections at service heads.

230.28 Service Masts as Supports
Where a service mast is used for the support of service-drop
conductors, it shall be of adequate strength or be supported
by braces or guys to withstand safely the strain imposed by
the service drop. Where raceway-type service masts are used,
all raceway fittings shall be identified for use with service

Bare copper,
in raceway

Bare copper, direct 
buried, suitable for 
soil conditions

Bare copper (or 
aluminum), part of 
an identified cable  
assembly

masts. Only power service-drop conductors shall be permit-
ted to be attached to a service mast.

Exhibit 230.23 Bare grounded service-lateral and service-en-
trance conductors for underground locations.

Where the service drop is secured to the mast, a guy wire
may be installed to support the mast and provide adequate

230.31 Size and Ratingmechanical strength to support the service drop. Communi-
(A) General Service-lateral conductors shall have suffi-cations conductors such as those for cable TV or telephone
cient ampacity to carry the current for the load as calculatedservice are not permitted to be attached to the service mast.
in accordance with Article 220 and shall have adequate
mechanical strength.

230.29 Supports over Buildings
(B) Minimum Size The conductors shall not be smallerService-drop conductors passing over a roof shall be securely
than 8 AWG copper or 6 AWG aluminum or copper-cladsupported by substantial structures. Where practicable, such
aluminum.supports shall be independent of the building.
Exception: Conductors supplying only limited loads of a

III. Underground Service-Lateral single branch circuit — such as small polyphase power,
controlled water heaters, and similar loads — shall not beConductors
smaller than 12 AWG copper or 10 AWG aluminum or

230.30 Insulation copper-clad aluminum.
Service-lateral conductors shall be insulated for the applied

(C) Grounded Conductors The grounded conductor shallvoltage.
not be less than the minimum size required by 250.24(C).

Exception: A grounded conductor shall be permitted to be
uninsulated as follows:

See 310.15(B)(3) for requirements on the allowable ampac-
(1) Bare copper used in a raceway. ity of bare and covered conductors. For further information
(2) Bare copper for direct burial where bare copper is on sizing the grounded conductor for dwelling services, refer

judged to be suitable for the soil conditions. to 310.15(B)(6); for more information on sizing the grounded
(3) Bare copper for direct burial without regard to soil service conductor for any occupancy, see the commentary

conditions where part of a cable assembly identified for following 230.42(C).
underground use.

(4) Aluminum or copper-clad aluminum without individual
230.32 Protection Against Damageinsulation or covering where part of a cable assembly
Underground service-lateral conductors shall be protectedidentified for underground use in a raceway or for direct
against damage in accordance with 300.5. Service-lateralburial.
conductors entering a building shall be installed in accor-
dance with 230.6 or protected by a raceway wiring methodExhibit 230.23 shows various applications of bare grounded
identified in 230.43.service-lateral and service-entrance conductors for under-

ground locations. Aluminum or copper-clad aluminum con- 230.33 Spliced Conductors
ductors must be insulated if they are run in a raceway or

Service-lateral conductors shall be permitted to be spliceddirect buried, unless they are part of a cable assembly identi-
or tapped in accordance with 110.14, 300.5(E), 300.13, andfied for the use.
300.15.
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230.42Article 230 — Services

230.41 Insulation of Service-EntranceIV. Service-Entrance Conductors
Conductors

230.40 Number of Service-Entrance
Service-entrance conductors entering or on the exterior ofConductor Sets
buildings or other structures shall be insulated.

Each service drop or lateral shall supply only one set of
service-entrance conductors. Exception: A grounded conductor shall be permitted to be

uninsulated as follows:
Exception No. 1: A building shall be permitted to have
one set of service-entrance conductors for each service, (1) Bare copper used in a raceway or part of a service

cable assembly.as defined in 230.2, run to each occupancy or group of
occupancies. (2) Bare copper for direct burial where bare copper is

judged to be suitable for the soil conditions.Exception No. 2: Where two to six service disconnecting
(3) Bare copper for direct burial without regard to soilmeans in separate enclosures are grouped at one location

conditions where part of a cable assembly identified forand supply separate loads from one service drop or lateral,
underground use.one set of service-entrance conductors shall be permitted to

(4) Aluminum or copper-clad aluminum without individualsupply each or several such service equipment enclosures.
insulation or covering where part of a cable assembly
or identified for underground use in a raceway, or for

See Exhibit 230.2 through Exhibit 230.13 for examples of direct burial.
permitted service configurations. Note that in Exhibit 230.7 (5) Bare conductors used in an auxiliary gutter.
and Exhibit 230.10 the multiple sets of service lateral con-
ductors are considered to be a single service lateral in accor-

Service-entrance conductors must be insulated; however,dance with 230.2.
bare grounded conductors are permitted under the same con-
ditions as underground service laterals. Bare grounded con-
ductors are permitted in an auxiliary gutter that is used

Exception No. 3: A single-family dwelling unit and a sepa- to supplement the space of a metering enclosure, service
rate structure shall be permitted to have one set of service- panelboard, or service switchboard. See Exhibit 230.23,
entrance conductors run to each from a single service drop which shows examples of bare grounded conductors for
or lateral. underground locations.

Each set of service-drop or service-lateral conductors is al-
lowed to supply only one set of service-entrance conductors. 230.42 Minimum Size and Rating
However, if a service drop or a service lateral supplies a (A) General The ampacity of the service-entrance conduc-
building with more than one occupancy, such as multifamily tors before the application of any adjustment or correction
dwellings, strip malls, and office buildings, each service factors shall not be less than either (A)(1) or (A)(2). Loads
drop or service lateral is allowed to supply more than one shall be determined in accordance with Article 220. Ampac-
set of service-entrance conductors, provided they are run to ity shall be determined from 310.15. The maximum allow-
each occupancy or group of occupancies. able current of busways shall be that value for which the

Exception No. 3 to 230.40 allows a second set of service- busway has been listed or labeled.
entrance conductors supplied by a single service drop or

(1) The sum of the noncontinuous loads plus 125 percentlateral at a single-family dwelling unit to also supply another
of continuous loadsbuilding on the premises, such as a garage or storage shed.

(2) The sum of the noncontinuous load plus the continuous
load if the service-entrance conductors terminate in an
overcurrent device where both the overcurrent device

Exception No. 4: A two-family dwelling or a multifamily and its assembly are listed for operation at 100 percent
dwelling shall be permitted to have one set of service-en- of their rating
trance conductors installed to supply the circuits covered in
210.25. (B) Specific Installations In addition to the requirements

of 230.42(A), the minimum ampacity for ungrounded con-Exception No. 5: One set of service-entrance conductors
connected to the supply side of the normal service discon- ductors for specific installations shall not be less than the

rating of the service disconnecting means specified innecting means shall be permitted to supply each or several
systems covered by 230.82(4) or 230.82(5). 230.79(A) through (D).
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230.43 Article 230 — Services

(12) CablebusThe basic rule in 230.42(B) requires ungrounded service
(13) Type MC cableconductors to be sized large enough to carry the calculated
(14) Mineral-insulated, metal-sheathed cableload and to have an ampacity not less than the minimum
(15) Flexible metal conduit not over 1.8 m (6 ft) long orrating of the service disconnecting means required by

liquidtight flexible metal conduit not over 1.8 m (6 ft)230.79(A) through 230.79(D).
long between raceways, or between raceway and service
equipment, with equipment bonding jumper routed with
the flexible metal conduit or the liquidtight flexible(C) Grounded Conductors The grounded conductor shall
metal conduit according to the provisions ofnot be less than the minimum size as required by 250.24(C).
250.102(A), (B), (C), and (E)

(16) Liquidtight flexible nonmetallic conduitThe minimum conductor needed to carry the maximum un-
balanced load calculated in accordance with 220.61 and the

Where flexible metal conduit or liquidtight flexible metalminimum size conductor necessary to complete the effective
conduit is installed for services, a bonding jumper must beground fault current path required by 250.24(C) are the two
installed between both ends within the raceway. The bondingsections of the Code that directly affect the minimum size
jumper is allowed to be installed outside the raceway, butrequired for the grounded service conductor. The largest
it must follow the path of the raceway and cannot exceedconductor determined in accordance with these two sections
6 ft in length. The bonding jumper must not be wrapped oris to be used as the minimum size for the grounded service
spiraled around the flexible conduit.conductor. Section 220.61 does have demand factors that

can be applied to certain portions of the unbalanced load.
The additional heating effect of harmonic currents due 230.44 Cable Trays

to nonlinear loads should be considered in the sizing of the
Cable tray systems shall be permitted to support service-

neutral conductor of a 3-phase, 4-wire wye system. If the
entrance conductors. Cable trays used to support service-

service to a building is a single-phase, 3-wire, 120/240-volt
entrance conductors shall contain only service-entrance con-

system with no 240-volt loads, the maximum current in the
ductors.

neutral would be the same as the maximum current in the
Exception: Conductors other than service-entrance conduc-ungrounded conductor. If all loads connected to one leg are
tors shall be permitted to be installed in a cable tray with‘‘on’’ and all the other loads on the other leg are ‘‘off,’’ the
service-entrance conductors, provided a solid fixed barrierneutral will carry the maximum current. In such cases, the
of a material compatible with the cable tray is installed tosize of the service neutral cannot be reduced and would be
separate the service-entrance conductors from other conduc-sized the same as the ungrounded conductors. See
tors installed in the cable tray.310.15(B)(4) for more information on when the grounded

conductor has to be considered a current-carrying conductor 230.46 Spliced Conductors
for the purposes of ampacity adjustment.

Service-entrance conductors shall be permitted to be spliced
or tapped in accordance with 110.14, 300.5(E), 300.13, and
300.15.230.43 Wiring Methods for 600 Volts, Nominal,

or Less
Splices are permitted in service-entrance conductors if theService-entrance conductors shall be installed in accordance
splice meets the requirements of 230.46. Splices must be inwith the applicable requirements of this Code covering the
an enclosure or be direct buried using a listed undergroundtype of wiring method used and shall be limited to the
splice kit. It is common to have an underground servicefollowing methods:
lateral terminate at a terminal box either inside or outside

(1) Open wiring on insulators the building. At that point, service conductors may be spliced
(2) Type IGS cable or run directly to the service equipment.
(3) Rigid metal conduit Splices are permitted where, for example, the cable
(4) Intermediate metal conduit enters a terminal box and a different wiring method, such
(5) Electrical metallic tubing as conduit, continues to the service equipment. Splices are
(6) Electrical nonmetallic tubing (ENT) most common where metering equipment is located on the
(7) Service-entrance cables line side of service equipment, service busways, and taps
(8) Wireways for supplying up to six disconnecting means. See Exhibit
(9) Busways 230.24 for splice/flash connections permitted in metering

(10) Auxiliary gutters equipment.
(11) Rigid nonmetallic conduit
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230.52Article 230 — Services

(1) Rigid metal conduit
(2) Intermediate metal conduit
(3) Schedule 80 rigid nonmetallic conduit
(4) Electrical metallic tubing
(5) Other approved means

(B) Other Than Service Cable Individual open conduc-
tors and cables other than service cables shall not be installed
within 3.0 m (10 ft) of grade level or where exposed to
physical damage.

Exception: Type MI and Type MC cable shall be permitted
within 3.0 m (10 ft) of grade level where not exposed to
physical damage or where protected in accordance with
300.5(D).

230.51 Mounting Supports
Cables or individual open service conductors shall be sup-
ported as specified in 230.51(A), (B), or (C).

(A) Service Cables Service cables shall be supported by
straps or other approved means within 300 mm (12 in.) of
every service head, gooseneck, or connection to a raceway
or enclosure and at intervals not exceeding 750 mm (30 in.).

(B) Other Cables Cables that are not approved for mount-

Service-entrance conductors

Water heater 
time switch 
terminal(s)

To lower 
water heater 

element

For lighting and 
appliance loads

For water heaterService 
equipment

ing in contact with a building or other structure shall be
Exhibit 230.24 Time clock and control switch integral to a meter mounted on insulating supports installed at intervals not
for use, generally, with water heaters. exceeding 4.5 m (15 ft) and in a manner that maintains a

clearance of not less than 50 mm (2 in.) from the surface
over which they pass.230.49 Protection Against Physical Damage —
(C) Individual Open Conductors Individual open con-Underground
ductors shall be installed in accordance with TableUnderground service-entrance conductors shall be protected
230.51(C). Where exposed to the weather, the conductorsagainst physical damage in accordance with 300.5.
shall be mounted on insulators or on insulating supports
attached to racks, brackets, or other approved means. Where230.50 Protection of Open Conductors and
not exposed to the weather, the conductors shall be mountedCables Against Damage — Above Ground
on glass or porcelain knobs.Service-entrance conductors installed above ground shall be

protected against physical damage as specified in 230.50(A) 230.52 Individual Conductors Entering
or (B). Buildings or Other Structures
(A) Service Cables Service cables, where subject to physi- Where individual open conductors enter a building or other

structure, they shall enter through roof bushings or throughcal damage, shall be protected by any of the following:

Table 230.51(C) Supports

Minimum Clearance
Maximum Distance Between

Supports Between Conductors From Surface
Maximum

Volts m ft mm in. mm in.

600 2.7 9 150 6 50 2
600 4.5 15 300 12 50 2
300 1.4 41⁄2 75 3 50 2
600* 1.4* 41⁄2* 65* 21⁄2* 25* 1*

*Where not exposed to weather.
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230.53 Article 230 — Services

the wall in an upward slant through individual, noncombusti- (2) below the level of the termination of the service-entrance
cable sheath.ble, nonabsorbent insulating tubes. Drip loops shall be

formed on the conductors before they enter the tubes.
(G) Arranged That Water Will Not Enter Service Race-
way or Equipment Service-drop conductors and service-230.53 Raceways to Drain
entrance conductors shall be arranged so that water will not

Where exposed to the weather, raceways enclosing service- enter service raceway or equipment.
entrance conductors shall be raintight and arranged to drain.
Where embedded in masonry, raceways shall be arranged

Service raceways and service cables are required to beto drain.
equipped with a raintight service head (weatherhead). Type

Exception: As permitted in 348.12(1). SE service-entrance cables may be installed without a service
head if they are run continuously from a utility pole to
metering or service equipment or if they are shaped in aThe goal of 230.53 is to prevent water from entering internal
downward direction (forming a ‘‘gooseneck’’) and sealedelectrical equipment through the raceway system. Service
by taping and painting, as shown in Exhibit 230.25.raceways exposed to the weather must have raintight fittings

Service heads and goosenecks are required to be locatedand drain holes. During the installation of raceways in ma-
above the service-drop point of attachment to the buildingsonry, provisions to drain and divert water should be made
or structure unless such location is not feasible, in whichto prevent the entrance of surface water, rain, or water from
case the service head or gooseneck is permitted to be locatedpoured concrete.
not farther than 24 in. from the point of attachment, in
accordance with the exception to 230.54(C). Individual con-

230.54 Overhead Service Locations ductors should extend in a downward direction, as shown
in Exhibit 230.25, or drip loops should be formed so that,(A) Raintight Service Head Service raceways shall be
where splices are made, they are at the lowest point of theequipped with a raintight service head at the point of connec-
drip loop.tion to service-drop conductors.

(B) Service Cable Equipped with Raintight Service Head
or Gooseneck Service cables shall be equipped with a rain-
tight service head.

Exception: Type SE cable shall be permitted to be formed in
a gooseneck and taped with a self-sealing weather-resistant
thermoplastic.

(C) Service Heads and Goosenecks Above Service-Drop
Attachment Service heads and goosenecks in service-en-
trance cables shall be located above the point of attachment
of the service-drop conductors to the building or other struc-
ture.

Exception: Where it is impracticable to locate the service
head or gooseneck above the point of attachment, the service
head or gooseneck location shall be permitted not farther
than 600 mm (24 in.) from the point of attachment.

(D) Secured Service cables shall be held securely in place.

(E) Separately Bushed Openings Service heads shall

Service cableTaped
and
painted

Service drop

have conductors of different potential brought out through
separately bushed openings.

Exhibit 230.25 A service-entrance cable that terminates in a
gooseneck without a raintight service head (weatherhead).Exception: For jacketed multiconductor service cable with-

out splice.

230.56 Service Conductor with the Higher(F) Drip Loops Drip loops shall be formed on individual
Voltage to Groundconductors. To prevent the entrance of moisture, service-

entrance conductors shall be connected to the service-drop On a 4-wire, delta-connected service where the midpoint of
one phase winding is grounded, the service conductor havingconductors either (1) below the level of the service head or
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230.71Article 230 — Services

(A) Location The service disconnecting means shall be in-the higher phase voltage to ground shall be durably and
permanently marked by an outer finish that is orange in stalled in accordance with 230.70(A)(1), (A)(2), and (A)(3).
color, or by other effective means, at each termination or
junction point. No maximum distance is specified from the point of entrance

of service conductors to a readily accessible location for the
installation of a service disconnecting means. The authorityProper service connections require the service conductors

having the higher voltage to ground to be durably marked enforcing this Code has the responsibility for, and is charged
with, making the decision as to how far inside the buildingby an outer finish of orange, such as by painting, colored

adhesive tagging, or taping. Marking should be at both the the service-entrance conductors are allowed to travel to the
service disconnecting means. The length of service-entrancepoint of connection to the service-drop conductors and the

point of connection to the service disconnecting means. See conductors should be kept to a minimum inside buildings,
because power utilities provide limited overcurrent protec-110.15 and 408.3(E) for high-leg marking and phase arrange-

ment requirements. tion. In the event of a fault, the service conductors could
ignite nearby combustible materials.

Some local jurisdictions have ordinances that allow ser-V. Service Equipment — General
vice-entrance conductors to run within the building up to a

230.62 Service Equipment — Enclosed or specified length to terminate at the disconnecting means.
The authority having jurisdiction may permit service conduc-Guarded
tors to bypass fuel storage tanks or gas meters and the like,Energized parts of service equipment shall be enclosed as
permitting the service disconnecting means to be located inspecified in 230.62(A) or guarded as specified in 230.62(B).
a readily accessible location.

(A) Enclosed Energized parts shall be enclosed so that they However, if the authority judges the distance as being
will not be exposed to accidental contact or shall be guarded excessive, the disconnecting means may be required to be lo-
as in 230.62(B). cated on the outside of the building or near the building at a

readily accessible location that is not necessarily nearest the(B) Guarded Energized parts that are not enclosed shall
point of entrance of the conductors. See also 230.6 and Exhibitbe installed on a switchboard, panelboard, or control board
230.15 for conductors considered to be outside a building.and guarded in accordance with 110.18 and 110.27. Where

See 404.8(A) for mounting-height restrictions forenergized parts are guarded as provided in 110.27(A)(1) and
switches and for circuit breakers used as switches.(A)(2), a means for locking or sealing doors providing access

to energized parts shall be provided.

(1) Readily Accessible Location The service discon-230.66 Marking
necting means shall be installed at a readily accessible loca-Service equipment rated at 600 volts or less shall be marked
tion either outside of a building or structure or inside nearestto identify it as being suitable for use as service equipment.
the point of entrance of the service conductors.Individual meter socket enclosures shall not be considered

service equipment. (2) Bathrooms Service disconnecting means shall not be
installed in bathrooms.

According to the listing information, panelboards with the
(3) Remote Control Where a remote control device(s) isneutral factory-bonded to the enclosure are to be marked
used to actuate the service disconnecting means, the service‘‘Suitable Only for Use as Service Equipment.’’ Other types
disconnecting means shall be located in accordance withof equipment intended for optional use, either as service
230.70(A)(1).equipment or as subdistribution panelboards for feeders on

the load side of the service disconnect, are required by 230.66 (B) Marking Each service disconnect shall be permanently
to be marked as suitable for use as service equipment. Section marked to identify it as a service disconnect.
225.36 requires feeder and branch circuit disconnecting
means to be suitable for use as service equipment. (C) Suitable for Use Each service disconnecting means

shall be suitable for the prevailing conditions. Service equip-
ment installed in hazardous (classified) locations shall com-VI. Service Equipment — Disconnecting
ply with the requirements of Articles 500 through 517.Means

230.70 General 230.71 Maximum Number of Disconnects
Means shall be provided to disconnect all conductors in a (A) General The service disconnecting means for each ser-

vice permitted by 230.2, or for each set of service-entrancebuilding or other structure from the service-entrance conduc-
tors. conductors permitted by 230.40, Exception Nos. 1, 3, 4, or
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230.72 Article 230 — Services

5, shall consist of not more than six switches or sets of
circuit breakers, or a combination of not more than six
switches and sets of circuit breakers, mounted in a single
enclosure, in a group of separate enclosures, or in or on a
switchboard. There shall be not more than six sets of discon-
nects per service grouped in any one location. For the pur-
pose of this section, disconnecting means used solely for
power monitoring equipment, transient voltage surge sup-
pressors, or the control circuit of the ground-fault protection
system or power-operable service disconnecting means, in-
stalled as part of the listed equipment, shall not be considered
a service disconnecting means.

Section 230.71(A) covers the maximum number of discon-
nects permitted as the disconnecting means for the service
conductors that supply the building or structure. One set of
service-entrance conductors, either overhead or under-
ground, is permitted to supply two to six service discon- Exhibit 230.26 An enclosure for grouping service equipment

consisting of six circuit breakers or six fused switches.necting means in lieu of a single main disconnect. A single-
occupancy building can have up to six disconnects for each
set of service-entrance conductors. Multiple-occupancy
buildings (residential or other than residential) can be pro-

ted on multiwire circuits, one pole for each ungroundedvided with one main service disconnect or up to six main
conductor, as one multipole disconnect, provided they aredisconnects for each set of service-entrance conductors.
equipped with handle ties or a master handle to disconnectMultiple-occupancy buildings may have service-
all conductors of the service with no more than six operationsentrance conductors run to each occupancy, and each such
of the hand.set of service-entrance conductors may have from one to

six disconnects (see 230.40, Exception No. 1). FPN: See 408.36(A) for service equipment in pan-
elboards, and see 430.95 for service equipment in motorWhere service-entrance conductors are routed outside
control centers.the building (see 230.6 and Exhibit 230.15), each set of

service-entrance conductors is permitted to supply not more
230.72 Grouping of Disconnectsthan six disconnecting means at each occupancy of a multi-

ple-occupancy building. See Exhibit 230.2 through Exhibit (A) General The two to six disconnects as permitted in
230.13 for examples of permitted service configurations. 230.71 shall be grouped. Each disconnect shall be marked

Exhibit 230.26 shows a single enclosure for grouping to indicate the load served.
service equipment that consists of six circuit breakers or six

Exception: One of the two to six service disconnectingfused switches. This arrangement does not require a main
means permitted in 230.71, where used only for a water pumpswitch. Six separate enclosures also would be permitted as
also intended to provide fire protection, shall be permitted tothe service equipment. Revised in the 2005 Code to also
be located remote from the other disconnecting means.include switches that disconnect power to transient voltage

surge suppressors and power monitoring equipment, the last
The water pump in 230.72(A), Exception, is not the firesentence of 230.71(A) specifies that the disconnect switch
pump covered by the requirements of Article 695; rather, itfor such equipment installed as part of the listed equipment
is a water pump used for normal water supply and also fordoes not count as one of the six service disconnecting means
fire protection. This application is common in agriculturalpermitted by 230.71(A). The disconnecting means for the
settings and permits separation of the water pump disconnectcontrol circuit of ground-fault protection equipment or for
so it can remain operational in the event of a problem at thea power-operable service disconnecting means are also not
location of the other service disconnecting means.considered to be service disconnecting means where such

disconnecting means are installed as a component of listed
equipment.

(B) Additional Service Disconnecting Means The one or
more additional service disconnecting means for fire pumps,

(B) Single-Pole Units Two or three single-pole switches emergency systems, legally required standby, or optional
standby services permitted by 230.2 shall be installed remoteor breakers, capable of individual operation, shall be permit-
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230.79Article 230 — Services

from the one to six service disconnecting means for normal disconnects for the grounded conductor shall be permitted
to be in any section of the switchboard, provided any suchservice to minimize the possibility of simultaneous interrup-

tion of supply. switchboard section is marked.

Provisions are required at the service equipment for discon-The intent of 230.2(A) is to permit separate services, where
necessary, for fire pumps (with one to six disconnects) or necting the grounded conductor from the premises wiring.

This disconnection does not have to be by operation offor emergency, legally required standby, or optional standby
systems (with one to six disconnects), in addition to the one the service disconnecting means. Disconnection can be, and

most commonly is, accomplished by manually removing theto six disconnects for the normal building service. Article
230 recognizes that a disruption of the normal building grounded conductor from the bus or terminal bar to which

it is lugged or bolted. This location is often referred to asservice should not disconnect the fire pump, emergency
system, or other exempted systems. Because these services the neutral disconnect link.

Manufacturers design neutral terminal bars for serviceare in addition to the normal services, the one to six discon-
nects allowed for them are not included as one of the six equipment so that grounded conductors must be cut to be

attached; that is, the grounded conductor cannot be rundisconnects for the normal supply. These separate services
are permitted by 230.2 and are required to be installed in straight through the service equipment without means of

disconnection from the premises wiring.accordance with all the applicable requirements of Article
230.

230.76 Manually or Power Operable
(C) Access to Occupants In a multiple-occupancy build- The service disconnecting means for ungrounded service
ing, each occupant shall have access to the occupant’s service conductors shall consist of one of the following:
disconnecting means.

(1) A manually operable switch or circuit breaker equipped
with a handle or other suitable operating means

A multiple-occupancy building may have any number of (2) A power-operated switch or circuit breaker, provided
dwelling units, offices, and the like that are independent the switch or circuit breaker can be opened by hand in
of each other. Unless electric service and maintenance are the event of a power supply failure
provided by and under continuous supervision of the build-
ing management, the occupants of a multiple-occupancy 230.77 Indicating
building must have ready access to their disconnecting

The service disconnecting means shall plainly indicatemeans, as required by 240.24(B).
whether it is in the open or closed position.

230.79 Rating of Service Disconnecting Means
Exception: In a multiple-occupancy building where electric

The service disconnecting means shall have a rating not lessservice and electrical maintenance are provided by the build-
than the load to be carried, determined in accordance withing management and where these are under continuous
Article 220. In no case shall the rating be lower than specifiedbuilding management supervision, the service disconnecting
in 230.79(A), (B), (C), or (D).means supplying more than one occupancy shall be permit-

ted to be accessible to authorized management personnel
Three-wire services that supply one-family dwellings areonly.
required to be installed using wire with the capacity to supply
a 100-ampere service for all single-family dwellings.230.74 Simultaneous Opening of Poles

A conductor ampacity of 60 amperes is permitted forEach service disconnect shall simultaneously disconnect all
other loads. Smaller sizes are permitted down to 14 AWGungrounded service conductors that it controls from the
copper (12 AWG aluminum) for installations with one cir-premises wiring system.
cuit. Two-circuit installations must have a rating of at least
30 amperes. Exhibit 230.27 illustrates the conductor sizing230.75 Disconnection of Grounded Conductor
requirements of 230.79 for ungrounded service-entrance

Where the service disconnecting means does not disconnect conductors. A single service disconnecting means is required
the grounded conductor from the premises wiring, other to have a rating of not less than the load to be carried.
means shall be provided for this purpose in the service
equipment. A terminal or bus to which all grounded conduc-
tors can be attached by means of pressure connectors shall (A) One-Circuit Installation For installations to supply

only limited loads of a single branch circuit, the servicebe permitted for this purpose. In a multisection switchboard,
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230.80 Article 230 — Services

disconnecting means shall have a rating of not less than 15 other approved means. Connections that depend on solder
shall not be used.amperes.

(B) Two-Circuit Installations For installations consisting 230.82 Equipment Connected to the Supply Side
of not more than two 2-wire branch circuits, the service of Service Disconnect
disconnecting means shall have a rating of not less than 30

Only the following equipment shall be permitted to be con-
amperes.

nected to the supply side of the service disconnecting means:

(C) One-Family Dwelling For a one-family dwelling, the
service disconnecting means shall have a rating of not less (1) Cable limiters or other current-limiting devices
than 100 amperes, 3-wire.

Cable limiters or other current-limiting devices are applied(D) All Others For all other installations, the service dis-
ahead of the service disconnecting means for the followingconnecting means shall have a rating of not less than 60
reasons:amperes.
1. Individually isolates faulted cable(s).
2. Continuity of service is maximized even though one or230.80 Combined Rating of Disconnects

more cables are faulted.Where the service disconnecting means consists of more
3. The possibility of severe equipment damage or burn-than one switch or circuit breaker, as permitted by 230.71,

down as a result of a fault on the service conductors isthe combined ratings of all the switches or circuit breakers
reduced.used shall not be less than the rating required by 230.79.

4. The current-limiting feature of cable limiters can be
used to provide protection against high short-circuit

Section 230.71(A) permits up to six individual switches or
currents for services and to provide compliance with

circuit breakers, mounted in a single enclosure, in a group
110.10.

of separate enclosures, or in or on a switchboard or several
switchboards, to serve as the required service disconnecting
means at any one location. Section 230.80 refers to situations (2) Meters and meter sockets nominally rated not in excess
in which more than one switch or circuit breaker is used as of 600 volts, provided all metal housings and service
the disconnecting means and indicates that the combined enclosures are grounded
rating of all the switches or circuit breakers used cannot be (3) Meter disconnect switches nominally rated not in excess
less than the rating required for a single switch or circuit of 600 volts that have a short-circuit current rating equal
breaker. to or greater than the available short circuit current,

Section 230.90 requires an overcurrent device to provide provided all metal housings and service enclosures are
overload protection in each ungrounded service conductor. grounded
A single overcurrent device must have a rating or setting
that is not higher than the allowable ampacity of the service Meter sockets and meter disconnect switches are permitted to
conductors. However, Exception No. 3 to 230.90(A) allows be connected on the supply side of the service disconnecting
not more than six circuit breakers or six sets of fuses to be means. Although the NEC recognizes that meter sockets
considered the overcurrent device. None of these individual have commonly been used on the supply side of the service
overcurrent devices can have a rating or setting higher than disconnect, meter sockets have been omitted from 230.82.
the ampacity of the service conductors. The meter disconnect is a load-break disconnect switch de-

In complying with these rules, it is possible for the total signed to interrupt the service load on 480Y/277-volt ser-
of the six overcurrent devices to be greater than the rating vices with self-contained meter sockets. The meter
of the service-entrance conductors. However, the size of the disconnect is not the service disconnecting means. The pur-
service-entrance conductors is required to be adequate for pose of the meter disconnect switch is to facilitate meter
the computed load only, and each individual service discon- change, maintenance, or disconnecting of the service. A
necting means is required to be large enough for the individ- revision to the 2005Code requires meter disconnect switches
ual load it supplies. See the commentary following to have a short-circuit current rating that is not less than the
230.90(A), Exception No. 3. available short-circuit current at the line terminals of the

meter disconnect switch.
Self-contained meters do not have external potential230.81 Connection to Terminals

transformers or current transformers. The load current of
The service conductors shall be connected to the service the service travels through the meter itself. Neither the self-
disconnecting means by pressure connectors, clamps, or
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230.90Article 230 — Services

VII. Service Equipment — Overcurrentcontained meter nor the meter bypass switch in the meter
socket is designed to break the load current on a 480Y/277- Protection
volt system.

230.90 Where RequiredSelf-contained meters or internal meter bypass switches
should not be used to break the load current of a service Each ungrounded service conductor shall have overload pro-

tection.having a voltage of over 150 volts to ground, because a
hazardous arc could be generated. Arcs generated at voltages
greater than 150 volts are considered self-sustaining and can Service-entrance conductors, overhead or underground, are
transfer from the energized portions of the equipment to the the supply conductors between the point of connection to
grounded portions of the equipment. the service-drop or service-lateral conductors and the service

An arc created while breaking load current on a 480Y/ equipment. Service equipment is intended to constitute the
277-volt system (277 volts to ground) could transfer to the main control and means of cutoff of the electrical supply to
grounded equipment enclosure, creating a high-energy arc- the premises wiring system. At this point, an overcurrent
ing ground fault and arc flash that could develop into a 3- device, usually a circuit breaker or a fuse, must be installed
phase short circuit. This hazardous arcing could burn down in series with each ungrounded service conductor to provide
the meter socket and injure the person performing the work. overload protection only.

The service overcurrent device will not protect the ser-
vice conductors under short-circuit or ground-fault condi-
tions on the line side of the disconnect. Protection against

(4) Instrument transformers (current and voltage), imped- ground faults and short circuits is provided by the special
ance shunts, load management devices, and arresters requirements for service conductor protection and the loca-

(5) Taps used only to supply load management devices, tion of the conductors.
circuits for standby power systems, fire pump equip- On multiwire circuits, two or three single-pole switches
ment, and fire and sprinkler alarms, if provided with or circuit breakers that are capable of individual operation
service equipment and installed in accordance with re- are permitted as one protective device. This allowance is
quirements for service-entrance conductors acceptable, provided the switches or circuit breakers are

equipped with handle ties or a master handle, so that all
Systems such as emergency lighting, fire alarms, fire pumps, ungrounded conductors of a service can be disconnected
standby power, and sprinkler alarms are permitted to be with not more than six operations of the hand, per 230.71(B).
connected ahead of the normal service disconnecting means
only if such systems are provided with a separate discon-

(A) Ungrounded Conductor Such protection shall be pro-necting means and overcurrent protection.
vided by an overcurrent device in series with each un-
grounded service conductor that has a rating or setting not
higher than the allowable ampacity of the conductor. A set
of fuses shall be considered all the fuses required to protect(6) Solar photovoltaic systems, fuel cell systems, or inter-
all the ungrounded conductors of a circuit. Single-pole circuitconnected electric power production sources
breakers, grouped in accordance with 230.71(B), shall be(7) Control circuits for power-operable service discon-
considered as one protective device.necting means, if suitable overcurrent protection and

disconnecting means are provided Exception No. 1: For motor-starting currents, ratings that
(8) Ground-fault protection systems or transient voltage conform with 430.52, 430.62, and 430.63 shall be permitted.

surge suppressors, where installed as part of listed equip-
ment, if suitable overcurrent protection and discon-

If a service supplies a motor load as well as lighting or anecting means are provided
lighting and appliance load, then the overcurrent protective
device is required to have a rating that is sufficient for the

Transient voltage surge suppressors (TVSSs) have been lighting and/or appliance load, in accordance with Articles
added to the types of equipment permitted to be connected 210 and 220. For an individual motor, the rating is specified
on the line side of the service disconnecting means. Such by 430.52; for two or more motors, the rating is specified
applications are permitted only in listed equipment, and by 430.62.
the conductors connected to the TVSS device must have a

Exampledisconnecting means and overcurrent protection. Field con-
nection of TVSS devices to the line terminals of the service Determine the minimum-size service conductors to supply

a 100-ampere lighting and appliance load plus three squirrel-equipment is not permitted.
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230.90 Article 230 — Services

ple disconnects are used as the disconnecting means, thecage induction motors rated 460 volts, 3 phase, code letter
F, service factor 1.15, 40�C, full-voltage starting one 100- ampacity of the service conductors must be equal to or

greater than the load calculated in accordance with Articlehp and two 25-hp motors on a 480-volt, 3-phase system.
220; however, they are not required to be sized equal to or

Solution greater than the sum of the multiple disconnects.
STEP 1. Calculate the conductor loads. The full-load current For example, the computed load for a service is 350
of the 100-hp motor is 124 amperes (from Table 430.250). amperes. The ampacity of a 500-kcmil, Type XHHW copper
The full-load current of each 25-hp motor is 34 amperes conductor is 380 amperes (from Table 310.16), and the con-
(from Table 430.250). The service-entrance conductors are ductor is allowed to be protected by a 400-ampere fuse or
calculated at 125 percent of 124 amperes (155 amperes) plus circuit breaker in accordance with 240.4(B). The rating of
two motors at 34 amperes each (68 amperes), for a total of the fuse or circuit breaker is based on the ampacity of the
223 amperes (see 430.24). The motor load of 223 amperes service conductor, not on the rating of the service disconnect
plus the lighting and appliance load of 100 amperes equals switch.
a total load of 323 amperes. Based on this calculation, the In this example, a 400-ampere fuse or circuit breaker
service-entrance conductors cannot be smaller than 400- may be considered properly sized for the protection of 500-
kcmil copper or 600-kcmil aluminum (see Table 310.16). kcmil, Type XHHW copper service conductors. If the service

disconnecting means [see Exception No. 3 to 230.90(A)]STEP 2. Determine the overcurrent protection. The maxi-
consists of six circuit breakers or six sets of fuses, the com-mum rating of the service overcurrent protective device is
bined ratings must not be less than the rating required forbased on the lighting and appliance loads calculated in accor-
a single switch or circuit breaker, in accordance with 230.80.dance with Article 220 plus the largest motor branch-circuit
See the commentary following 230.80.overcurrent device plus the sum of the other full-load motor

As Exhibit 230.27 shows, the combined ratings of thecurrents.
overcurrent devices equal the size of the overcurrent deviceUsing an inverse-time circuit breaker (see Table
required by 240.4 and 230.90(A), Exception No. 3. However,430.52), 250 percent of 124 amperes (100-hp motor) is 310
the combined ratings of the overcurrent devices are notamperes. The next standard size allowed is 350 amperes
required to be equal to or less than that value. For example,plus 2 times 34 amperes, for a total of 418 amperes, plus
all disconnects could be rated 100 amperes. See 230.23(A)the lighting and appliance load (100 amperes), for a total
and the associated commentary.of 518 amperes. Because going up to the next standard-size

overcurrent device is not permitted by 430.62, the next lower
standard size is 500 amperes. See 240.6 and 430.63 for
feeder overcurrent device rating.

Exception No. 2: Fuses and circuit breakers with a rating
or setting that conforms with 240.4(B) or (C) and 240.6
shall be permitted.

Where the conductor rating does not correspond to the stan-
dard ampere rating of a circuit breaker or fuse, the next-
larger-size circuit breaker or fuse may be used, provided
its rating does not exceed 800 amperes, as permitted in
240.4(B)(3). See 240.6 for standard ampere ratings of fuses
and circuit breakers.

Exception No. 3: Two to six circuit breakers or sets of fuses
shall be permitted as the overcurrent device to provide the

Service-entrance 
conductors: 350 kcmil 
Cu, 75°C = 310 A 

The total calculated 
load not to exceed 
310 A

60 80

80

70

60
Combined ratings = 350 A

350-A main breaker
permitted

overload protection. The sum of the ratings of the circuit
breakers or fuses shall be permitted to exceed the ampacity

Exhibit 230.27 An example in which the combined ratings ofof the service conductors, provided the calculated load does
the overcurrent devices are permitted to exceed the ampacity of

not exceed the ampacity of the service conductors. the service conductors.

Circuit breaker or fuse ampere ratings are permitted to be
Exception No. 4: Overload protection for fire pump supplygreater than the ampacity of the service conductors. If multi-
conductors shall conform with 695.4(B)(1).
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230.95Article 230 — Services

Exception No. 5: Overload protection for 120/240-volt, 3- Exception No. 6: Where service equipment is power opera-
ble, the control circuit shall be permitted to be connectedwire, single-phase dwelling services shall be permitted in

accordance with the requirements of 310.15(B)(6). ahead of the service equipment if suitable overcurrent protec-
tion and disconnecting means are provided.

(B) Not in Grounded Conductor No overcurrent device
230.95 Ground-Fault Protection of Equipmentshall be inserted in a grounded service conductor except a

circuit breaker that simultaneously opens all conductors of Ground-fault protection of equipment shall be provided for
the circuit. solidly grounded wye electrical services of more than 150

volts to ground but not exceeding 600 volts phase-to-phase
for each service disconnect rated 1000 amperes or more.230.91 Location
The grounded conductor for the solidly grounded wye sys-

The service overcurrent device shall be an integral part of the tem shall be connected directly to ground without inserting
service disconnecting means or shall be located immediately any resistor or impedance device.
adjacent thereto. The rating of the service disconnect shall be considered

to be the rating of the largest fuse that can be installed or
the highest continuous current trip setting for which the230.92 Locked Service Overcurrent Devices
actual overcurrent device installed in a circuit breaker isWhere the service overcurrent devices are locked or sealed
rated or can be adjusted.or are not readily accessible to the occupant, branch-circuit

overcurrent devices shall be installed on the load side, shall
See the definition of ground-fault protection of equipmentbe mounted in a readily accessible location, and shall be of
in Article 100. Ground-fault protection of equipment onlower ampere rating than the service overcurrent device.
services rated 1000 amperes or more operating at 480Y/277
volts was first required in the 1971 Code because of the230.93 Protection of Specific Circuits
unusually high number of burndowns reported on those types

Where necessary to prevent tampering, an automatic over- of service. This requirement does not apply to systems where
current device that protects service conductors supplying the grounded conductor is not solidly grounded, as is the
only a specific load, such as a water heater, shall be permitted case with high-impedance grounded neutral systems covered
to be locked or sealed where located so as to be accessible. in 250.36.

Ground-fault protection of services does not protect the
conductors on the supply side of the service disconnecting230.94 Relative Location of Overcurrent Device
means, but it is designed to provide protection from line-and Other Service Equipment
to-ground faults that occur on the load side of the service

The overcurrent device shall protect all circuits and devices.
disconnecting means. An alternative to installing ground-
fault protection may be to provide multiple disconnects ratedException No. 1: The service switch shall be permitted on
less than 1000 amperes. For instance, up to six 800-amperethe supply side.
disconnecting means may be used, and in that case ground-

Exception No. 2: High-impedance shunt circuits, surge ar- fault protection would not be required. FPN No. 2 to
resters, surge-protective capacitors, and instrument trans- 230.95(C) recognizes that ground-fault protection may be
formers (current and voltage) shall be permitted to be desirable at lesser amperages on solidly grounded systems
connected and installed on the supply side of the service for voltages exceeding 150 volts to ground but not exceeding
disconnecting means as permitted in 230.82. 600 volts phase to phase.

In addition to providing ground-fault protection, engi-Exception No. 3: Circuits for load management devices
shall be permitted to be connected on the supply side of the neering studies are recommended to determine the circuit

impedance and short-circuit currents that would be availableservice overcurrent device where separately provided with
overcurrent protection. at the supply terminals, so that equipment and overcurrent

protection of the proper interrupting rating are used. SeeException No. 4: Circuits used only for the operation of fire
110.9 and 110.10 for details on interrupting rating and circuitalarm, other protective signaling systems, or the supply to
impedance.fire pump equipment shall be permitted to be connected

The two basic types of ground-fault equipment protec-on the supply side of the service overcurrent device where
tors are illustrated in Exhibits 230.28 and 230.29. In Exhibitseparately provided with overcurrent protection.
230.28, the ground-fault sensor is installed around all the

Exception No. 5: Meters nominally rated not in excess of circuit conductors, and a stray current on a line-to-ground
600 volts shall be permitted, provided all metal housings fault sets up an unbalance of the currents flowing in individ-
and service enclosures are grounded.
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230.95 Article 230 — Services

the circuit breaker to operate, removing the load from the
line. See also 250.24(A)(4), which permits a grounding elec-
trode conductor connection to the equipment grounding ter-
minal bar or bus.

Exception No. 1: The ground-fault protection provisions of
this section shall not apply to a service disconnect for a
continuous industrial process where a nonorderly shutdown
will introduce additional or increased hazards.

Exception No. 2: The ground-fault protection provisions of
this section shall not apply to fire pumps.

Most fire pumps rated 100 hp and over would require a
disconnecting means rated at 1000 amperes or more. How-
ever, due to the emergency nature of their use, fire pumps
are exempt from the provisions of 230.95.

Service equipment
(1000 A or more)Transformer secondary

(480Y/277 V)

R

Relay

Insulated or 
uninsulated 
neutral bar

Equipment 
grounding 
conductor

Circuit 
breaker with 
shunt trip

Ground-fault 
sensor

Load

Solidly
grounded

(A) Setting The ground-fault protection system shall oper-
Exhibit 230.28 A ground-fault sensor encircling all circuit con-

ate to cause the service disconnect to open all ungroundedductors, including the neutral.
conductors of the faulted circuit. The maximum setting of
the ground-fault protection shall be 1200 amperes, and the
maximum time delay shall be one second for ground-fault
currents equal to or greater than 3000 amperes.

The maximum setting for ground-fault sensors is 1200 am-
peres. There is no minimum, but it should be noted that
settings at low levels increase the likelihood of unwanted
shutdowns. The requirements of 230.95 place a restriction
on fault currents greater than 3000 amperes and limit the
duration of the fault to not more than 1 second. This restric-
tion minimizes the amount of damage done by an arcing
fault, which is directly proportional to the time the arcing
fault is allowed to burn.

Care should be taken to ensure that interconnecting
multiple supply systems does not negate proper sensing by
the ground-fault protection equipment. A careful engineering
study must be made to ensure that fault currents do not take
parallel paths to the supply system, thereby bypassing the
ground-fault detection device. See 215.10, 240.13, 517.17,

Service equipment
(1000 A or more)Transformer secondary

(480Y/277 V)

R

Relay

Ground-fault sensor

Insulated neutral bar Equipment 
grounding 
conductor

Circuit 
breaker with 
shunt trip

Load

Solidly
grounded

and 705.32 for further information on ground-fault protec-
tion of equipment.

Exhibit 230.29 A ground-fault sensor encircling only the bonding
jumper conductor.

(B) Fuses If a switch and fuse combination is used, the
fuses employed shall be capable of interrupting any current

ual conductors installed through the ground-fault sensor. higher than the interrupting capacity of the switch during a
When this current exceeds the setting of the ground-fault time that the ground-fault protective system will not cause
sensor, the shunt trip operates and opens the circuit breakers. the switch to open.

The ground-fault sensor illustrated in Exhibit 230.29 is
(C) Performance Testing The ground-fault protection sys-installed around the bonding jumper only. When an unbal-
tem shall be performance tested when first installed on site.anced current from a line-to-ground fault occurs, the current
The test shall be conducted in accordance with instructionsflows through the bonding jumper and the shunt trip causes
that shall be provided with the equipment. A written record
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230.200Article 230 — Services

of the service point come under the requirements of theof this test shall be made and shall be available to the
authority having jurisdiction. NEC. The service point is a specific location where the

supply conductors of the electric utility and the customer-
owned (premises wiring) conductors connect.The requirement for ground-fault protection system perfor-

Exhibit 230.30 depicts an installation where the trans-mance testing is a result of numerous reports of ground-
former and service-lateral conductors to the service pointfault protection systems that were improperly wired and
are owned by the electric utility. The transformer secondarycould not or did not perform the function for which they
conductors between the service point and the service discon-were intended. This Code and qualified testing laboratories
necting means at the building are service-entrance conduc-require a set of performance testing instructions to be sup-
tors. In the installation depicted in Exhibit 230.31, the mainplied with the equipment. Evaluation and listing of the in-

structions fall under the jurisdiction of those best qualified
to make such judgments, the qualified electrical testing labo-
ratory (see 90.7). If listed equipment is not installed in
accordance with the instructions provided, the installation
does not comply with 110.3(B).

FPN No. 1: Ground-fault protection that functions to
open the service disconnect affords no protection from
faults on the line side of the protective element. It serves
only to limit damage to conductors and equipment on
the load side in the event of an arcing ground fault on
the load side of the protective element.
FPN No. 2: This added protective equipment at the ser-
vice equipment may make it necessary to review the
overall wiring system for proper selective overcurrent
protection coordination. Additional installations of
ground-fault protective equipment may be needed on
feeders and branch circuits where maximum continuity
of electrical service is necessary.
FPN No. 3: Where ground-fault protection is provided

Utility supply
conductors
(over 600V)

Service
disconnecting
means

Service
point

Utility-owned transformer 
and conductors

Service-entrance conductors
(480Y/277 V)

for the service disconnect and interconnection is made
with another supply system by a transfer device, means Exhibit 230.30 Service rated over 600 volts supplying a utility-
or devices may be needed to ensure proper ground-fault owned transformer.
sensing by the ground-fault protection equipment.
FPN No. 4: See 517.17(A) for information on where an
additional step of ground fault protection is required for
hospitals and other buildings with critical areas or life
support equipment.

VIII. Services Exceeding 600 Volts,
Nominal

230.200 General
Service conductors and equipment used on circuits ex-
ceeding 600 volts, nominal, shall comply with all the applica-
ble provisions of the preceding sections of this article and
with the following sections that supplement or modify the
preceding sections. In no case shall the provisions of Part
VIII apply to equipment on the supply side of the service
point.

Where services rated over 600 volts supply utility-owned

Customer owned

Service point
(over 600 V)

Service
disconnect

Service conductors
(customer owned)

Building
disconnecting
means

Feeder
(480Y/277V)

and utility-maintained transformers, the conductors on the
line side and load side of the service point are service-lateral Exhibit 230.31 Service rated over 600 volts supplying a cus-

tomer-owned transformer.conductors; however, only those conductors on the load side

National Electrical Code Handbook 2005 155

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



230.202 Article 230 — Services

(D) Grounding Connection Isolating switches shall beservice disconnecting means is located at the customer-
provided with a means for readily connecting the load sideowned transformer primary. The conductors between the
conductors to ground when disconnected from the sourcetransformer secondary and the line side of the building dis-
of supply.connecting means are feeders. The connection point may be

A means for grounding the load side conductors shallin a belowground or aboveground junction box, where a
not be required for any duplicate isolating switch installedchange in the wiring method might occur. Conductors on
and maintained by the electric supply company.the load side of the building service disconnecting means

are feeders. Each building or structure is required to have
a disconnecting means, in accordance with 225.31. Exhibit 230.32 illustrates a two-position isolating switch for

grounding a load-side conductor when it is disconnectedWhere services rated over 600 volts supply customer-
owned and customer-maintained transformers, the conduc- from high-voltage line buses.
tors from the service point to the transformer service discon-
nect are service-lateral conductors, as illustrated in Exhibit
230.31. The conductors between the transformer secondary
and the building disconnecting means are feeders, as defined
in Article 100.

FPN: For clearances of conductors of over 600 volts,
nominal, see ANSI C2-2002, National Electrical Safety
Code.

230.202 Service-Entrance Conductors

High-voltage
buses

Double-throw 
isolating switch

Oil circuit
breaker

Service-entrance conductors to buildings or enclosures shall
be installed to conform to 230.202(A) and (B). Exhibit 230.32 Two-position isolating switch for grounding a

load-side conductor disconnected from high-voltage line buses.
(A) Conductor Size Service-entrance conductors shall not
be smaller than 6 AWG unless in multiconductor cable.
Multiconductor cable shall not be smaller than 8 AWG. 230.205 Disconnecting Means
(B) Wiring Methods Service-entrance conductors shall be (A) Location The service disconnecting means shall be lo-
installed by one of the wiring methods covered in 300.37 cated in accordance with 230.70.
and 300.50.

(B) Type Each service disconnect shall simultaneously dis-
connect all ungrounded service conductors that it controls230.204 Isolating Switches
and shall have a fault-closing rating that is not less than(A) Where Required Where oil switches or air, oil, vac-
the maximum short-circuit current available at its supplyuum, or sulfur hexafluoride circuit breakers constitute the
terminals.service disconnecting means, an isolating switch with visible

Where fused switches or separately mounted fuses arebreak contacts shall be installed on the supply side of the
installed, the fuse characteristics shall be permitted to con-disconnecting means and all associated service equipment.
tribute to the fault-closing rating of the disconnecting means.

Exception: An isolating switch shall not be required where
the circuit breaker or switch is mounted on removable truck (C) Remote Control For multibuilding, industrial installa-
panels or metal-enclosed switchgear units where both of the tions under single management, the service disconnecting
following conditions apply: means shall be permitted to be located at a separate building

or structure. In such cases, the service disconnecting means(1) Cannot be opened unless the circuit is disconnected.
shall be permitted to be electrically operated by a readily(2) Where all energized parts are automatically discon-
accessible, remote-control device.nected when the circuit breaker or switch is removed

from the normal operating position.
230.206 Overcurrent Devices as

(B) Fuses as Isolating Switch Where fuses are of the type Disconnecting Means
that can be operated as a disconnecting switch, a set of such

Where the circuit breaker or alternative for it, as specifiedfuses shall be permitted as the isolating switch.
in 230.208 for service overcurrent devices, meets the require-
ments specified in 230.205, they shall constitute the service(C) Accessible to Qualified Persons Only The isolating

switch shall be accessible to qualified persons only. disconnecting means.
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230.212Article 240 — Overcurrent Protection

230.208 Protection Requirements
A short-circuit protective device shall be provided on the
load side of, or as an integral part of, the service disconnect,
and shall protect all ungrounded conductors that it supplies.
The protective device shall be capable of detecting and inter-
rupting all values of current, in excess of its trip setting or
melting point, that can occur at its location. A fuse rated in
continuous amperes not to exceed three times the ampacity
of the conductor, or a circuit breaker with a trip setting of
not more than six times the ampacity of the conductors,
shall be considered as providing the required short-circuit
protection.

FPN: See Table 310.67 through Table 310.86 for ampaci-
ties of conductors rated 2001 volts and above.

Overcurrent devices shall conform to 230.208(A) and
(B). Exhibit 230.33 Metal-enclosed switchgear. (Courtesy of Square

D Co.)(A) Equipment Type Equipment used to protect service-
entrance conductors shall meet the requirements of Article
490, Part II.

(B) Enclosed Overcurrent Devices The restriction to 80 ARTICLE 240
percent of the rating for an enclosed overcurrent device

Overcurrent Protectionfor continuous loads shall not apply to overcurrent devices
installed in systems operating at over 600 volts.

Summary of Changes230.209 Surge Arresters (Lightning Arresters)
• 240.5(B)(1): Revised to indicate that the supply cords of

Surge arresters installed in accordance with the requirements
specific listed appliances and portable lamps are consid-

of Article 280 shall be permitted on each ungrounded over-
ered protected when used in accordance with the listing

head service conductor.
requirements for the appliance or portable lamp.

• 240.5(B)(3): Revised to indicate that listed extension cord230.210 Service Equipment —
sets are considered protected when used in accordanceGeneral Provisions
with the listing requirements for the extension cord.

Service equipment, including instrument transformers, shall
• 240.5(B)(4): Relocated the requirements for field-conform to Article 490, Part I.

assembled extension cord sets.

• 240.20(B)(1) through (3): Revised to require identified230.211 Metal-Enclosed Switchgear
handle ties where they are used with individual single-Metal-enclosed switchgear shall consist of a substantial
pole circuit breakers.metal structure and a sheet metal enclosure. Where installed

• 240.21(B): Revised to clarify that ‘‘tap conductors’’ mustover a combustible floor, suitable protection thereto shall
have an ampacity not less than the rating of the overcurrentbe provided.
protective device in which they terminate and that the use
of the ‘‘next higher standard rating’’ is not permitted.Exhibit 230.33 shows an assembly of metal-enclosed

• 240.21(C): Revised to clarify that transformer secondaryswitchgear. Metal-enclosed switchgear can be used in lieu
conductors must have an ampacity not less than the ratingof a vault in accordance with 230.212.
of the overcurrent protective device in which they termi-
nate and that the use of the ‘‘next higher standard rating’’

230.212 Over 35,000 Volts is not permitted.
Where the voltage exceeds 35,000 volts between conductors • 240.21(C)(2)(1): Added new requirement for determining
that enter a building, they shall terminate in a metal-enclosed the minimum ampacity of transformer secondary conduc-
switchgear compartment or a vault conforming to the re- tors not over 10 ft long.
quirements of 450.41 through 450.48.
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Article 240 — Overcurrent Protection

(D) Service Conductors• 240.24(A): Revised to provide specific maximum height
(E) Busway Tapsfor operating handle of a switch or circuit breaker.
(F) Motor Circuit Taps• 240.60(D): Added requirement limiting Class H renew-
(G) Conductors from Generator Terminalsable cartridge fuses for use only in existing installations

240.22 Grounded Conductorif there is no evidence of overfusing or tampering.
240.23 Change in Size of Grounded Conductor

• 240.86: Revised to allow engineering of series rated sys- 240.24 Location in or on Premises
tems for existing installations only, when that engineering (A) Accessibility
is completed by a licensed professional engineer and the (B) Occupancy
stamped, documented design is made available to the au- (C) Not Exposed to Physical Damage
thority having jurisdiction. Field marking to identify up- (D) Not in Vicinity of Easily Ignitible Material
stream protective devices is required on end-use (E) Not Located in Bathrooms
equipment. III. Enclosures

240.30 General
(A) Protection from Physical Damage
(B) Operating HandleContents

240.32 Damp or Wet Locations
I. General

240.33 Vertical Position
240.1 Scope

IV. Disconnecting and Guarding
240.2 Definitions

240.40 Disconnecting Means for Fuses
240.3 Other Articles

240.41 Arcing or Suddenly Moving Parts
240.4 Protection of Conductors

(A) Location
(A) Power Loss Hazard

(B) Suddenly Moving Parts
(B) Devices Rated 800 Amperes or Less

V. Plug Fuses, Fuseholders, and Adapters
(C) Devices Rated Over 800 Amperes 240.50 General
(D) Small Conductors (A) Maximum Voltage
(E) Tap Conductors (B) Marking
(F) Transformer Secondary Conductors (C) Hexagonal Configuration
(G) Overcurrent Protection for Specific Conductor (D) No Energized Parts

Applications (E) Screw Shell
240.5 Protection of Flexible Cords, Flexible Cables, 240.51 Edison-Base Fuses

and Fixture Wires (A) Classification
(A) Ampacities (B) Replacement Only
(B) Branch Circuit Overcurrent Device 240.52 Edison-Base Fuseholders

240.6 Standard Ampere Ratings 240.53 Type S Fuses
(A) Fuses and Fixed-Trip Circuit Breakers (A) Classification
(B) Adjustable-Trip Circuit Breakers (B) Noninterchangeable
(C) Restricted Access Adjustable-Trip Circuit 240.54 Type S Fuses, Adapters, and Fuseholders

Breakers (A) To Fit Edison-Base Fuseholders
240.8 Fuses or Circuit Breakers in Parallel (B) To Fit Type S Fuses Only
240.9 Thermal Devices (C) Nonremovable

240.10 Supplementary Overcurrent Protection (D) Nontamperable
240.12 Electrical System Coordination (E) Interchangeability
240.13 Ground-Fault Protection of Equipment VI. Cartridge Fuses and Fuseholders

II. Location 240.60. General
240.20 Ungrounded Conductors (A) Maximum Voltage — 300-Volt Type

(A) Overcurrent Device Required (B) Noninterchangeable — 0–6000-Ampere
(B) Circuit Breaker as Overcurrent Device Cartridge Fuseholders
(C) Closed-Loop Power Distribution Systems (C) Marking

240.21 Location in Circuit (D) Renewable Fuses
(A) Branch-Circuit Conductors 240.61 Classification
(B) Feeder Taps VII. Circuit Breakers
(C) Transformer Secondary Conductors 240.80 Method of Operation
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240.2Article 240 — Overcurrent Protection

240.2 Definitions
240.81 Indicating

Current-Limiting Overcurrent Protective Device. A de-240.82 Nontamperable
vice that, when interrupting currents in its current-limiting240.83 Marking
range, reduces the current flowing in the faulted circuit to(A) Durable and Visible
a magnitude substantially less than that obtainable in the(B) Location
same circuit if the device were replaced with a solid conduc-(C) Interrupting Rating
tor having comparable impedance.(D) Used as Switches

(E) Voltage Marking
240.85 Applications Most electrical distribution systems can deliver high ground-

fault or short-circuit currents to components such as conduc-240.86 Series Ratings
(A) Selected Under Engineering Supervision in tors and service equipment. These components may not be

able to handle short-circuit currents; they may be damagedExisting Installations
(B) Test Combinations or destroyed, and serious burndowns and fires could result.

Properly selected current-limiting overcurrent protective de-(C) Motor Contribution
VIII. Supervised Industrial Installations vices, such as the ones shown in Exhibit 240.1, limit the

let-through energy to an amount that does not exceed the240.90 General
240.92 Location in Circuit rating of the components, in spite of high available short-

circuit currents. A current-limiting protective device is one(A) Feeder and Branch-Circuit Conductors
(B) Transformer Secondary Conductors of that cuts off a fault current in less than one-half cycle. It

thus prevents short-circuit currents from building up to theirSeparately Derived Systems
(C) Outside Feeder Taps full available values.
(D) Protection by Primary Overcurrent Device

240.93 Series Ratings
(A) Tested Combinations
(B) Selected Under Engineering Supervision
(C) Motor Contribution

IX. Overcurrent Protection Over 600 Volts, Nominal
240.100 Feeders and Branch Circuits

(A) Location and Type of Protection
(B) Protective Devices
(C) Conductor Protection

240.101 Additional Requirements for Feeders
(A) Rating or Setting of Overcurrent Protective

Devices
(B) Feeder Taps

I. General
240.1 Scope
Parts I through VII of this article provide the general require-
ments for overcurrent protection and overcurrent protective
devices not more than 600 volts, nominal. Part VIII covers
overcurrent protection for those portions of supervised in- Exhibit 240.1 Class R current-limiting fuses with rejection fea-

ture to prohibit the installation of non–current-limiting fuses.dustrial installations operating at voltages of not more than
(Courtesy of Bussmann Division, Cooper Industries)600 volts, nominal. Part IX covers overcurrent protection

over 600 volts, nominal.
Proper selection of current-limiting devices may depend

FPN: Overcurrent protection for conductors and equip-
on the type of device selected. For example, a Class RK5 fusement is provided to open the circuit if the current reaches
is not as current limiting as a Class RK1 fuse. Furthermore,a value that will cause an excessive or dangerous tempera-

ture in conductors or conductor insulation. See also 110.9 a Class RK1 fuse is not as current limiting as a high-
for requirements for interrupting ratings and 110.10 for speed semiconductor fuse. See 110.9 and 110.10 for details
requirements for protection against fault currents.
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240.3 Article 240 — Overcurrent Protection

on interrupting ratings, circuit impedance, and other that exceeds the value permitted for similar conductors that
are protected as described elsewhere in 240.4.characteristics.

240.3 Other Articles
Supervised Industrial Installation. For the purposes of

Equipment shall be protected against overcurrent in accor-Part VIII, the industrial portions of a facility where all of
dance with the article in this Code that covers the type ofthe following conditions are met:
equipment specified in Table 240.3.

(1) Conditions of maintenance and engineering supervision
ensure that only qualified persons monitor and service 240.4 Protection of Conductors
the system.

Conductors, other than flexible cords, flexible cables, and
(2) The premises wiring system has 2500 kVA or greater

fixture wires, shall be protected against overcurrent in accor-
of load used in industrial process(es), manufacturing

dance with their ampacities specified in 310.15, unless other-
activities, or both, as calculated in accordance with Arti-

wise permitted or required in 240.4(A) through (G).
cle 220.

(3) The premises has at least one service or feeder that is (A) Power Loss Hazard Conductor overload protection
more than 150 volts to ground and more than 300 volts shall not be required where the interruption of the circuit
phase-to-phase. would create a hazard, such as in a material-handling magnet

circuit or fire pump circuit. Short-circuit protection shall be
This definition excludes installations in buildings used provided.

by the industrial facility for offices, warehouses, garages,
FPN: See NFPA 20-2003, Standard for the Installationmachine shops, and recreational facilities that are not an
of Stationary Pumps for Fire Protection.integral part of the industrial plant, substation, or control

center. (B) Devices Rated 800 Amperes or Less The next higher
standard overcurrent device rating (above the ampacity of

For a facility to be recognized as an industrial establishment, the conductors being protected) shall be permitted to be
it must have the following: a combined process and manufac- used, provided all of the following conditions are met:
turing load greater than 2500 kVA; at least one service, 480Y/

(1) The conductors being protected are not part of a277V, nominal, or greater; and maintenance and engineering
multioutlet branch circuit supplying receptacles forsupervision that ensures that only qualified persons monitor
cord-and-plug-connected portable loads.and service the electrical system. All process or manufactur-

(2) The ampacity of the conductors does not corresponding loads from each low-, medium-, and high-voltage system
with the standard ampere rating of a fuse or a circuitcan be added together to satisfy the load requirements of
breaker without overload trip adjustments above its rat-Part VIII. Loads are calculated in accordance with Article
ing (but that shall be permitted to have other trip or220. However, loads not associated with manufacturing or
rating adjustments).processing cannot be used to meet the 2500-kVA minimum

(3) The next higher standard rating selected does not exceedrequirement.
800 amperes.The provisions of Part VIII apply only to low-voltage

electrical systems (600 volts, nominal, or less) used for
Table 210.24 summarizes the requirements for the size ofprocess or manufacturing. Part VIII does not apply to electri-
conductors and the size of the overcurrent protection forcal systems operating at over 600 volts, nominal, or to electri-
branch circuits where two or more outlets are required. Thecal systems that serve separate facilities, such as offices,
first footnote indicates that the wire sizes are for copperwarehouses, garages, machine shops, or recreational build-
conductors. Section 210.3 indicates that branch-circuit con-ings, that are not a part of the manufacturing or industrial
ductors rated 15, 20, 30, 40, and 50 amperes must be pro-process. However, if a part of the industrial process or manu-
tected at their ratings. Section 210.19(A) requires thatfacturing electrical system is used to serve an office, ware-
branch-circuit conductors have an ampacity not less thanhouse, garage, machine shop, or recreational facility that is
the rating of the branch circuit and not less than the maximuman integral part of the industrial plant, control center, or
load to be served. These specific requirements take prece-substation, Part VIII can still apply to the total process or
dence over 240.4(B), which applies generally.manufacturing electrical system.

Table 310.16 through Table 310.86 list the ampacities
of conductors. Section 240.6 lists the standard ratings of

Tap Conductors. As used in this article, a tap conductor overcurrent devices. Where the ampacity of the conductor
is defined as a conductor, other than a service conductor, specified in these tables does not match the rating of the
that has overcurrent protection ahead of its point of supply
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240.4Article 240 — Overcurrent Protection

Table 240.3 Other Articles standard rating of 240.6, that conductor must be protected
at the standard size device. For example, in Table 310.16,

Equipment Article 3 AWG, 75�C copper, Type THWN, the ampacity is listed
as 100 amperes. That conductor would be protected by aAir-conditioning and refrigerating equipment 440
100-ampere overcurrent device.

Appliances 422
The provisions of 240.4(B) do not modify or change

Assembly occupancies 518
the allowable ampacity of the conductor — they only serve

Audio signal processing, amplification, and 640 to provide a reasonable increase in the permitted overcurrentreproduction equipment
protective device rating where the allowable ampacity andBranch circuits 210
the standard overcurrent protective device ratings do not

Busways 368
correspond. For circuits rated 600 volts and under, the allow-

Capacitors 460
able ampacity of branch circuit, feeder, or service conductors

Class 1, Class 2, and Class 3 remote-control, signaling, 725 always has to be capable of supplying the calculated loadand power-limited circuits
in accordance with the requirements of 210.19(A)(1),Closed-loop and programmed power distribution 780
215.2(A)(1), and 230.42(A). For example, a 500-kcmil

Cranes and hoists 610
THWN copper conductor has an allowable ampacity of 380

Electric signs and outline lighting 600
amperes from Table 310.16. This conductor can supply a

Electric welders 630 load not exceeding 380 amperes and, in accordance with
Electrolytic cells 668 240.4(B), can be protected by a 400-ampere overcurrent
Elevators, dumbwaiters, escalators, moving walks, 620 protective device.

wheelchair lifts, and stairway chair lifts
In contrast to 240.4(B), 310.15(B)(6) does permit the

Emergency systems 700
conductor types and sizes specified in Table 310.15(B)(6)

Fire alarm systems 760 to supply calculated loads based on their ratings from that
Fire pumps 695 table that exceed their allowable ampacities specified in
Fixed electric heating equipment for pipelines and 427 Table 310.16. The overcurrent protection for these residential

vessels
supply conductors is also permitted to be based on the in-

Fixed electric space-heating equipment 424
creased rating allowed by this Article 310 table. Application

Fixed outdoor electric deicing and snow-melting 426 of 310.15(B)(6) and its table is permitted only for single-equipment
phase, 120/240-volt, residential services and main powerGenerators 445
feeders. The increased ratings given in Table 310.15(B)(6)

Health care facilities 517
are based on the significant diversity inherent to most dwell-

Induction and dielectric heating equipment 665
ing unit loads and the fact that only the two ungrounded

Industrial machinery 670 service or feeder conductors are considered to be current
Luminaires (lighting fixtures), lampholders, and lamps 410 carrying.
Motion picture and television studios and similar 530

locations
Motors, motor circuits, and controllers 430 (C) Devices Rated Over 800 Amperes Where the overcur-
Phase converters 455 rent device is rated over 800 amperes, the ampacity of the
Pipe organs 650 conductors it protects shall be equal to or greater than the
Receptacles 406 rating of the overcurrent device defined in 240.6.
Services 230

(D) Small Conductors Unless specifically permitted inSolar photovoltaic systems 690
240.4(E) or 240.4(G), the overcurrent protection shall notSwitchboards and panelboards 408
exceed 15 amperes for 14 AWG, 20 amperes for 12 AWG,Theaters, audience areas of motion picture and television 520

studios, and similar locations and 30 amperes for 10 AWG copper; or 15 amperes for 12
AWG and 25 amperes for 10 AWG aluminum and copper-Transformers and transformer vaults 450
clad aluminum after any correction factors for ambient tem-X-ray equipment 660
perature and number of conductors have been applied.

(E) Tap Conductors Tap conductors shall be permitted to
standard overcurrent device, 240.4 permits the use of the be protected against overcurrent in accordance with the fol-
next larger standard overcurrent device. All three conditions lowing:
in 240.4(B) must be met in order for this permission to

(1) 210.19(A)(3) and (A)(4) Household Ranges and Cook-apply. However, if the ampacity of a conductor matches the
ing Appliances and Other Loads
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240.5 Article 240 — Overcurrent Protection

ductors, are not limited in length, and do not require overcur-(2) 240.5(B)(2) Fixture Wire
(3) 240.21 Location in Circuit rent protection where they receive their supply, which is at

the transformer secondary terminals.(4) 368.17(B) Reduction in Ampacity Size of Busway
(5) 368.17(C) Feeder or Branch Circuits (busway taps) However, if the secondary consisted of a 3-wire, 240/

120-volt system, a 120-volt line-to-neutral load could draw(6) 430.53(D) Single Motor Taps
up to 200 amperes before the overcurrent device in the

(F) Transformer Secondary Conductors Single-phase primary actuated. That would be the result of the 1:4 second-
(other than 2-wire) and multiphase (other than delta-delta, ary-to-primary voltage ratio of the 120-volt winding of the
3-wire) transformer secondary conductors shall not be con- transformer secondary, which can cause dangerous overload-
sidered to be protected by the primary overcurrent protective ing of the secondary conductors.
device. Conductors supplied by the secondary side of a
single-phase transformer having a 2-wire (single-voltage)
secondary, or a three-phase, delta-delta connected trans- (G) Overcurrent Protection for Specific Conductor
former having a 3-wire (single-voltage) secondary, shall be Applications Overcurrent protection for the specific con-
permitted to be protected by overcurrent protection provided ductors shall be permitted to be provided as referenced in
on the primary (supply) side of the transformer, provided Table 240.4(G).
this protection is in accordance with 450.3 and does not

Table 240.4(G) Specific Conductor Applicationsexceed the value determined by multiplying the secondary
conductor ampacity by the secondary to primary transformer

Conductor Article Sectionvoltage ratio.

Air-conditioning and 440, Parts
refrigeration equipment III, VIThe fundamental requirement of 240.4 specifies that conduc-
circuit conductorstors are to be protected against overcurrent in accordance

Capacitor circuit 460 460.8(B) andwith their ampacity, and 240.21 requires that the protection
conductors 460.25(A)–(D)be provided at the point the conductor receives its supply.

Control and instrumentation 727 727.9Section 240.4(F) permits the secondary circuit conductors
circuit conductors (Typefrom a transformer to be protected by overcurrent devices ITC)

in the primary circuit conductors of the transformer only in
Electric welder circuit 630 630.12 and 630.32

the following two special cases: conductors

Fire alarm system circuit 760 760.23, 760.24,1. A transformer with a 2-wire primary and a 2-wire sec-
conductors 760.41, andondary, provided the transformer primary is protected

Chapter 9, Tablesin accordance with 450.3
12(A) and 12(B)

2. A 3-phase, delta-delta-connected transformer having a
Motor-operated appliance 422, Part II

3-wire, single-voltage secondary, provided its primary circuit conductors
is protected in accordance with 450.3

Motor and motor-control 430, Parts
circuit conductors III, IV, V, VI,

Except for those two special cases, transformer secondary VII
conductors must be protected by the use of overcurrent de- Phase converter supply 455 455.7
vices, because the primary overcurrent devices do not pro- conductors
vide such protection. As an example, consider a single-phase Remote-control, signaling, 725 725.23, 725.24,
transformer with a 2-wire secondary that is provided with and power- limited 725.41, and

circuit conductors Chapter 9, Tablesprimary overcurrent protection rated at 50 amperes. The
11(A) and 11(B)transformer is rated 480/240 volts. Conductors supplied by

Secondary tie conductors 450 450.6the secondary have an ampacity of 100 amperes. Is the 50-
ampere overcurrent protection allowed to protect the conduc-
tors that are connected to the secondary?

240.5 Protection of Flexible Cords, FlexibleThe secondary-to-primary voltage ratio in this example
Cables, and Fixture Wiresis 240 � 480, a ratio of 0.5. Multiplying the secondary

conductor ampacity of 100 amperes by 0.5 yields 50 am- Flexible cord and flexible cable, including tinsel cord and
peres. Thus, the maximum rating of the overcurrent device extension cords, and fixture wires shall be protected against
allowed on the primary of the transformer that will also overcurrent by either 240.5(A) or (B).
provide overcurrent protection for the secondary conductors

(A) Ampacities Flexible cord and flexible cable shall beis 50 amperes. These secondary conductors are not tap con-
protected by an overcurrent device in accordance with their
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240.6Article 240 — Overcurrent Protection

(4) Field Assembled Extension Cord Sets Flexible cordampacity as specified in Tables 400.5(A) and 400.5(B). Fix-
ture wire shall be protected against overcurrent in accordance used in extension cords made with separately listed and

installed components shall be permitted to be supplied bywith its ampacity as specified in Table 402.5. Supplementary
overcurrent protection, as in 240.10, shall be permitted to a branch circuit in accordance with the following:

20-ampere circuits — 16 AWG and largerbe an acceptable means for providing this protection.

(B) Branch Circuit Overcurrent Device Flexible cord
Field-assembled extension cords are permitted provided theshall be protected where supplied by a branch circuit in
conductors are 16 AWG or larger and the overcurrent protec-accordance with one of the methods described in
tion for the branch circuit to which the cord is connected240.5(B)(1), (B)(2), (B)(3), or (B)(4).
does not exceed 20 amperes. The cord and the cord caps

(1) Supply Cord of Listed Appliance or Portable Lamps and connectors used for this type of assembly are required
Where flexible cord or tinsel cord is approved for and used to be listed.
with a specific listed appliance or portable lamp, it shall be
considered to be protected when applied within the appliance
or portable lamp listing requirements. 240.6 Standard Ampere Ratings
(2) Fixture Wire Fixture wire shall be permitted to be (A) Fuses and Fixed-Trip Circuit Breakers The standard
tapped to the branch circuit conductor of a branch circuit ampere ratings for fuses and inverse time circuit breakers
in accordance with the following: shall be considered 15, 20, 25, 30, 35, 40, 45, 50, 60, 70,

80, 90, 100, 110, 125, 150, 175, 200, 225, 250, 300, 350,(1) 20-ampere circuits — 18 AWG, up to 15 m (50 ft) of
400, 450, 500, 600, 700, 800, 1000, 1200, 1600, 2000, 2500,run length
3000, 4000, 5000, and 6000 amperes. Additional standard(2) 20-ampere circuits — 16 AWG, up to 30 m (100 ft) of
ampere ratings for fuses shall be 1, 3, 6, 10, and 601. The userun length
of fuses and inverse time circuit breakers with nonstandard(3) 20-ampere circuits — 14 AWG and larger
ampere ratings shall be permitted.(4) 30-ampere circuits — 14 AWG and larger

(B) Adjustable-Trip Circuit Breakers The rating of ad-
Section 240.5(A) references Tables 400.5(A) and 400.5(B) justable-trip circuit breakers having external means for ad-
for flexible cords and flexible cables and Table 402.5 for justing the current setting (long-time pickup setting), not
fixture wire ampacity. Supplementary protection, as de- meeting the requirements of 240.6(C), shall be the maximum
scribed in 240.10, is also acceptable as an alternative for setting possible.
protection of either flexible cord or fixture wire.

Sections 240.5(B)(1) through 240.5(B)(4) permit (C) Restricted Access Adjustable-Trip Circuit Break-
smaller conductors to be connected to branch circuits of a ers A circuit breaker(s) that has restricted access to the
greater rating. For flexible cords, 240.5(B)(1) and adjusting means shall be permitted to have an ampere rat-
240.5(B)(3) now specify that flexible cord connected to a ing(s) that is equal to the adjusted current setting (long-time
listed appliance or portable lamp or used in a listed extension pickup setting). Restricted access shall be defined as located
cord set is considered to be protected as long as the appliance, behind one of the following:
lamp, or extension cord is used in accordance with its listing

(1) Removable and sealable covers over the adjustingrequirements. These listing requirements are developed by
meansthe third-party testing and listing organizations with techni-

(2) Bolted equipment enclosure doorscal input from cord, appliance, and lamp manufacturers. For
(3) Locked doors accessible only to qualified personnelother than field-assembled extension cords, the Code no

longer contains specific provisions for the overcurrent pro-
tection of flexible cord based on cord conductor size. For The set long-time pickup rating (as opposed to the instanta-
fixture wire, 240.5(B)(2) establishes a maximum protective neous trip rating) of an adjustable-trip circuit breaker can
device rating based on a minimum conductor size and a be considered the circuit breaker rating where access to the
maximum conductor length. adjustment means is limited. This access limitation can be

provided by locating the adjustment means behind sealable
covers, as shown in Exhibit 240.2, behind bolted equipment(5) 40-ampere circuits — 12 AWG and larger
enclosures, or behind locked equipment room doors with(6) 50-ampere circuits — 12 AWG and larger
access available only to qualified personnel. The purpose

(3) Extension Cord Sets Flexible cord used in listed exten- of limiting access to the adjustment prevents tampering or
sion cord sets shall be considered to be protected when readjustment by unqualified personnel.
applied within the extension cord listing requirements.
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240.8 Article 240 — Overcurrent Protection

of conductors against overcurrent due to short circuits or
ground faults, but the use of such devices shall be permitted
to protect motor branch-circuit conductors from overload if
protected in accordance with 430.40.

240.10 Supplementary Overcurrent Protection
Where supplementary overcurrent protection is used for lu-
minaires (lighting fixtures), appliances, and other equipment
or for internal circuits and components of equipment, it
shall not be used as a substitute for required branch-circuit
overcurrent devices or in place of the required branch-circuit
protection. Supplementary overcurrent devices shall not be
required to be readily accessible.

240.12 Electrical System Coordination
Where an orderly shutdown is required to minimize the
hazard(s) to personnel and equipment, a system of coordi-
nation based on the following two conditions shall be
permitted:

(1) Coordinated short-circuit protection
Exhibit 240.2 An adjustable-trip circuit breaker with a transpar-
ent, removable, and sealable cover. (Courtesy of Square D Co.)

With coordinated overcurrent protection, the faulted or over-
loaded circuit is isolated by the selective operation of onlyManufacturers of both fuses and inverse time circuit
the overcurrent protective device closest to the overcurrentbreakers have, or can make available, products with ampere
condition. This prevents power loss to unaffected loads.ratings other than those listed in 240.6(A). Selection of such
Examples of overcurrent protection without coordinationnonstandard ratings is not required by the Code but may
and coordinated protection are illustrated in Exhibit 240.3.permit better protection for conductors.

240.8 Fuses or Circuit Breakers in Parallel
Fuses and circuit breakers shall be permitted to be connected
in parallel where they are factory assembled in parallel and
listed as a unit. Individual fuses, circuit breakers, or combina-
tions thereof shall not otherwise be connected in parallel.

Section 240.8 prohibits the use of fuses or circuit breakers
in parallel unless they are factory assembled in parallel and
listed as a unit. Section 404.17 prohibits the use of fuses in
parallel in fused switches except as permitted by 240.8 for
listed assemblies.

It is not the intent of 240.8 to restore the use of standard
fuses in parallel in disconnect switches. However, 240.8
recognizes parallel low-voltage circuit breakers or fuses and
parallel high-voltage circuit breakers or fuses if they are
tested and factory assembled in parallel and listed as a unit.

High-voltage fuses have long been recognized in paral-

 Overcurrent Protection
without Coordination

Overcurrent Protection
with Coordination

Fault Fault

Not affected Opens Unnecessary power loss

Overcurrent devices

lel when they are assembled in an identified common mount-
ing. Exhibit 240.3 Overcurrent protection schemes without system

coordination and with system coordination.

240.9 Thermal Devices
(2) Overload indication based on monitoring systems orThermal relays and other devices not designed to open short

circuits or ground faults shall not be used for the protection devices
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240.20Article 240 — Overcurrent Protection

FPN: For motor circuits, see Parts III, IV, V, and XI ofFPN: The monitoring system may cause the condition
to go to alarm, allowing corrective action or an orderly Article 430.
shutdown, thereby minimizing personnel hazard and

(B) Circuit Breaker as Overcurrent Device Circuitequipment damage.
breakers shall open all ungrounded conductors of the circuit
both manually and automatically unless otherwise permitted240.13 Ground-Fault Protection of Equipment
in 240.20(B)(1), (B)(2), and (B)(3).Ground-fault protection of equipment shall be provided in

accordance with the provisions of 230.95 for solidly (1) Multiwire Branch Circuit Except where limited by
grounded wye electrical systems of more than 150 volts to 210.4(B), individual single-pole circuit breakers, with or
ground but not exceeding 600 volts phase-to-phase for each without identified handle ties, shall be permitted as the pro-
individual device used as a building or structure main discon- tection for each ungrounded conductor of multiwire branch
necting means rated 1000 amperes or more. circuits that serve only single-phase line-to-neutral loads.

The provisions of this section shall not apply to the
(2) Grounded Single-Phase and 3-Wire dc Circuits Indisconnecting means for the following:
grounded systems, individual single-pole circuit breakers

(1) Continuous industrial processes where a nonorderly with identified handle ties shall be permitted as the protection
shutdown will introduce additional or increased hazards for each ungrounded conductor for line-to-line connected

(2) Installations where ground-fault protection is provided loads for single-phase circuits or 3-wire, direct-current cir-
by other requirements for services or feeders cuits.

(3) Fire pumps
(3) 3-Phase and 2-Phase Systems For line-to-line loads
in 4-wire, 3-phase systems or 5-wire, 2-phase systems havingSection 240.13 extends the requirement of 230.95 to building
a grounded neutral and no conductor operating at a voltagedisconnects, regardless of how the disconnects are classified
greater than permitted in 210.6, individual single-pole circuit(service disconnects or building disconnects for feeders or
breakers with identified handle ties shall be permitted as theeven branch circuits). See 215.10 and Article 225, Part II,
protection for each ungrounded conductor.for the requirements for building disconnects not on the

utility service.
Before discussing handle ties, it is important to understandSection 240.13 requires each building or structure dis-
the Article 100 definition of the term multiwire branch cir-connect that is rated 1000 amperes or more, on a solidly
cuit, as well as 210.4(C) and its two exceptions. Multiwiregrounded system of more than 150 volts to ground (e.g., a
branch circuits are permitted to supply line-to-line connected480Y/277-volt system), to be provided with ground-fault
loads where the loads are associated with a single pieceprotection for equipment. Provisions are included for fire
of utilization equipment or where all of the ungroundedpumps and for continuous industrial processes in which
conductors are opened simultaneously by the branch-circuitnonorderly shutdowns would introduce additional hazards.
overcurrent device (automatic opening in response to over-Where ground-fault protection for equipment is installed
current). See the commentary following 210.4(C) for addi-at the service equipment and other buildings or structures
tional information. In addition, a revision to 210.4(B) inare supplied by feeders or branch circuits, 250.24 requires
the 2005 Code expands the requirement for a means toregrounding of the grounded conductor if an equipment
simultaneously disconnect all ungrounded conductors of agrounding conductor is not included in the run. However,
multiwire circuit supplying devices or equipment on the240.13(2) exempts the grounded conductor from being re-
same mounting strap or yoke to apply to all occupancies.grounded downstream from the ground-fault protected ser-

The basic rule in 240.20(B) requires circuit breakers tovice. Regrounding of the neutral at the second building may
open all ungrounded conductors of the circuit when it tripsnullify the ground-fault protection of the second building
(automatic operation in response to overcurrent) or is manu-that would otherwise be provided by ground-fault protection
ally operated as a disconnecting means. For 2-wire circuitsat the main service.
with one conductor grounded, this rule is simple and needs
no further explanation. For multiwire branch circuits of 600

II. Location volts or less, however, there are three acceptable methods
of complying with this rule.240.20 Ungrounded Conductors

The first, and most widely used, method is to install
(A) Overcurrent Device Required A fuse or an overcur- a multipole circuit breaker with an internal common trip
rent trip unit of a circuit breaker shall be connected in series mechanism. The use of such multipole devices ensures com-
with each ungrounded conductor. A combination of a current pliance with all of the Code requirements for overcurrent
transformer and overcurrent relay shall be considered equiv- protection and disconnecting of multiwire branch circuits.
alent to an overcurrent trip unit.
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240.20 Article 240 — Overcurrent Protection

This breaker is operated by an external single lever internally
attached to the two or three poles of the circuit breaker, or
the external lever may be attached to multiple handles oper-
ated as one, provided the breaker is a factory-assembled unit
in accordance with 240.8. Underwriters Laboratories refers
to these devices as multipole common trip circuit breakers.
This type of circuit breaker is required to be used for branch
circuits that comprise multiple ungrounded conductors sup-
plied by ungrounded three-phase and single-phase systems.
Where circuit breakers are used on ungrounded systems,
it is important to verify compliance with the application
requirements in 240.85. Of course, multipole common trip
circuit breakers are permitted to be installed on any branch
circuit supplied from a grounded system where used within
their ratings.

The second option permitted for multiwire branch cir-
cuits is to use two or three single-pole circuit breakers and

Single-phase
ungrounded system

Single-phase, 2-wire
ungrounded circuit

3-phase
ungrounded system

3-phase, 3-wire
ungrounded circuit

240 V

240 V

240 V

240 V

Load

M

add an identified handle tie to function as a common op-
erating handle. This multipole circuit breaker is field assem-

Exhibit 240.4 Examples of circuits that require multipole com-bled by externally attaching an identified common lever
mon trip–type circuit breakers, in accordance with 240.20(B).(handle tie) onto the two or three individual circuit breakers.

It is important to understand that handle ties do not cause
the circuit breaker to function as a common trip device;
rather, it only allows common operation as a disconnecting
means. Handle tie mechanism circuit breakers are permitted
as a substitute for internal common trip mechanism circuit
breakers only for limited applications. Unless specifically
prohibited elsewhere, circuit breakers with identified handle
ties are permitted for multiwire branch circuits only where
the circuit is supplied from grounded 3-phase or grounded
single-phase systems. The single-pole circuit breakers used
together in this fashion must be rated for the dual voltage
encountered, such as 120/240 volts. It is important to note
that the term approved has been revised to identified for the
2005 Code in order to require the use of hardware that has
been designed specifically to perform this common discon-
necting means function. The use of approved, homemade
hardware to perform this function is no longer permitted.

The third method is to use individual single-pole circuit
breakers without common trip mechanisms or without han-
dle ties for multiwire branch circuits. Unless limited by
other sections of the Code, such as 210.4(B), this method
is permitted for multiwire circuits, provided the multiwire
branch circuit supplies only single-phase line-to-neutral

Lighting or appliance branch circuits

M

240 V

120 V

120 V208 V

208 V 120 V

120 V

208 V 120 V

3-phase, 4-wire delta
grounded system

3-phase, 4-wire wye
grounded system

3-phase, 4-wire multiwire branch 
circuit serving line-to-neutral loads

3-phase, 4-wire multiwire branch 
circuit serving line-to-neutral loads

Lighting or appliance branch circuits

N

N

loads.
Exhibit 240.4 through Exhibit 240.6 illustrate some ex- Exhibit 240.5 Examples of circuits in which single-pole circuit

amples of how the requirements in 240.20(B) are applied. breakers are permitted, in accordance with 240.20(B)(1), be-
In Exhibit 240.4, where multipole common trip circuit break- cause they open the ungrounded conductor of the circuit.
ers are required, handle ties are not permitted because the
circuits are supplied from ungrounded systems. In Exhibit line-to-neutral loads. In Exhibit 240.6, in which line-to-

line loads are supplied from single-phase or 4-wire, 3-phase240.5, where the supply systems are grounded, single-pole
circuit breakers are permitted and handle ties or common systems, identified handle ties or multipole common trip

circuit breakers are permitted.trip operation are not required because the circuits supply
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240.21Article 240 — Overcurrent Protection

(A) Branch-Circuit Conductors Branch-circuit tap con-
ductors meeting the requirements specified in 210.19 shall
be permitted to have overcurrent protection located as speci-
fied in that section.

(B) Feeder Taps Conductors shall be permitted to be
tapped, without overcurrent protection at the tap, to a feeder
as specified in 240.21(B)(1) through (B)(5). The provisions
of 240.4(B) shall not be permitted for tap conductors.

An important addition in the 2005 Code is the last sentence
in 240.21(B). The use of the next standard higher standard
size provision of 240.4(B) is not permitted for feeder tap
conductor applications. For instance, the use of a 500-kcmil
THWN copper conductor (380 amperes, per Table 310.16)
as a tap conductor to supply a 400-ampere rated device is
clearly not permitted by this revision.

Exhibit 240.7 illustrates how a smaller 1/0 AWG, Type
THW copper conductor (150 amperes, from Table 310.16)
is supplied from a larger 3/0 AWG, Type THW copper
feeder conductor with an ampacity of 200 amperes (sized
to compensate for voltage drop) that is protected by a 150-
ampere overcurrent protective device. Because the ampacity
of the 1/0 AWG conductor is not exceeded by the rating
of the overcurrent device, the 1/0 AWG conductor is not
considered to be a tap conductor based on the definition of
tap conductor in 240.2. The overcurrent device protects both
sets of conductors in accordance with the basic rule of 240.4,
and additional overcurrent protection is not required at the
point where the 1/0 AWG conductor is supplied.

208 V

240 V

120 V

Handle
tie

M

240 V

M

120 V

120 V

120 V

120 V

3-phase, 3-wire load supplied 
from a grounded system3-phase, 4-wire 

grounded wye system

Single-phase, 3-wire 
multiwire branch circuit3-phase grounded 

delta system

Single-phase, 3-wire 
multiwire branch circuitSingle-phase, 3-wire 

grounded system

Clothes dryer

Clothes dryer

Line-to-line load

208 V208 V

Handle
tie

Handle
tie

Exhibit 240.6 Examples of circuits in which identified handle
ties are permitted to provide the simultaneous disconnecting
function in accordance with 240.20(B)(2) or 240.20(B)(3).

(C) Closed-Loop Power Distribution Systems Listed de-
vices that provide equivalent overcurrent protection in
closed-loop power distribution systems shall be permitted
as a substitute for fuses or circuit breakers.

150-A
MLO
panel-
board

To
other
load

1/0 AWG THW Cu 
150-A conductors

3/0 AWG THW Cu 200-A 
feeder conductors

Additional overcurrent 
protection NOT required

150-A circuit
breaker

240.21 Location in Circuit Exhibit 240.7 An example in which the circuit breaker protecting
the feeder conductors is permitted by 240.21(A) to protect theOvercurrent protection shall be provided in each ungrounded
smaller conductors supplying the panelboard.circuit conductor and shall be located at the point where

the conductors receive their supply except as specified in
240.21(A) through (G). No conductor supplied under the

(1) Taps Not Over 3 m (10 ft) Long Where the length ofprovisions of 240.21(A) through (G) shall supply another
conductor under those provisions, except through an over- the tap conductors does not exceed 3 m (10 ft) and the tap

conductors comply with all of the following:current protective device meeting the requirements of 240.4.
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240.21 Article 240 — Overcurrent Protection

(1) The ampacity of the tap conductors is
a. Not less than the combined calculated loads on the

circuits supplied by the tap conductors, and
b. Not less than the rating of the device supplied by

the tap conductors or not less than the rating of the
overcurrent-protective device at the termination of
the tap conductors.

(2) The tap conductors do not extend beyond the switch-
board, panelboard, disconnecting means, or control de-
vices they supply.

(3) Except at the point of connection to the feeder, the tap

500-kcmil Cu 
THW feeder

3/0 AWG THW Cu tap not over 25 ft long 
and suitably protected or in a raceway

200-A 
circuit breaker

400-A 
circuit breaker

To
load

conductors are enclosed in a raceway, which shall extend
from the tap to the enclosure of an enclosed switchboard, Exhibit 240.8 An example in which the feeder taps terminate in

a single circuit breaker, per 240.21(B)(2)(2).panelboard, or control devices, or to the back of an open
switchboard.

device (400 amperes) protecting the feeder circuit. See Table(4) For field installations where the tap conductors leave
310.16 for the ampacity of copper conductors in conduit.the enclosure or vault in which the tap is made, the

rating of the overcurrent device on the line side of the
tap conductors shall not exceed 10 times the ampacity (3) Taps Supplying a Transformer [Primary Plus Sec-
of the tap conductor. ondary Not Over 7.5 m (25 ft) Long] Where the tap con-

ductors supply a transformer and comply with all theFPN: For overcurrent protection requirements for light-
following conditions:ing and appliance branch-circuit panelboards and certain

power panelboards, see 408.36(A), (B), and (E). (1) The conductors supplying the primary of a transformer
have an ampacity at least one-third the rating of the(2) Taps Not Over 7.5 m (25 ft) Long Where the length
overcurrent device protecting the feeder conductors.of the tap conductors does not exceed 7.5 m (25 ft) and the

(2) The conductors supplied by the secondary of the trans-tap conductors comply with all the following:
former shall have an ampacity that is not less than the

(1) The ampacity of the tap conductors is not less than one- value of the primary-to-secondary voltage ratio
third of the rating of the overcurrent device protecting multiplied by one-third of the rating of the overcurrent
the feeder conductors. device protecting the feeder conductors.

(2) The tap conductors terminate in a single circuit breaker (3) The total length of one primary plus one secondary
or a single set of fuses that will limit the load to the conductor, excluding any portion of the primary conduc-
ampacity of the tap conductors. This device shall be tor that is protected at its ampacity, is not over 7.5 m
permitted to supply any number of additional overcur- (25 ft).
rent devices on its load side. (4) The primary and secondary conductors are protected

(3) The tap conductors are protected from physical damage from physical damage by being enclosed in an approved
by being enclosed in an approved raceway or by other raceway or by other approved means.
approved means. (5) The secondary conductors terminate in a single circuit

breaker or set of fuses that limit the load current to not
more than the conductor ampacity that is permitted byExhibit 240.8 illustrates the conditions of 240.21(B)(2), in
310.15.which three 3/0 AWG, Type THW copper tap conductors

are protected from physical damage in a raceway. The tap
Exhibit 240.9 illustrates the conditions of 240.21(B)(3). Theconductors are not more than 25 ft in length between termina-
overcurrent protection requirements of 408.36 for pan-tions, and the conductors are tapped from 500-kcmil, Type
elboards and 450.3(B) for transformers also apply.THW copper feeders and terminate in a circuit breaker. It

is important to note that the lengths specified in 240.21(B)
and 240.21(C) apply to the conductors and not to a race- (4) Taps Over 7.5 m (25 ft) Long Where the feeder is in
way enclosing the conductors or to the distance between a high bay manufacturing building over 11 m (35 ft) high
the enclosures in which the tap conductors originate and at walls and the installation complies with all the following
terminate. conditions:

Note that a 3/0 AWG, Type THW copper conductor (200
(1) Conditions of maintenance and supervision ensure thatamperes) is more than one-third the rating of the overcurrent

only qualified persons service the systems.
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240.21Article 240 — Overcurrent Protection

Maximum total length

25-ft tap
480 V,
3 phase
(from 480Y/
277-V supply)

8 AWG THHW Cu
(50 A) Ip = 45 A 37.5 kVA

Is = 104 A

100 A110 A

Main lugs
panelboard

Secondary-to-primary voltage ratio = 208/480 = 0.433

208Y/120 V

3 AWG THHW Cu (100 A)

Exhibit 240.9 An example in which the transformer feeder taps
(primary plus secondary) are not over 25 ft long, per 240.21(B)(3)
and 240.21(C)(5).

(2) The tap conductors are not over 7.5 m (25 ft) long

Conductor
length not to
exceed 100 ft

Floor

25 ft max.
on horizontal

30 ft
min.

Wall over
35 ft

horizontally and not over 30 m (100 ft) total length.
(3) The ampacity of the tap conductors is not less than one- Exhibit 240.10 Application of 240.21(B)(4) in which the hori-

zontal length of the feeder tap conductors does not exceed 25third the rating of the overcurrent device protecting the
ft, the total vertical plus horizontal length of the tap conductorsfeeder conductors.
does not exceed 100 ft, and the tap connection is made at a(4) The tap conductors terminate at a single circuit breaker
point not less than 30 ft from the floor.

or a single set of fuses that limit the load to the ampacity
of the tap conductors. This single overcurrent device
shall be permitted to supply any number of additional
overcurrent devices on its load side. (2) The conductors terminate at a single circuit breaker or

(5) The tap conductors are protected from physical damage a single set of fuses that limit the load to the ampacity
by being enclosed in an approved raceway or by other of the conductors. This single overcurrent device shall
approved means. be permitted to supply any number of additional over-

(6) The tap conductors are continuous from end-to-end and current devices on its load side.
contain no splices. (3) The overcurrent device for the conductors is an integral

(7) The tap conductors are sized 6 AWG copper or 4 AWG part of a disconnecting means or shall be located imme-
aluminum or larger. diately adjacent thereto.

(8) The tap conductors do not penetrate walls, floors, or (4) The disconnecting means for the conductors is installed
ceilings. at a readily accessible location complying with one of

(9) The tap is made no less than 9 m (30 ft) from the floor. the following:

a. Outside of a building or structure
Exhibit 240.10 illustrates the requirements of 240.21(B)(4). b. Inside, nearest the point of entrance of the conductors
It permits a tap of 100 ft for manufacturing buildings with c. Where installed in accordance with 230.6, nearest
walls that are over 35 ft high where the tap connection is the point of entrance of the conductors
made not less than 30 ft from the floor and conditions of
maintenance and supervision ensure that only qualified per-

Section 240.21(B)(5) permits outside conductors to be
sons service these systems.

tapped from a feeder without any limitations on the length
of the tap conductors. The tap conductors must be protected
against physical damage and must terminate in a single,(5) Outside Taps of Unlimited Length Where the conduc-
fused disconnect or a single circuit breaker with a ratingtors are located outdoors of a building or structure, except
that does not exceed the ampacity of the tap conductors.at the point of load termination, and comply with all of the
Also, this fused disconnect or circuit breaker must be in-following conditions:
stalled at a readily accessible location either inside or outside

(1) The conductors are protected from physical damage in a building or structure. Furthermore, if the fused disconnect
an approved manner.
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240.21 Article 240 — Overcurrent Protection

to remember, though, is the coordination between the re-or circuit breaker is installed inside a building or structure,
it must be located nearest the point of entrance of the tap quirements of 240.21(C) and, where used, the transformer

secondary protection requirements in 450.3(A) andconductors.
450.3(B).

(C) Transformer Secondary Conductors Each set of con-
(1) Protection by Primary Overcurrent Device Conduc-ductors feeding separate loads shall be permitted to be con-

nected to a transformer secondary, without overcurrent tors supplied by the secondary side of a single-phase trans-
former having a 2-wire (single-voltage) secondary, or aprotection at the secondary, as specified in 240.21(C)(1)

through (C)(6). The provisions of 240.4(B) shall not be three-phase, delta-delta connected transformer having a 3-
wire (single-voltage) secondary, shall be permitted to bepermitted for transformer secondary conductors.
protected by overcurrent protection provided on the primary

FPN: For overcurrent protection requirements for trans- (supply) side of the transformer, provided this protection isformers, see 450.3.
in accordance with 450.3 and does not exceed the value
determined by multiplying the secondary conductor ampac-

Transformer secondary conductors are permitted without ity by the secondary to primary transformer voltage ratio.
an overcurrent protective device at the point the secondary Single-phase (other than 2-wire) and multiphase (other
conductors receive their supply under any of the following than delta-delta, 3-wire) transformer secondary conductors
five conditions: are not considered to be protected by the primary overcurrent

protective device.1. The primary overcurrent protective device, as described
in 240.21(C)(1), can protect single-phase (2-wire) and

(2) Transformer Secondary Conductors Not Over 3 m
3-phase (delta-delta) transformer secondary conductors.

(10 ft) Long Where the length of secondary conductor does
2. The transformer secondary conductors do not exceed

not exceed 3 m (10 ft) and complies with all of the following:
10 ft.

3. The transformer secondary conductors do not exceed (1) The ampacity of the secondary conductors is
25 ft (two applications). a. Not less than the combined calculated loads on the

4. The transformer primary plus the secondary conductors circuits supplied by the secondary conductors, and
do not exceed 25 ft. b. Not less than the rating of the device supplied by

5. The transformer secondary conductors are located out- the secondary conductors or not less than the rating
doors. of the overcurrent-protective device at the termina-

tion of the secondary conductors, and
Like the change in 240.21(B) for the 2005 Code, c. Not less than one-tenth of the rating of the overcur-

240.21(C) has been revised to specifically prohibit applica- rent device protecting the primary of the transformer,
tion of 240.4(B) with transformer secondary conductors cov- multiplied by the primary to secondary transformer
ered by the requirements of 240.21(C)(1) through voltage ratio
240.21(C)(6). See the commentary for 240.21(B).

(2) The secondary conductors do not extend beyond the
The question of whether it is permissible to connect

switchboard, panelboard, disconnecting means, or con-
more than one set of secondary conductors to the secondary

trol devices they supply.
terminals of a transformer has been clearly answered in the

(3) The secondary conductors are enclosed in a raceway,
2005 Code by revising the first sentence of 240.21(C) to

which shall extend from the transformer to the enclosure
specify that the requirements apply to ‘‘each set of conduc-

of an enclosed switchboard, panelboard, or control de-
tors feeding separate loads.’’ First, it should be noted that

vices or to the back of an open switchboard.
it has never been the intent of these secondary conductor
rules to limit their application to one set per transformer, FPN: For overcurrent protection requirements for light-

ing and appliance branch-circuit panelboards and certainand in fact there was no prohibition on installing multiple sets
power panelboards, see 408.36(A), (B), and (E).of secondary conductors and applying the 25-ft secondary

conductor rule of 240.21(C)(6) to one set of conductors
and the 10-ft secondary conductor rule to another set of For the 2005 Code, the minimum size requirement for 10-

ft transformer secondary conductors has been revised toconductors. Each set is treated individually in applying these
requirements. For example, two panelboards could be sup- establish a relationship between the size of the ungrounded

secondary conductors and the rating of the transformer pri-plied by two separate sets of transformer secondary conduc-
tors, with each set of conductors complying with one of the mary overcurrent protective device, in a vein similar to that

required for 10-ft feeder tap conductors. This size–ratingsets of rules from 240.21(C)(1) through (C)(6). Important
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240.21Article 240 — Overcurrent Protection

(4) Outside Secondary Conductors Where the conductorsrelationship is necessary because the transformer primary
device also provides short-circuit ground-fault protection for are located outdoors of a building or structure, except at the

point of load termination, and comply with all of the follow-the transformer secondary conductors. It is important to
understand that this revision is only one piece to establishing ing conditions:
the minimum size for secondary conductors, and it is neces-

(1) The conductors are protected from physical damage insary to also ensure that the ampacity of the conductors is
an approved manner.adequate for the calculated load and is not less than the

(2) The conductors terminate at a single circuit breaker orrating of the device or overcurrent protective device in which
a single set of fuses that limit the load to the ampacitythe conductors terminate. The following example illustrates
of the conductors. This single overcurrent device shallthe application of this new requirement.
be permitted to supply any number of additional over-

Example current devices on its load side.
(3) The overcurrent device for the conductors is an integralBackground Information

part of a disconnecting means or shall be located imme-
75 kVA, 3-phase, 480-volt primary to 208Y/120-volt diately adjacent thereto.
secondary (4) The disconnecting means for the conductors is installed
Transformer primary overcurrent protective device is at a readily accessible location complying with one of
rated 125 amperes the following:

Calculation a. Outside of a building or structure
b. Inside, nearest the point of entrance of the conductors1/10 of the primary OCPD rating:
c. Where installed in accordance with 230.6, nearest

the point of entrance of the conductors125 amperes � 10 � 12.5 amperes

Line-to-line primary to secondary voltage ratio (480/ (5) Secondary Conductors from a Feeder Tapped Trans-
208) is 2.31 former Transformer secondary conductors installed in ac-
12.5 amperes � 2.31 � 29 amperes cordance with 240.21(B)(3) shall be permitted to have

overcurrent protection as specified in that section.Minimum Ampacity for Ungrounded Transformer Secondary
Conductor (6) Secondary Conductors Not Over 7.5 m (25 ft) Long

Where the length of secondary conductor does not exceed29 amperes – 10 AWG copper THWN from Table
7.5 m (25 ft) and complies with all of the following:310.16 (30 amperes from 60�C column)

Conclusion (1) The secondary conductors shall have an ampacity that
is not less than the value of the primary-to-secondaryA 10 AWG copper conductor is permitted to be tapped from
voltage ratio multiplied by one-third of the rating ofthe secondary of this transformer with primary overcurrent
the overcurrent device protecting the primary of theprotection rated 125 amperes. The load supplied by this
transformer.secondary conductor cannot exceed the conductor’s allow-

(2) The secondary conductors terminate in a single circuitable ampacity from Table 310.16 coordinated with the tem-
breaker or set of fuses that limit the load current to notperature rating of the conductor terminations in accordance
more than the conductor ampacity that is permitted bywith 110.14(C)(1)(a).
310.15.

(3) The secondary conductors are protected from physical
(3) Industrial Installation Secondary Conductors Not damage by being enclosed in an approved raceway or
Over 7.5 m (25 ft) Long For industrial installations only, by other approved means.
where the length of the secondary conductors does not ex-

(D) Service Conductors Service-entrance conductors shallceed 7.5 m (25 ft) and complies with all of the following:
be permitted to be protected by overcurrent devices in accor-

(1) The ampacity of the secondary conductors is not less
dance with 230.91.

than the secondary current rating of the transformer,
and the sum of the ratings of the overcurrent devices (E) Busway Taps Busways and busway taps shall be per-
does not exceed the ampacity of the secondary conduc- mitted to be protected against overcurrent in accordance
tors. with 368.17.

(2) All overcurrent devices are grouped.
(3) The secondary conductors are protected from physical (F) Motor Circuit Taps Motor-feeder and branch-circuit

conductors shall be permitted to be protected against over-damage by being enclosed in an approved raceway or
by other approved means. current in accordance with 430.28 and 430.53, respectively.
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240.22 Article 240 — Overcurrent Protection

equipment they supply and can be reached by using a ladder.(G) Conductors from Generator Terminals Conductors
from generator terminals that meet the size requirement in For the purposes of this requirement, ready access to the

operating handle of a fusible switch or circuit breaker is445.13 shall be permitted to be protected against overload
by the generator overload protective device(s) required by considered to be not more than 6 ft 7 in. above the finished

floor or working platform.445.12.
The measurement is made from the center of the device

operating handle when the handle is at its highest position.240.22 Grounded Conductor
This text, added for the 2005 Code, parallels the requirementNo overcurrent device shall be connected in series with any
of 404.8(A), which applies to all switches and to circuitconductor that is intentionally grounded, unless one of the
breakers used as switches. For information regarding thefollowing two conditions is met:
accessibility of supplementary overcurrent devices, refer to

(1) The overcurrent device opens all conductors of the cir- 240.10.
cuit, including the grounded conductor, and is designed
so that no pole can operate independently. (B) Occupancy Each occupant shall have ready access to

(2) Where required by 430.36 or 430.37 for motor overload all overcurrent devices protecting the conductors supplying
protection. that occupancy.

Exception No. 1: Where electric service and electrical main-240.23 Change in Size of Grounded Conductor
tenance are provided by the building management and whereWhere a change occurs in the size of the ungrounded conduc-
these are under continuous building management supervi-tor, a similar change shall be permitted to be made in the
sion, the service overcurrent devices and feeder overcurrentsize of the grounded conductor.
devices supplying more than one occupancy shall be permit-
ted to be accessible to only authorized management person-

Section 240.23 acknowledges that the size of the grounded nel in the following:
circuit conductor may be increased (e.g., because of voltage-

(1) Multiple-occupancy buildingsdrop problems) or reduced to correspond to a reduction made
(2) Guest rooms or guest suites of hotels and motels thatin the size of the ungrounded circuit conductor(s), as in the

are intended for transient occupancycase of feeder tap conductors, provided of course that the
grounded and ungrounded conductors comprise the same Exception No. 2: Where electric service and electrical main-
circuit. tenance are provided by the building management and where

these are under continuous building management supervi-
sion, the branch circuit overcurrent devices supplying any

240.24 Location in or on Premises guest rooms or guest suites shall be permitted to be accessi-
(A) Accessibility Overcurrent devices shall be readily ac- ble to only authorized management personnel for guest
cessible and shall be installed so that the center of the grip rooms of hotels and motels that are intended for transient
of the operating handle of the switch or circuit breaker, when occupancy.
in its highest position, is not more than 2.0 m (6 ft 7 in.)

(C) Not Exposed to Physical Damage Overcurrent de-above the floor or working platform unless one of the follow-
vices shall be located where they will not be exposed toing applies:
physical damage.

(1) For busways, as provided in 368.12.
FPN: See 110.11, Deteriorating Agents.(2) For supplementary overcurrent protection, as described

in 240.10. (D) Not in Vicinity of Easily Ignitible Material Overcur-
(3) For overcurrent devices, as described in 225.40 and rent devices shall not be located in the vicinity of easily

230.92. ignitible material, such as in clothes closets.
(4) For overcurrent devices adjacent to utilization equip-

ment that they supply, access shall be permitted to be
Examples of locations where combustible materials may beby portable means.
stored are linen closets, paper storage closets, and clothes
closets.

Section 240.24(A)(4) recognizes the need for overcurrent
protection in locations that are not readily accessible, such

(E) Not Located in Bathrooms In dwelling units and guestas above suspended ceilings. It permits overcurrent devices
rooms or guest suites of hotels and motels, overcurrent de-to be located so that they are not readily accessible, as long
vices, other than supplementary overcurrent protection, shallas they are located next to the appliance, motor, or other
not be located in bathrooms.
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240.41Article 240 — Overcurrent Protection

closed, and the down position of the handle being off orIII. Enclosures
open, in accordance with 240.81 limits the number of pole

240.30 General spaces available on a panelboard where its cabinet is
mounted in a horizontal position on a wall.(A) Protection from Physical Damage Overcurrent de-

vices shall be protected from physical damage by one of the
following:

IV. Disconnecting and Guarding
(1) Installation in enclosures, cabinets, cutout boxes, or

240.40 Disconnecting Means for Fusesequipment assemblies
(2) Mounting on open-type switchboards, panelboards, or A disconnecting means shall be provided on the supply side

control boards that are in rooms or enclosures free from of all fuses in circuits over 150 volts to ground and cartridge
dampness and easily ignitible material and are accessi- fuses in circuits of any voltage where accessible to other
ble only to qualified personnel than qualified persons, so that each circuit containing fuses

can be independently disconnected from the source of power.
A current-limiting device without a disconnecting meansProperly selected overcurrent protective devices are de-
shall be permitted on the supply side of the service discon-signed to open a circuit before an overcurrent condition can
necting means as permitted by 230.82. A single discon-seriously damage conductor insulation. Requirements that
necting means shall be permitted on the supply side of moreovercurrent devices be enclosed in cabinets or cutout boxes
than one set of fuses as permitted by 430.112, Exception,ensure that hot metal particles will not be ejected in the
for group operation of motors and 424.22(C) for fixed elec-vicinity of combustible materials. Also, use of an enclosure
tric space-heating equipment.prevents contact with live parts by personnel.

Overcurrent devices mounted on open-type switch-
boards, panelboards, or control boards and having exposed A single disconnect switch is allowed to serve more than
energized parts are to be located where accessible only to one set of fuses, such as in multimotor installations or for
qualified persons. electric space-heating equipment where the heating element

load is required to be subdivided, each element with its own
set of fuses. A revision in the 2005 Code recognizes the(B) Operating Handle The operating handle of a circuit
installation of cable limiters or similar current-limiting de-breaker shall be permitted to be accessible without opening
vices on the supply side of the service disconnecting means,a door or cover.
as permitted by 230.82(1). No disconnecting means is re-
quired on the supply side of such devices.240.32 Damp or Wet Locations

Enclosures for overcurrent devices in damp or wet locations
shall comply with 312.2(A). 240.41 Arcing or Suddenly Moving Parts

Arcing or suddenly moving parts shall comply with240.33 Vertical Position
240.41(A) and (B).Enclosures for overcurrent devices shall be mounted in a

vertical position unless that is shown to be impracticable. (A) Location Fuses and circuit breakers shall be located
Circuit breaker enclosures shall be permitted to be installed or shielded so that persons will not be burned or otherwise
horizontally where the circuit breaker is installed in accor- injured by their operation.
dance with 240.81. Listed busway plug-in units shall be
permitted to be mounted in orientations corresponding to (B) Suddenly Moving Parts Handles or levers of circuit

breakers, and similar parts that may move suddenly in suchthe busway mounting position.
a way that persons in the vicinity are likely to be injured
by being struck by them, shall be guarded or isolated.The general rule of 240.33 requires enclosures for overcur-

rent devices to be installed in a vertical position. A wall-
mounted vertical position for enclosures for overcurrent de- Arcing or sudden-moving parts are usually associated with

switchboards or control boards that may be of the open type.vices is desirable to afford easier access, natural hand opera-
tion, normal swinging or closing of doors or covers, and Switchboards and control boards should be under competent

supervision and accessible only to qualified persons. Fuseslegibility of the manufacturer’s markings. In addition, this
section does not permit a panelboard or fusible switch enclo- or circuit breakers must be located or shielded so that, under

an abnormal condition, the subsequent arc across the openingsure to be installed in a horizontal position such that the
back of the enclosure is mounted on the ceiling or the floor. device will not injure persons in the vicinity.

Guardrails may be provided in the vicinity of discon-Compliance with the up position of the handle being on or
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240.50 Article 240 — Overcurrent Protection

necting means because sudden-moving handles may be capa-
ble of causing injury. Modern switchboards, for example,
are equipped with removable handles. See Article 100 for
the definition of guarded. See also 110.27 for the guarding
of live parts (600 volts, nominal, or less).

V. Plug Fuses, Fuseholders,
and Adapters

240.50 General
(A) Maximum Voltage Plug fuses shall be permitted to be
used in the following circuits:

(1) Circuits not exceeding 125 volts between conductors
(2) Circuits supplied by a system having a grounded neutral

where the line-to-neutral voltage does not exceed 150
volts

Plug fuses can be installed in circuits supplied by 120/240-
volt, single-phase, 3-wire systems and by 208Y/120-volt, 3-
phase, 4-wire systems.

Exhibit 240.11 Two plug fuses and a Type S fuse. (Courtesy of
Bussmann Division, Cooper Industries)

(B) Marking Each fuse, fuseholder, and adapter shall be
marked with its ampere rating.

(C) Hexagonal Configuration Plug fuses of 15-ampere
and lower rating shall be identified by a hexagonal configura-
tion of the window, cap, or other prominent part to distin-
guish them from fuses of higher ampere ratings.

Exhibit 240.11 shows two examples of Edison-base plug
fuses and a Type S plug fuse. Note the hexagonal feature
on the 15-ampere fuse in accordance with 240.50(C).

(D) No Energized Parts Plug fuses, fuseholders, and
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adapters shall have no exposed energized parts after fuses
or fuses and adapters have been installed.

Exhibit 240.12 Type S nonrenewable plug fuse and adapter.
(Redrawn from Bussmann Division, Cooper Industries)(E) Screw Shell The screw shell of a plug-type fuseholder

shall be connected to the load side of the circuit.
240.52 Edison-Base Fuseholders
Fuseholders of the Edison-base type shall be installed onlyExhibit 240.12 shows a Type S nonrenewable plug fuse and
where they are made to accept Type S fuses by the use ofits corresponding adapter.
adapters.

240.51 Edison-Base Fuses 240.53 Type S Fuses
(A) Classification Plug fuses of the Edison-base type shall Type S fuses shall be of the plug type and shall comply with
be classified at not over 125 volts and 30 amperes and below. 240.53(A) and (B).

(B) Replacement Only Plug fuses of the Edison-base type (A) Classification Type S fuses shall be classified at not
over 125 volts and 0 to 15 amperes, 16 to 20 amperes, andshall be used only for replacements in existing installations

where there is no evidence of overfusing or tampering. 21 to 30 amperes.
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240.60Article 240 — Overcurrent Protection

The interrupting rating shall not be required to be(B) Noninterchangeable Type S fuses of an ampere classi-
fication as specified in 240.53(A) shall not be interchange- marked on fuses used for supplementary protection.
able with a lower ampere classification. They shall be
designed so that they cannot be used in any fuseholder other Exhibit 240.13 shows two examples of Class G fuses rated
than a Type S fuseholder or a fuseholder with a Type S 300 volts. Note the plainly marked barrels. Class H-type
adapter inserted. cartridge fuses have an interrupting capacity (IC) rating of

10,000 amperes, which need not be marked on the fuse.
240.54 Type S Fuses, Adapters, and Fuseholders However, Class CC, G, J, K, L, R, and T cartridge fuses

exceed the 10,000-ampere IC rating and must be marked(A) To Fit Edison-Base Fuseholders Type S adapters shall
with the IC rating. Section 240.83(C) requires that the ICfit Edison-base fuseholders.
rating for circuit breakers for other than 5000 amperes be

(B) To Fit Type S Fuses Only Type S fuseholders and indicated on the circuit breaker. Fuses or circuit breakers
adapters shall be designed so that either the fuseholder itself used for supplementary overcurrent protection of fluorescent
or the fuseholder with a Type S adapter inserted cannot be fixtures, semiconductor rectifiers, motor-operated appli-
used for any fuse other than a Type S fuse. ances, and so on, need not be marked for IC. See also the

commentary on circuit breakers following 110.10.
(C) Nonremovable Type S adapters shall be designed so
that once inserted in a fuseholder, they cannot be removed.

(D) Nontamperable Type S fuses, fuseholders, and adapt-
ers shall be designed so that tampering or shunting (bridging)
would be difficult.

(E) Interchangeability Dimensions of Type S fuses, fuse-
holders, and adapters shall be standardized to permit inter-
changeability regardless of the manufacturer.

VI. Cartridge Fuses and Fuseholders
240.60 General
(A) Maximum Voltage — 300-Volt Type Cartridge fuses
and fuseholders of the 300-volt type shall be permitted to
be used in the following circuits:

(1) Circuits not exceeding 300 volts between conductors
(2) Single-phase line-to-neutral circuits supplied from a 3-

phase, 4-wire, solidly grounded neutral source where
the line-to-neutral voltage does not exceed 300 volts

(B) Noninterchangeable — 0–6000-Ampere Cartridge
Exhibit 240.13 Two Class G fuses rated 300 volts. (CourtesyFuseholders Fuseholders shall be designed so that it will
of Bussmann Division, Cooper Industries)be difficult to put a fuse of any given class into a fuseholder

that is designed for a current lower, or voltage higher, than
that of the class to which the fuse belongs. Fuseholders for (D) Renewable Fuses Class H cartridge fuses of the renew-
current-limiting fuses shall not permit insertion of fuses that able type shall only be permitted to be used for replacement
are not current-limiting. in existing installations where there is no evidence of over-

fusing or tampering.(C) Marking Fuses shall be plainly marked, either by print-
ing on the fuse barrel or by a label attached to the barrel

Class H renewable fuses are now permitted only as a replace-showing the following:
ment in existing installations. Where overfusing and/or tam-

(1) Ampere rating pering are detected with an existing installation, the use
(2) Voltage rating of nonrenewable fuses as a replacement is mandatory. An
(3) Interrupting rating where other than 10,000 amperes important consideration in the use of the traditional Class
(4) Current limiting where applicable H renewable fuse is its 10,000-ampere interrupting rating.
(5) The name or trademark of the manufacturer
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240.61 Article 240 — Overcurrent Protection

In addition, caution must be exercised where the use of interrupting rating shown on the circuit breaker. The inter-
rupting rating shall not be required to be marked on circuitrenewable fuses is contemplated because the manufacturer’s

directions provided in some modern fusible switches do not breakers used for supplementary protection.
permit the use of renewable fuses or strongly recommend
against their use. Section 240.83(C) recognizes series-rated circuit breakers

and requires that the end-use equipment be marked with the
series combination rating. For example, a circuit breaker240.61 Classification
with an interrupting rating of 10,000 amperes may performCartridge fuses and fuseholders shall be classified according
safely on a circuit with an available fault current that isto voltage and amperage ranges. Fuses rated 600 volts, nomi-
greater than 10,000 amperes, under the following conditions:nal, or less shall be permitted to be used for voltages at or

below their ratings. 1. It is protected on its line side by a circuit breaker with
a suitable interrupting rating.

2. The series combination has been tested and demon-See 490.21(B) for application of high-voltage fuses.
strated to safely open a short-circuit current higher than
the 10,000 amperes on the load side of the downstreamVII. Circuit Breakers
breaker.

240.80 Method of Operation The UL General Information Directory (‘‘White Book’’),
Circuit breakers shall be trip free and capable of being closed under the category ‘‘Switchboards, Dead Front Type
and opened by manual operation. Their normal method of (WEVZ),’’ provides the following information:
operation by other than manual means, such as electrical or

Short Circuit Ratings: Dead-front switchboard sec-pneumatic, shall be permitted if means for manual operation
tions or interiors are marked with their DC or RMSare also provided.
symmetrical short-circuit current rating in amperes.

240.81 Indicating The marking states that short-circuit ratings are limited
to the lowest short-circuit rating of (1) any switchboardCircuit breakers shall clearly indicate whether they are in
section connected in series or (2) the lowest short-the open ‘‘off’’ or closed ‘‘on’’ position.
circuit rating of any device installed or intended toWhere circuit breaker handles are operated vertically
be installed therein. However, for combination series-rather than rotationally or horizontally, the ‘‘up’’ position
connected devices, the short-circuit current ratingof the handle shall be the ‘‘on’’ position.
marked on the switchboard may be higher than the
short-circuit current rating of a specific circuit breakerSee 240.83(D), 404.11, and 410.81(A) for requirements for
installed or to be installed in the switchboard. Thiscircuit breakers used as switches. To ensure that operating
higher rating is valid only if the specific overcurrentthe handle in a downward motion turns the device off, 240.81
devices identified in the marking are used within orprohibits a circuit breaker from being inverted.
ahead of the switchboard in accordance with the
marked instructions. In many cases, the short-circuit

240.82 Nontamperable ratings are associated with instructions for securing
A circuit breaker shall be of such design that any alteration supply wiring within the switchboard. The reference
of its trip point (calibration) or the time required for its to ‘‘securing supply wiring within the switchboard’’
operation requires dismantling of the device or breaking of alludes to the necessity to prevent the supply wiring
a seal for other than intended adjustments. from violently moving due to magnetic forces under

short-circuit or ground-fault conditions.
240.83 Marking
(A) Durable and Visible Circuit breakers shall be marked

(D) Used as Switches Circuit breakers used as switches inwith their ampere rating in a manner that will be durable
120-volt and 277-volt fluorescent lighting circuits shall beand visible after installation. Such marking shall be permitted
listed and shall be marked SWD or HID. Circuit breakersto be made visible by removal of a trim or cover.
used as switches in high-intensity discharge lighting circuits

(B) Location Circuit breakers rated at 100 amperes or less shall be listed and shall be marked as HID.
and 600 volts or less shall have the ampere rating molded,
stamped, etched, or similarly marked into their handles or

Circuit breakers marked ‘‘SWD’’ are 15- or 20-ampereescutcheon areas.
breakers that have been subjected to additional endurance

(C) Interrupting Rating Every circuit breaker having an and temperature testing to assess their ability to be used as
interrupting rating other than 5000 amperes shall have its
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240.86Article 240 — Overcurrent Protection

the regular control device for fluorescent lighting circuits. A being connected on the load side of an acceptable overcurrent
protective device having a higher rating, the circuit breakerchange in the 2002 Code instituted a requirement that circuit

breakers marked ‘‘HID’’ are also acceptable for switching ap- shall meet the requirements specified in (A) or (B), and (C).
plications, and that this marking must be on circuit breakers
used as the regular switching device to control high-intensity A series rated system is a combination of circuit breakers
discharge (HID) lighting such as mercury vapor, high-pres- or a combination of fuses and circuit breakers that can be
sure or low-pressure sodium, or metal halide lighting. Circuit applied at available short-circuit levels above the inter-
breakers marked ‘‘HID’’ can be used for switching both high- rupting rating of the load-side circuit breakers but not above
intensity discharge and fluorescent lighting loads; however, a that of the main or line-side device. Series rated systems
circuit breaker marked ‘‘SWD’’ can be used only as a switch- can consist of fuses that protect circuit breakers or of circuit
ing device for fluorescent lighting loads. breakers that protect circuit breakers. The arrangement of

protective components in a series rated system can be as
specified in 240.86(A) for engineered systems applied to(E) Voltage Marking Circuit breakers shall be marked
existing installations or in 240.86(B) for tested combinationswith a voltage rating not less than the nominal system voltage
that can be applied in any new or existing installation.that is indicative of their capability to interrupt fault currents

between phases or phase to ground.

(A) Selected Under Engineering Supervision in Existing240.85 Applications
Installations The series rated combination devices shall beA circuit breaker with a straight voltage rating, such as 240V
selected by a licensed professional engineer engaged primar-or 480V, shall be permitted to be applied in a circuit in
ily in the design or maintenance of electrical installations.which the nominal voltage between any two conductors does
The selection shall be documented and stamped by the pro-not exceed the circuit breaker’s voltage rating. A two-pole
fessional engineer. This documentation shall be available tocircuit breaker shall not be used for protecting a 3-phase,
those authorized to design, install, inspect, maintain, andcorner-grounded delta circuit unless the circuit breaker is
operate the system. This series combination rating, includingmarked 1�–3� to indicate such suitability.
identification of the upstream device, shall be field markedA circuit breaker with a slash rating, such as 120/240V
on the end use equipment.or 480Y/277V, shall be permitted to be applied in a solidly

grounded circuit where the nominal voltage of any conductor
This new provision allows for an engineering solution atto ground does not exceed the lower of the two values of
existing facilities where an increase in the available faultthe circuit breaker’s voltage rating and the nominal voltage
current (due to factors such as increases in transformer size,between any two conductors does not exceed the higher
lowering of transformer impedances, and changes in utilityvalue of the circuit breaker’s voltage rating.
distribution systems) puts the existing circuit overcurrentFPN: Proper application of molded case circuit breakers
protection equipment at peril in regard to interrupting faulton 3-phase systems, other than solidly grounded wye, par-
currents as required by 110.9. The objective of this ‘‘engi-ticularly on corner grounded delta systems, considers the

circuit breakers’ individual pole-interrupting capability. neered system’’ is to maintain compliance with 110.9 by
redesigning the overcurrent protection scheme to accommo-
date the increase in available fault current and not having toA circuit breaker marked 480Y/277V is not intended for use
undertake a wholesale replacement of electrical distributionon a 480-volt system with up to 480 volts to ground, such
equipment. Where the increase in fault current causes ex-as a 480-volt circuit derived from a corner-grounded, delta-
isting equipment to be ‘‘underrated,’’ the engineering ap-connected system. A circuit breaker marked either 480V or
proach is to provide upstream protection that functions in600V should be used on such a system. In like manner, a
concert with the existing protective devices to safely opencircuit breaker marked 120/240V is not intended for use on
the circuit under fault conditions. The requirement specifiesa delta-connected 240-volt circuit. A 240-volt, 480-volt, or
that the design of such systems is to be performed only by600-volt circuit breaker should be used on such a circuit.
licensed professional engineers whose credentials substanti-The slash (/) between the lower and higher voltage ratings
ate their ability to perform this type of engineering. Docu-in the marking indicates that the circuit breaker has been
mentation in the form of stamped drawings and field markingtested for use on a circuit with the higher voltage between
of end-use equipment to indicate it is a component of aphases and with the lower voltage to ground.
series rated system is required.

Designing a series rated system requires careful consid-240.86 Series Ratings
eration of the fault-clearing characteristics of the existing

Where a circuit breaker is used on a circuit having an available protective devices and their ability to interact with the newly
fault current higher than the marked interrupting rating by
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240.90 Article 240 — Overcurrent Protection

installed upstream protective device(s) when subjected to One critical requirement limits the use of series rated systems
fault conditions. This new provision does not ensure that an in which motors are connected between the line-side (pro-
engineered series rated system can be applied to all existing tecting) device and the load-side (protected) circuit breaker.
installations. The operating parameters of the existing over- Section 240.86(C) requires that series ratings developed
current protection equipment dictate what can be done in a under the parameters of either 240.86(A) or 240.86(B) are
field-engineered protection scheme. not to be used where the sum of motor full-load currents

Compatibility with series rated systems will in all likeli- exceeds 1 percent of the interrupting rating of the load-side
hood be limited to circuit breakers that (1) remain closed (protected) circuit breaker, as illustrated in Exhibit 240.14.
during the first 1⁄2 cycle of a fault and (2) have an interrupting
rating that is not less than the let-through current of an
upstream protective device (such as a current-limiting fuse).
In those cases where the opening of a circuit breaker, under
any level of fault current, begins in less than 1⁄2 cycle, the
use of a field engineered series rated system will in all
likelihood be contrary to acceptable application practices
specified by the circuit breaker manufacturer. Where there
is any doubt over the proper application of existing down-
stream circuit breakers with new upstream overcurrent pro-
tective devices, the manufacturers of the existing circuit
breakers and the new upstream overcurrent protective de-
vices must be consulted.

The safety objective of any overcurrent protection
scheme is to ensure compliance with 110.9.

(B) Tested Combinations The combination of line-side

Series combination:
22,000 ampere 
interrupting rating

Circuit breakers:
10,000 ampere 
interrupting rating

Fault

Full-load current 
greater than 100 A

Motor
contribution M

overcurrent device and load-side circuit breaker(s) is tested
and marked on the end use equipment, such as switchboards Exhibit 240.14 Example of installation where level of motor con-
and panelboards. tribution exceeds 1 percent of interrupting rating for the lowest-

rated circuit breaker in this series rated system.

Section 240.86(B) requires that, when a series rating is used,
the switchboards, panelboards, and load centers be marked VIII. Supervised Industrial Installations
for use with the series rated combinations that may be used.

240.90 GeneralTherefore, the enclosures must have a label affixed by the
equipment manufacturer that provides the series rating of Overcurrent protection in areas of supervised industrial in-
the combination(s). Because there is often not enough room stallations shall comply with all of the other applicable pro-
in the equipment to show all the legitimate series rated visions of this article, except as provided in Part VIII. The
combinations, UL 67, Standard for Panelboards, allows a provisions of Part VIII shall be permitted only to apply to
bulletin to be referenced and supplied with the panelboard. those portions of the electrical system in the supervised
These bulletins typically provide all the acceptable combina- industrial installation used exclusively for manufacturing or
tions. Note that the installer of a series rated system also has process control activities.
to provide the additional labeling on equipment enclosures
required by 110.22, indicating that the equipment has been Part VIII provides alternative approaches to overcurrent pro-
applied in a series-rated system. tection for low-voltage distribution systems (600 volts, nom-

inal, and under) that supply large manufacturing plants or
industrial processes. For further elaboration on the definition(C) Motor Contribution Series ratings shall not be used
of ‘‘supervised industrial installation,’’ see the commentary

where
following 240.2. Section 240.21 contains the requirements

(1) Motors are connected on the load side of the higher- that specify the point in the circuit at which overcurrent
rated overcurrent device and on the line side of the protection for conductors is to be located. The general rule
lower-rated overcurrent device, and of 240.21 is that conductors are to be protected at the point

(2) The sum of the motor full-load currents exceeds 1 per- they receive their supply. However, 240.21(B) and 240.21(C)
cent of the interrupting rating of the lower-rated circuit contain provisions that allow the overcurrent protection for
breaker.
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240.92Article 240 — Overcurrent Protection

(1) The conductors terminate in a single overcurrent devicefeeders and transformer secondary conductors to be located
at other than the point of supply. The rules in Part VIII that will limit the load to the conductor ampacity.

(2) The sum of the overcurrent devices at the conductormodify the 240.21(B) and 240.21(C) requirements based
on the condition that only qualified personnel monitor and termination limits the load to the conductor ampacity.

The overcurrent devices shall consist of not more thanmaintain the installation. Included in the requirements of
240.92(A) through 240.92(D) are provisions for longer con- six circuit breakers or sets of fuses, mounted in a single

enclosure, in a group of separate enclosures, or in orductor lengths, for use of differential relays as the means
for providing short-circuit ground-fault protection, and for on a switchboard. There shall be no more than six over-

current devices grouped in any one location.using up to six circuit breakers or fuses as the overload
protection for outside feeder taps and outside transformer (3) Overcurrent relaying is connected [with a current trans-

former(s), if needed] to sense all of the secondary con-secondary conductors.
ductor current and limit the load to the conductor
ampacity by opening upstream or downstream devices.240.92 Location in Circuit

(4) Conductors shall be considered to be protected if calcu-
An overcurrent device shall be connected in each ungrounded lations, made under engineering supervision, determine
circuit conductor as required in 240.92(A) through (D). that the system overcurrent devices will protect the con-

ductors from overload conditions.(A) Feeder and Branch-Circuit Conductors Feeder and
branch-circuit conductors shall be protected at the point the (3) Physical Protection The secondary conductors are pro-
conductors receive their supply as permitted in 240.21 or tected from physical damage by being enclosed in an ap-
as otherwise permitted in 240.92(B), (C), or (D). proved raceway or by other approved means.

(B) Transformer Secondary Conductors of Separately (C) Outside Feeder Taps Outside conductors shall be per-
Derived Systems Conductors shall be permitted to be con- mitted to be tapped to a feeder or to be connected at a
nected to a transformer secondary of a separately derived sys- transformer secondary, without overcurrent protection at the
tem, without overcurrent protection at the connection, where tap or connection, where all the following conditions are
the conditions of 240.92(B)(1), (B)(2), and (B)(3) are met. met:

(1) Short-Circuit andGround-Fault Protection The con- (1) The conductors are protected from physical damage in
ductors shall be protected from short-circuit and ground- an approved manner.
fault conditions by complying with one of the following (2) The sum of the overcurrent devices at the conductor
conditions: termination limits the load to the conductor ampacity.

The overcurrent devices shall consist of not more than(1) The length of the secondary conductors does not exceed
six circuit breakers or sets of fuses mounted in a single30 m (100 ft) and the transformer primary overcurrent
enclosure, in a group of separate enclosures, or in ordevice has a rating or setting that does not exceed 150
on a switchboard. There shall be no more than six over-percent of the value determined by multiplying the sec-
current devices grouped in any one location.ondary conductor ampacity by the secondary-to-primary

(3) The tap conductors are installed outdoors of a buildingtransformer voltage ratio.
or structure except at the point of load termination.(2) The conductors are protected by a differential relay

(4) The overcurrent device for the conductors is an integralwith a trip setting equal to or less than the conductor
part of a disconnecting means or shall be located imme-ampacity.
diately adjacent thereto.

FPN: A differential relay is connected to be sensitive (5) The disconnecting means for the conductors are in-
only to short-circuit or fault currents within the protected

stalled at a readily accessible location complying withzone and is normally set much lower than the conductor
one of the following:ampacity. The differential relay is connected to trip pro-

tective devices that will de-energize the protected con- a. Outside of a building or structure
ductors if a short-circuit condition occurs. b. Inside, nearest the point of entrance of the conductors

(3) The conductors shall be considered to be protected if c. Where installed in accordance with 230.6, nearest
calculations, made under engineering supervision, de- the point of entrance of the conductors
termine that the system overcurrent devices will protect

(D) Protection by Primary Overcurrent Device Conduc-
the conductors within recognized time vs. current limits

tors supplied by the secondary side of a transformer shall
for all short-circuit and ground-fault conditions.

be permitted to be protected by overcurrent protection pro-
vided on the primary (supply) side of the transformer,(2) Overload Protection The conductors shall be protected

against overload conditions by complying with one of the provided the primary device time–current protection charac-
teristic, multiplied by the maximum effective primary-to-following:
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240.100 Article 250 — Grounding and Bonding

secondary transformer voltage ratio, effectively protects the of an electronically actuated fuse shall not exceed six times
the ampacity of the conductor. For fire pumps, conductorssecondary conductors.
shall be permitted to be protected for overcurrent in accor-

IX. Overcurrent Protection Over 600 dance with 695.4(B).
Volts, Nominal (B) Feeder Taps Conductors tapped to a feeder shall be

permitted to be protected by the feeder overcurrent device240.100 Feeders and Branch Circuits
where that overcurrent device also protects the tap conductor.(A) Location and Type of Protection Feeder and branch-

circuit conductors shall have overcurrent protection in each
ungrounded conductor located at the point where the conduc- ARTICLE 250
tor receives its supply or at an alternative location in the

Grounding and Bondingcircuit when designed under engineering supervision that
includes but is not limited to considering the appropriate
fault studies and time–current coordination analysis of the Summary of Changes
protective devices and the conductor damage curves. The • 250.2: Revised definition of effective ground-fault current
overcurrent protection shall be permitted to be provided by path to include its function of facilitating the operation
either 240.100(A)(1) or (A)(2). of overcurrent devices or ground-fault detectors.

• Table 250.3: Added reference to Article 392 grounding(1) Overcurrent Relays and Current Transformers Cir-
requirements for cable trays.cuit breakers used for overcurrent protection of 3-phase cir-

cuits shall have a minimum of three overcurrent relay • 250.4(A)(5): Revised to include facilitating the operation
elements operated from three current transformers. The sepa- of overcurrent devices or ground-fault detectors as part
rate overcurrent relay elements (or protective functions) shall of the performance requirements for the effective ground-
be permitted to be part of a single electronic protective relay fault current path.
unit. • 250.8: Revised to prohibit use of sheet metal screws as

On 3-phase, 3-wire circuits, an overcurrent relay ele- a means to attach connection devices for grounding con-
ment in the residual circuit of the current transformers shall ductors.
be permitted to replace one of the phase relay elements.

• 250.20(E): Added new requirement to correlate 250.20An overcurrent relay element, operated from a current
with 250.36 and 250.186.transformer that links all phases of a 3-phase, 3-wire circuit,

• 250.21: Revised to require ground detectors on un-shall be permitted to replace the residual relay element and
grounded ac systems unless the voltage to ground is lessone of the phase-conductor current transformers. Where the
than 120 volts.neutral is not regrounded on the load side of the circuit as

• 250.24(B): Added requirement from 250.28 covering pur-permitted in 250.184(B), the current transformer shall be
pose of the main bonding jumper at service equipment.permitted to link all 3-phase conductors and the grounded

circuit conductor (neutral). • 250.28: Added the term system bonding jumper through-
out this section for application with separately derived(2) Fuses A fuse shall be connected in series with each
systems.ungrounded conductor.

• 250.30: Reorganized this requirement to improve usability
(B) Protective Devices The protective device(s) shall be and integrated the new term system bonding jumperwhere
capable of detecting and interrupting all values of current applicable. Revised requirement for sizing the common
that can occur at their location in excess of their trip-setting grounding electrode conductor to require a minimum
or melting point. 3/0 AWG copper or 250 kcmil aluminum conductor.

(C) Conductor Protection The operating time of the pro- • 250.32: Revised the title of the requirement to better con-
tective device, the available short-circuit current, and the vey the type of supply to a building or structure that
conductor used shall be coordinated to prevent damaging or is covered by these rules. Added new provision in the
dangerous temperatures in conductors or conductor insula- exception to 250.32(A) permitting multiwire circuits to
tion under short-circuit conditions. be considered as a single branch circuit.

• 250.50: Revised to require the use of a concrete-encased240.101 Additional Requirements for Feeders
electrode if a building has a footing or a foundation.

(A) Rating or Setting of Overcurrent Protective Devices Exception added to exempt existing buildings or structures
The continuous ampere rating of a fuse shall not exceed where access to concrete-encased electrode requires dam-
three times the ampacity of the conductors. The long-time aging the concrete.
trip element setting of a breaker or the minimum trip setting
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Article 250 — Grounding and Bonding

Added rule to require that at least one of the insulating• 250.52(A)(2): Deleted the phrase effectively grounded and
provided a list of conditions under which the metal frame mounting screw retention washers be removed from recep-

tacles that are not the listed self-grounding type.of a building can be used as a grounding electrode.

• 250.184: Revised section to contain specific rules for• 250.64(B): Revised to delete the word severe from the
single-point grounded neutral systems. Clarified that bothprotection requirement for 4 AWG or larger grounding
single-point or multigrounded neutral systems are permit-electrode conductors that are subject to physical damage.
ted by this requirement. Added specific installation re-• 250.64(C): Revised to permit the use of a copper or alumi-
quirements for each grounding option.num busbar as a connection point for grounding electrode

conductors or bonding jumpers.

• 250.64(D): Revised to clarify requirements for sizing the
grounding electrode conductor and the grounding elec- Contents
trode ‘‘taps’’ used in multiple service disconnecting means

I. General
arrangements.

250.1 Scope
• 250.64(E): Revised to limit the bonding requirement to 250.2 Definitions

ferrous metal enclosures and to indicate that nonferrous 250.3 Application of Other Articles
metal enclosures are not required to be electrically contin- 250.4 General Requirements for Grounding and
uous. Bonding

(A) Grounded Systems• 250.68(A): Added an exception exempting grounding
(B) Ungrounded Systemselectrode connections to structural metal encapsulated

250.6 Objectionable Current over Groundingwith fire-proofing material from having to be accessible.
Conductors• 250.84(B): Revised requirement to apply only to metal

(A) Arrangement to Prevent Objectionable Currentraceways that contain metal sheathed or armored cable.
(B) Alterations to Stop Objectionable Current

• 250.92(B)(4): Revised to require that bonding fitting used (C) Temporary Currents Not Classified as
at services be listed. Objectionable Currents

(D) Limitations to Permissible Alterations• 250.100: Revised to require specific bonding methods for
(E) Isolation of Objectionable Direct-Currentraceways, enclosures, and equipment installed in hazard-

Ground Currentsous (classified) locations regardless of the presence of
250.8 Connection of Grounding and Bondinga supplementary equipment grounding conductor in the

Equipmentraceways or enclosures.
250.10 Protection of Ground Clamps and Fittings• 250.104(D): Relocated requirements for bonding water
250.12 Clean Surfacespiping and structural metal to separately derived systems

II. System Groundingfrom 250.104(A)(4) of 2002 Code.
250.20 Alternating-Current Systems to Be Grounded

• 250.118(5)d and 250.118(6)e: Revised to indicate that (A) Alternating-Current Systems of Less Than 50
only where the flexible metal or liquidtight flexible metal Volts
conduit requires the ability to flex or move after the initial (B) Alternating-Current Systems of 50 Volts to
installation is a ‘‘wire type’’ equipment grounding conduc- 1000 Volts
tor required. (C) Alternating-Current Systems of 1 kV and Over

(D) Separately Derived Systems• 250.118(14): Added surface metal raceways listed for
(E) Impedance Grounded Neutral Systemsgrounding as a permitted type of equipment grounding

250.21 Alternating-Current Systems of 50 Volts toconductor.
1000 Volts Not Required to Be Grounded• 250.122(E): Revised to require sizing equipment ground-

250.22 Circuits Not to Be Groundeding conductor per Table 250.122 for cords and fixture
250.24 Grounding Service-Supplied Alternating-wire with circuit conductors larger than 10 AWG.

Current Systems
• 250.122(G): Added new requirement for sizing wire-type (A) System Grounding Connections

equipment grounding conductors run with feeder tap con- (B) Main Bonding Jumper
ductors. (C) Grounded Conductor Brought to Service

• 250.126: Revised to permit other grounding symbols. Equipment
• 250.146(A): Revised to permit a listed self-grounding (D) Grounding Electrode Conductor

contact yoke or device that complies with 250.146(B). (E) Ungrounded System Grounding Connections
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Article 250 — Grounding and Bonding

250.26 Conductor to Be Grounded — Alternating- 250.64 Grounding Electrode Conductor Installation
Current Systems (A) Aluminum or Copper-Clad Aluminum

250.28 Main Bonding Jumper and System Bonding Conductors
Jumper (B) Securing and Protection from Physical

(A) Material Damage
(B) Construction (C) Continuous
(C) Attachment (D) Grounding Electrode Conductor Taps
(D) Size (E) Enclosures for Grounding Electrode

250.30 Grounding Separately Derived Alternating- Conductors
Current Systems (F) To Electrode(s)

(A) Grounded Systems 250.66 Size of Alternating-Current Grounding
(B) Ungrounded Systems Electrode Conductor

250.32 Buildings or Structures Supplied by Feeder(s) (A) Connections to Rod, Pipe, or Plate Electrodes
or Branch Circuit(s) (B) Connections to Concrete-Encased Electrodes

(A) Grounding Electrode (C) Connections to Ground Rings
(B) Grounded Systems 250.68 Grounding Electrode Conductor and Bonding
(C) Ungrounded Systems Jumper Connection to Grounding Electrodes
(D) Disconnecting Means Located in Separate (A) Accessibility

Building or Structure on the Same Premises (B) Effective Grounding Path
(E) Grounding Electrode Conductor 250.70 Methods of Grounding and Bonding

250.34 Portable and Vehicle-Mounted Generators Conductor Connection to Electrodes
(A) Portable Generators IV. Enclosure, Raceway, and Service Cable Grounding
(B) Vehicle-Mounted Generators 250.80 Service Raceways and Enclosures
(C) Grounded Conductor Bonding 250.84 Underground Service Cable or Raceway

250.36 High-Impedance Grounded Neutral Systems (A) Underground Service Cable
(A) Grounding Impedance Location (B) Underground Service Raceway Containing
(B) Neutral Conductor Cable
(C) System Neutral Connection

250.86 Other Conductor Enclosures and Raceways
(D) Neutral Conductor Routing

V. Bonding
(E) Equipment Bonding Jumper

250.90 General
(F) Grounding Electrode Conductor Location

250.92 Services
(G) Equipment Bonding Jumper Size

(A) Bonding of ServicesIII. Grounding Electrode System and Grounding Electrode
(B) Method of Bonding at the ServiceConductor

250.94 Bonding for Other Systems250.50 Grounding Electrode System
250.96 Bonding Other Enclosures250.52 Grounding Electrodes

(A) General(A) Electrodes Permitted for Grounding
(B) Isolated Grounding Circuits(B) Electrodes Not Permitted for Grounding

250.97 Bonding for Over 250 Volts250.53 Grounding Electrode System Installation
250.98 Bonding Loosely Jointed Metal Raceways(A) Rod, Pipe, and Plate Electodes

250.100 Bonding in Hazardous (Classified) Locations(B) Electrode Spacing
250.102 Equipment Bonding Jumpers(C) Bonding Jumper

(A) Material(D) Metal Underground Water Pipe
(B) Attachment(E) Supplemental Electrode Bonding Connection
(C) Size — Equipment Bonding Jumper on SupplySize

Side of Service(F) Ground Ring
(D) Size — Equipment Bonding Jumper on Load(G) Rod and Pipe Electrodes

Side of Service(H) Plate Electrode
(E) Installation250.54 Supplementary Grounding Electrodes

250.104 Bonding of Piping Systems and Exposed250.56 Resistance of Rod, Pipe, and Plate Electrodes
Structural Steel250.58 Common Grounding Electrode

(A) Metal Water Piping250.60 Use of Air Terminals
(B) Other Metal Piping250.62 Grounding Electrode Conductor Material
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Article 250 — Grounding and Bonding

(C) Structural Metal (B) For Ungrounded Systems
(C) Nongrounding Receptacle Replacement or(D) Separately Derived Systems

250.106 Lightning Protection Systems Branch Circuit Extensions
250.132 Short Sections of RacewayVI. Equipment Grounding and Equipment Grounding

Conductors 250.134 Equipment Fastened in Place or Connected by
Permanent Wiring Methods (Fixed) —250.110 Equipment Fastened in Place or Connected by

Permanent Wiring Methods (Fixed) Grounding
(A) Equipment Grounding Conductor Types250.112 Fastened in Place or Connected by Permanent

Wiring Methods (Fixed) — Specific (B) With Circuit Conductors
250.136 Equipment Considered Effectively Grounded(A) Switchboard Frames and Structures

(B) Pipe Organs (A) Equipment Secured to Grounded Metal
Supports(C) Motor Frames

(D) Enclosures for Motor Controllers (B) Metal Car Frames
250.138 Cord-and-Plug-Connected Equipment(E) Elevators and Cranes

(F) Garages, Theaters, and Motion Picture Studios (A) By Means of an Equipment Grounding
Conductor(G) Electric Signs

(H) Motion Picture Projection Equipment (B) By Means of a Separate Flexible Wire or
Strap(I) Power-Limited Remote-Control, Signaling,

and Fire Alarm Circuits 250.140 Frames of Ranges and Clothes Dryers
250.142 Use of Grounded Circuit Conductor for(J) Luminaires (Lighting Fixtures)

(K) Skid Mounted Equipment Grounding Equipment
(A) Supply-Side Equipment(L) Motor-Operated Water Pumps

(M) Metal Well Casings (B) Load-Side Equipment
250.144 Multiple Circuit Connections250.114 Equipment Connected by Cord and Plug

250.116 Nonelectric Equipment 250.146 Connecting Receptacle Grounding Terminal to
Box250.118 Types of Equipment Grounding Conductors

250.119 Identification of Equipment Grounding (A) Surface Mounted Box
(B) Contact Devices or YokesConductors

(A) Conductors Larger Than 6 AWG (C) Floor Boxes
(D) Isolated Receptacles(B) Multiconductor Cable

(C) Flexible Cord 250.148 Continuity and Attachment of Equipment
Grounding Conductors to Boxes250.120 Equipment Grounding Conductor

Installation (A) Connections
(B) Grounding Continuity(A) Raceway, Cable Trays, Cable Armor,

Cablebus, or Cable Sheaths (C) Metal Boxes
(D) Nonmetallic Boxes(B) Aluminum and Copper-Clad Aluminum

Conductors (E) Solder
VIII. Direct-Current Systems(C) Equipment Grounding Conductors Smaller

Than 6 AWG 250.160 General
250.162 Direct-Current Circuits and Systems to Be250.122 Size of Equipment Grounding Conductors

(A) General Grounded
(A) Two-Wire, Direct-Current Systems(B) Increased in Size

(C) Multiple Circuits (B) Three-Wire, Direct-Current Systems
250.164 Point of Connection for Direct-Current(D) Motor Circuits

(E) Flexible Cord and Fixture Wire Systems
(A) Off-Premises Source(F) Conductors in Parallel

(G) Feeder Taps (B) On-Premises Source
250.166 Size of Direct-Current Grounding Electrode250.124 Equipment Grounding Conductor Continuity

(A) Separable Connections Conductor
(A) Not Smaller Than the Neutral Conductor(B) Switches

250.126 Identification of Wiring Device Terminals (B) Not Smaller Than the Largest Conductor
(C) Connected to Rod, Pipe, or Plate ElectrodesVII. Methods of Equipment Grounding

250.130 Equipment Grounding Conductor Connections (D) Connected to a Concrete-Encased Electrode
(E) Connected to a Ground Ring(A) For Grounded Systems
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250.1 Article 250 — Grounding and Bonding

posals and comments. To better organize the existing require-
250.168 Direct-Current Bonding Jumper ments, similar rules that previously appeared in different
250.169 Ungrounded Direct-Current Separately parts of Article 250 were relocated and grouped in the same

Derived Systems part of the article. In addition, many of the exceptions were
IX. Instruments, Meters, and Relays converted into positive code language. The overall new ap-

250.170 Instrument Transformer Circuits proach to the layout provides a more user-friendly Article
250.172 Instrument Transformer Cases 250. As an aid to the users of the Code, the commentary
250.174 Cases of Instruments, Meters, and Relays for Annex F provides two cross-reference lists. Exhibit F.1

Operating at Less Than 1000 Volts references the 1996, 1999, 2002, and 2005 sections to the
(A) Not on Switchboards 1996 Article 250 topics, and Exhibit F.2 references the 2002,
(B) On Dead-Front Switchboards 1999, and 1996 sections to the 2005 Article 250 topics. For
(C) On Live-Front Switchboards the 2005 Code, the title of Article 250 has been changed to

250.176 Cases of Instruments, Meters, and Relays — Grounding and Bonding to reinforce that grounding and
Operating Voltage 1 kV and Over bonding are two separate concepts but are not mutually

250.178 Instrument Grounding Conductor exclusive and in fact are directly interrelated through the
X. Grounding of Systems and Circuits of 1 kV and Over requirements of Article 250.

(High Voltage)
250.180 General
250.182 Derived Neutral Systems (1) Systems, circuits, and equipment required, permitted,
250.184 Solidly Grounded Neutral Systems or not permitted to be grounded

(A) Neutral Conductor (2) Circuit conductor to be grounded on grounded systems
(B) Single Point Grounded System (3) Location of grounding connections
(C) Multigrounded Neutral Systems (4) Types and sizes of grounding and bonding conductors

250.186 Impedance Grounded Neutral Systems and electrodes
(A) Location (5) Methods of grounding and bonding
(B) Identified and Insulated (6) Conditions under which guards, isolation, or insulation
(C) System Neutral Connection may be substituted for grounding
(D) Equipment Grounding Conductors

250.188 Grounding of Systems Supplying Portable or 250.2 Definitions
Mobile Equipment

Effective Ground-Fault Current Path. An intentionally(A) Portable or Mobile Equipment
constructed, permanent, low-impedance electrically conduc-(B) Exposed Non-Current-Carrying Metal Parts
tive path designed and intended to carry current under(C) Ground-Fault Current
ground-fault conditions from the point of a ground fault on(D) Ground-Fault Detection and Relaying
a wiring system to the electrical supply source and that(E) Isolation
facilitates the operation of the overcurrent protective device(F) Trailing Cable and Couplers
or ground fault detectors on high-impedance grounded sys-250.190 Grounding of Equipment
tems.

Ground Fault. An unintentional, electrically conductingI. General
connection between an ungrounded conductor of an electri-

250.1 Scope cal circuit and the normally non–current-carrying conduc-
tors, metallic enclosures, metallic raceways, metallicThis article covers general requirements for grounding and

bonding of electrical installations, and specific requirements equipment, or earth.
in (1) through (6).

Ground-Fault Current Path. An electrically conductive
path from the point of a ground fault on a wiring system

The complete revision of Article 250 is one of the most through normally non–current-carrying conductors, equip-
significant changes to occur in the recent history of the ment, or the earth to the electrical supply source.
Code. Undertaken during the 1999 Code revision cycle,

FPN: Examples of ground-fault current paths could con-the task of reorganizing the large amount of subject matter
sist of any combination of equipment grounding conduc-contained in this article for the purpose of creating a more tors, metallic raceways, metallic cable sheaths, electrical

logical approach to the subject of grounding and bonding equipment, and any other electrically conductive material
was a collective effort of the NEC Usability Task Group, such as metal water and gas piping, steel framing mem-

bers, stucco mesh, metal ducting, reinforcing steel,Code-Making Panel 5, and NEC users who submitted pro-
shields of communications cables, and the earth itself.
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250.4Article 250 — Grounding and Bonding

(2) Grounding of Electrical Equipment Non–current-Section 250.2 was new for the 2002 Code. Following a
carrying conductive materials enclosing electrical conduc-common numbering sequence throughout the NEC, defini-
tors or equipment, or forming part of such equipment, shalltions that are specific to an article and not generally used
be connected to earth so as to limit the voltage to groundelsewhere now appear in X.2 of their respective articles.
on these materials.For examples of article-related definitions, see 240.2, 280.2,

285.2, 517.2, and 680.2. (3) Bonding of Electrical Equipment Non–current-
One of the keys to proper application of the Article 250 carrying conductive materials enclosing electrical conduc-

requirements is understanding the definitions of terms used tors or equipment, or forming part of such equipment, shall
throughout the Code that relate to bonding and grounding. be connected together and to the electrical supply source in
Some of the most basic and widely used terms are bonding, a manner that establishes an effective ground-fault current
grounded, grounded conductor, equipment grounding con- path.
ductor, and grounding electrode conductor. These terms are

(4) Bonding of Electrically Conductive Materials anddefined in Article 100.
Other Equipment Electrically conductive materials that
are likely to become energized shall be connected together

250.3 Application of Other Articles and to the electrical supply source in a manner that estab-
In other articles applying to particular cases of installation lishes an effective ground-fault current path.
of conductors and equipment, requirements are identified in

(5) Effective Ground-Fault Current Path ElectricalTable 250.3 that are in addition to, or modifications of, those
equipment and wiring and other electrically conductive ma-of this article.
terial likely to become energized shall be installed in a
manner that creates a permanent, low-impedance circuit fa-250.4 General Requirements for Grounding
cilitating the operation of the overcurrent device or groundand Bonding
detector for high-impedance grounded systems. It shall beThe following general requirements identify what grounding
capable of safely carrying the maximum ground-fault currentand bonding of electrical systems are required to accomplish.
likely to be imposed on it from any point on the wiringThe prescriptive methods contained in Article 250 shall be
system where a ground fault may occur to the electricalfollowed to comply with the performance requirements of
supply source. The earth shall not be considered as an effec-this section.
tive ground-fault current path.

Section 250.4 provides the performance requirements for
This section was revised for the 2005 Code to recognizegrounding and bonding of electrical systems and equipment.
that the performance objective for the effective ground-faultPerformance-based requirements provide an overall objec-
current path is not always to facilitate operation of an over-tive without stating the specifics for accomplishing that ob-
current protective device. In the case of a high-impedancejective. The first paragraph of 250.4 indicates that the
grounded system installed in accordance with 250.36, theperformance objectives stated in 250.4(A) for grounded sys-
performance objective is to ensure operation of the requiredtems and in 250.4(B) for ungrounded systems are accom-
ground detector to provide annunciation of a ground-faultplished by complying with the prescriptive requirements
condition.found in the rest of Article 250.

The requirements of 250.4 do not provide a specific
rule for the sizing or connection of grounding conductors; (B) Ungrounded Systems
rather, it states overall performance considerations for

(1) Grounding Electrical Equipment Non–current-grounding conductors and applies to both grounded and
carrying conductive materials enclosing electrical conduc-ungrounded systems. Sections 250.4(A)(5) for grounded sys-
tors or equipment, or forming part of such equipment, shalltems and 250.4(B)(4) for ungrounded systems contain fault
be connected to earth in a manner that will limit the voltagecurrent path objectives that were stated in 250.51 of the
imposed by lightning or unintentional contact with higher-1996 and earlier editions of the Code.
voltage lines and limit the voltage to ground on these
materials.

(A) Grounded Systems
(1) Electrical System Grounding Electrical systems that (2) Bonding of Electrical Equipment Non–current-

carrying conductive materials enclosing electrical conduc-are grounded shall be connected to earth in a manner that
will limit the voltage imposed by lightning, line surges, or tors or equipment, or forming part of such equipment, shall

be connected together and to the supply system groundedunintentional contact with higher-voltage lines and that will
stabilize the voltage to earth during normal operation. equipment in a manner that creates a permanent, low-imped-
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250.4 Article 250 — Grounding and Bonding

Table 250.3 Additional Grounding Requirements

Conductor/Equipment Article Section

Agricultural buildings 547.9 and 547.10
Audio signal processing, amplification, and reproduction equipment 640.7
Branch circuits 210.5, 210.6, 406.3
Cablebus 370.9
Cable trays 392 392.3(C), 392.7
Capacitors 460.10, 460.27
Circuits and equipment operating at less than 50 volts 720
Closed-loop and programmed power distribution 780.3
Communications circuits 800
Community antenna television and radio distribution systems 820.93, 820.100, 820.103
Conductors for general wiring 310
Cranes and hoists 610
Electrically driven or controlled irrigation machines 675.11(C), 675.12, 675.13, 675.14, 675.15
Electric signs and outline lighting 600
Electrolytic cells 668
Elevators, dumbwaiters, escalators, moving walks, wheelchair lifts, and stairway

chair lifts 620
Fire alarm systems 760.9
Fixed electric heating equipment for pipelines and vessels 427.29, 427.48
Fixed outdoor electric deicing and snow-melting equipment 426.27
Flexible cords and cables 400.22, 400.23
Floating buildings 553.8, 553.10, 553.11
Grounding-type receptacles, adapters, cord connectors, and attachment plugs 406.9
Hazardous (classified) locations 500–517
Health care facilities 517
Induction and dielectric heating equipment 665
Industrial machinery 670
Information technology equipment 645.15
Intrinsically safe systems 504.50
Luminaires (lighting fixtures) and lighting equipment 410.17, 410.18, 410.20, 410.21, 410.105(B)
Luminaires (fixtures), lampholders, and lamps 410
Marinas and boatyards 555.15
Mobile homes and mobile home park 550
Motion picture and television studios and similar locations 530.20, 530.64(B)
Motors, motor circuits, and controllers 430
Outlet, device, pull, and junction boxes; conduit bodies; and fittings 314.4, 314.25
Over 600 volts, nominal, underground wiring methods 300.50(B)
Panelboards 408.40
Pipe organs 650
Radio and television equipment 810
Receptacles and cord connectors 406.3
Recreational vehicles and recreational vehicle parks 551
Services 230
Solar photovoltaic systems 690.41, 690.42, 690.43, 690.45, 690.47
Swimming pools, fountains, and similar installations 680
Switchboards and panelboards 408.3(D)
Switches 404.12
Theaters, audience areas of motion picture and television studios, and similar

locations 520.81
Transformers and transformer vaults 450.10
Use and identification of grounded conductors 200
X-ray equipment 660 517.78
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250.4Article 250 — Grounding and Bonding

ance path for ground-fault current that is capable of carrying Grounding can be divided into two areas: system grounding
the maximum fault current likely to be imposed on it. and equipment grounding. These two areas are kept separate

except at the point where they receive their source of power,(3) Bonding of Electrically Conductive Materials and
such as at the service equipment or at a separately derivedOther Equipment Electrically conductive materials that
system.are likely to become energized shall be connected together

Grounding is the intentional connection of a current-and to the supply system grounded equipment in a manner
carrying conductor to ground or something that serves inthat creates a permanent, low-impedance path for ground-
place of ground. In most instances, this connection is madefault current that is capable of carrying the maximum fault
at the supply source, such as a transformer, and at the maincurrent likely to be imposed on it.
service disconnecting means of the premises using the en-

(4) Path for Fault Current Electrical equipment, wiring, ergy.
and other electrically conductive material likely to become There are three basic reasons for grounding:
energized shall be installed in a manner that creates a perma-

1. To limit the voltages caused by lightning or by acciden-nent, low-impedance circuit from any point on the wiring
tal contact of the supply conductors with conductors ofsystem to the electrical supply source to facilitate the opera-
higher voltagetion of overcurrent devices should a second fault occur on

2. To stabilize the voltage under normal operating condi-the wiring system. The earth shall not be considered as an
tions (which maintains the voltage at one level relativeeffective fault-current path.
to ground, so that any equipment connected to the sys-

FPN No. 1: A second fault that occurs through the equip- tem will be subject only to that potential difference)
ment enclosures and bonding is considered a ground 3. To facilitate the operation of overcurrent devices, such
fault.

as fuses, circuit breakers, or relays, under ground-fault
FPN No. 2: See Figure 250.4 for information on the

conditionsorganization of Article 250.

Exhibit 250.1 shows a typical grounding system for a single-
phase, 3-wire service supplied from a utility transformer.
Inside the service disconnecting means, the grounded con-
ductor of the system is intentionally connected to a ground-
ing electrode via the grounding electrode conductor. Bonding
the equipment grounding bus to the grounded or neutral bus
via the main bonding jumper within the service discon-
necting means provides a ground reference for exposed,
non–current-carrying parts of the electrical system and a
circuit through the grounded service conductor back to the
utility transformer (source of supply) for ground-fault cur-

Equipment 
grounding 
bus bonded 
to enclosure

Main bonding jumper

N G

Grounded service conductor

Utility transformer

Grounded or neutral bus

Grounding electrode conductor

Grounding electrode

Part I General

Part X Grounding of 
systems and circuits of  

1 kV and over (high voltage)

Part II System 
grounding

Part VIII Direct-current 
systems

Part III Grounding electrode 
system and grounding 
electrode conductor

Part IV Enclosure, 
raceway, and service 

cable grounding

Part VI Equipment 
grounding and equipment 

grounding conductors

Part VII Methods of 
equipment grounding

Part IX Instruments, 
meters, and relays

Part V Bonding

Exhibit 250.1 A typical grounding system for a single-phase, 3-
wire service.

Figure 250.4 Grounding
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250.6 Article 250 — Grounding and Bonding

ditions, such as ground-fault currents, that occur only whilerent. At the utility transformer, oftentimes, an additional
the grounding conductors are performing their intended pro-connection from the grounded conductor to a separate
tective functions shall not be classified as objectionable cur-grounding electrode is made.
rent for the purposes specified in 250.6(A) and (B).

250.6 Objectionable Current over (D) Limitations to Permissible Alterations The provis-
Grounding Conductors ions of this section shall not be considered as permitting
(A) Arrangement to Prevent Objectionable Current electronic equipment from being operated on ac systems or
The grounding of electrical systems, circuit conductors, branch circuits that are not grounded as required by this
surge arresters, and conductive non–current-carrying materi- article. Currents that introduce noise or data errors in elec-
als and equipment shall be installed and arranged in a manner tronic equipment shall not be considered the objectionable
that will prevent objectionable current over the grounding currents addressed in this section.
conductors or grounding paths.

Section 250.6(D) indicates that currents that result in noise(B) Alterations to Stop Objectionable Current If the use
or data errors in electronic equipment are not considered toof multiple grounding connections results in objectionable
be the objectionable currents referred to in 250.6, whichcurrent, one or more of the following alterations shall be
limits the alterations permitted by 250.6(C). See 250.96(B)permitted to be made, provided that the requirements of
and 250.146(D) for requirements that provide safe bonding250.4(A)(5) or (B)(4) are met:
and grounding methods to minimize noise and data errors.(1) Discontinue one or more but not all of such grounding

connections.
(2) Change the locations of the grounding connections.

(E) Isolation of Objectionable Direct-Current Ground(3) Interrupt the continuity of the conductor or conductive
Currents Where isolation of objectionable dc ground cur-path interconnecting the grounding connections.
rents from cathodic protection systems is required, a listed(4) Take other suitable remedial and approved action.
ac coupling/dc isolating device shall be permitted in the
equipment grounding path to provide an effective return pathAn increase in the use of electronic controls and computer
for ac ground-fault current while blocking dc current.equipment, which are sensitive to stray currents, has caused

installation designers to look for ways to isolate electronic
The dc ground current on grounding conductors as a resultequipment from the effects of such stray circulating currents.
of a cathodic protection system may be considered objection-Circulating currents on equipment grounding conductors,
able. Because of the required grounding and bonding connec-metal raceways, and building steel develop potential differ-
tions associated with metal piping systems, it is inevitableences between ground and the neutral of electronic equip-
that where cathodic protection for the piping system is pro-ment.
vided, dc current will be present on grounding and bondingA solution often recommended by inexperienced indi-
conductors.viduals is to isolate the electronic equipment from all other

Section 250.6(E) allows the use of a listed ac coupling/power equipment by disconnecting it from the power equip-
dc isolating device. This device prevents the dc current onment ground. In this ill-conceived corrective action, the
grounding and bonding conductors and allows the ground-equipment grounding means is removed or nonmetallic spac-
fault return path to function properly. To be listed for thisers are installed in the metallic raceway system. The elec-
function, these devices are evaluated by the product testingtronic equipment is then grounded to an earth ground isolated
organizations for proper performance under ground-faultfrom the common power system ground. Isolating equipment
conditions.in this manner creates a potential difference that is a shock

hazard. The error is compounded because such isolation
does not establish a low-impedance ground-fault return path

250.8 Connection of Groundingto the power source, which is necessary to actuate the over-
current protection device. Section 250.6(B) is not intended and Bonding Equipment
to allow disconnection of all power grounding connections to Grounding conductors and bonding jumpers shall be con-
the electronic equipment. See also the commentary following nected by exothermic welding, listed pressure connectors,
250.6(D). listed clamps, or other listed means. Connection devices or

fittings that depend solely on solder shall not be used. Sheet
metal screws shall not be used to connect grounding conduc-(C) Temporary Currents Not Classified as Objectionable

Currents Temporary currents resulting from accidental con- tors or connection devices to enclosures.
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250.20Article 250 — Grounding and Bonding

250.10 Protection of Ground ClampsSection 250.8 prohibits the use of sheet metal screws as a
and Fittingsmeans for directly attaching equipment grounding conduc-

tors to equipment or as a means for attaching connection Ground clamps or other fittings shall be approved for general
devices for equipment grounding conductors to equipment. use without protection or shall be protected from physical
Connection means that are listed, that are part of listed damage as indicated in (1) or (2) as follows:
equipment, or that are exothermically welded are required to

(1) In installations where they are not likely to be damagedensure a permanent and low-resistance connection. Exhibit
(2) Where enclosed in metal, wood, or equivalent protective250.2 and Exhibit 250.3 illustrate two methods of attaching

coveringan equipment bonding jumper to a grounded metal box.

250.12 Clean Surfaces
Nonconductive coatings (such as paint, lacquer, and enamel)
on equipment to be grounded shall be removed from threads
and other contact surfaces to ensure good electrical continu-
ity or be connected by means of fittings designed so as to
make such removal unnecessary.

II. System Grounding
250.20 Alternating-Current Systems
to Be Grounded
Alternating-current systems shall be grounded as provided
for in 250.20(A), (B), (C), or (D). Other systems shall be
permitted to be grounded. If such systems are grounded,
they shall comply with the applicable provisions of this
article.

FPN: An example of a system permitted to be grounded

Grounding screw
(not required to
be listed)

Grounded 
metal box

Equipment
bonding
jumper

is a corner-grounded delta transformer connection. See
250.26(4) for conductor to be grounded.

Exhibit 250.2 Use of a grounding screw to attach equipment
bonding jumper to a metal box. (A) Alternating-Current Systems of Less Than 50 Volts

Alternating-current systems of less than 50 volts shall be
grounded under any of the following conditions:

(1) Where supplied by transformers, if the transformer sup-
ply system exceeds 150 volts to ground

(2) Where supplied by transformers, if the transformer sup-
ply system is ungrounded

(3) Where installed as overhead conductors outside of
buildings

(B) Alternating-Current Systems of 50 Volts to 1000 Volts
Alternating-current systems of 50 volts to 1000 volts that
supply premises wiring and premises wiring systems shall
be grounded under any of the following conditions:

(1) Where the system can be grounded so that the maximum
voltage to ground on the ungrounded conductors does
not exceed 150 volts

Listed grounding clip

Grounded
metal box

Equipment bonding jumper

Exhibit 250.4 illustrates the grounding requirements of
250.20(B)(1) as applied to a 120-volt, single-phase, 2-wireExhibit 250.3 Use of a listed grounding clip to attach a grounding

conductor to a metal box. system and to a 120/240-volt, single-phase, 3-wire system.
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250.20 Article 250 — Grounding and Bonding

120 V

240 V

120 V

120 V

Ground here
or here

120/240-V, single-phase, 3-wire system

120-V, single-phase, 2-wire system

Exhibit 250.4 Typical systems required to be grounded in accor-

120 V

120 V

208 V

120 V

208 V

208 V

208 V

120 V

240 V

240 V

240 V

120 V

Service

120/240-V, 3-phase, 4-wire delta system

Service

208Y/120-V, 3-phase, 4-wire wye system

Utility

Utility

N

N

dance with 250.20(B)(1). The conductor to be grounded is in
accordance with 250.26.

Exhibit 250.5 Typical systems required to be grounded by
250.20(B)(2) and 250.20(B)(3). The conductor to be grounded
is in accordance with 250.26.The selection of which conductor is to be grounded is cov-

ered by 250.26.

Two of the most common sources of separately derived
systems in premises wiring are transformers and generators.(2) Where the system is 3-phase, 4-wire, wye connected in
An autotransformer or step-down transformer that is part ofwhich the neutral is used as a circuit conductor
electrical equipment and that does not supply premises wir-(3) Where the system is 3-phase, 4-wire, delta connected
ing is not the source of a separately derived system. See thein which the midpoint of one phase winding is used as
definition of premises wiring in Article 100.a circuit conductor

FPN No. 1: An alternate ac power source such as an on-Exhibit 250.5 illustrates which conductor is required to be
site generator is not a separately derived system if thegrounded for all wye systems if the neutral is used as a
neutral is solidly interconnected to a service-suppliedcircuit conductor. Where the midpoint of one phase of a 3- system neutral.

phase, 4-wire delta system is used as a circuit conductor,
it must be grounded and the high-leg conductor must be

Exhibit 250.6 and Exhibit 250.7 depict a 208Y/120-volt, 3-identified. See 250.20(B)(2) and 250.20(B)(3), as well as
phase, 4-wire electrical service supplying a service discon-250.26.
necting means to a building. The system is fed through a
transfer switch connected to a generator intended to provide
power for an emergency or standby system.(C) Alternating-Current Systems of 1 kV and Over Al-

In Exhibit 250.6, the neutral conductor from the genera-ternating-current systems supplying mobile or portable
tor to the load is not disconnected by the transfer switch.equipment shall be grounded as specified in 250.188. Where
There is a direct electrical connection between the normalsupplying other than mobile or portable equipment, such
grounded system conductor (neutral) and the generator neu-systems shall be permitted to be grounded.
tral through the neutral bus in the transfer switch, thereby

(D) Separately Derived Systems Separately derived sys- grounding the generator neutral. Because the generator is
tems, as covered in 250.20(A) or (B), shall be grounded as grounded by connection to the normal system ground, it is
specified in 250.30.
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250.21Article 250 — Grounding and Bonding

connected to the switching contacts of a 4-pole transfer
switch. Therefore, the generator system does not have a
direct electrical connection to the other supply system
grounded conductor (neutral), and the system supplied by the
generator is considered separately derived. This separately
derived system (3-phase, 4-wire, wye-connected system that
supplies line-to-neutral loads) is required to be grounded in
accordance with 250.20(B) and 250.20(D). The methods for
grounding the system are specified in 250.30(A).

Section 250.30(A)(1) requires separately derived sys-
tems to have a system bonding jumper connected between
the generator frame and the grounded circuit conductor (neu-
tral). The grounding electrode conductor from the generator
is required to be connected to a grounding electrode. This
conductor should be located as close to the generator as
practicable, according to 250.30(A)(4). If the generator is

Equipment grounding 
conductor

3-pole transfer 
switch

Load

Service equipment
Not a separately 
derived system

N

N

N

N

G

208Y/120-V, 3-phase, 4-wire system

Equipment
grounding
conductor

in a building, the preferred grounding electrode is required
to be one of the following, depending on which grounding

Exhibit 250.6 A 208Y/120-volt, 3-phase, 4-wire system that has electrode is closest to the generator location: (1) effectively
a direct electrical connection of the grounded circuit conductor

grounded structural metal member or (2) the first 5 ft of(neutral) to the generator and is therefore not considered a sepa-
water pipe into a building where the piping is effectivelyrately derived system.
grounded. (The exception to 250.52(A)(1) permits the
grounding connection to the water piping beyond the first
5 ft.) For buildings or structures in which the preferred
electrodes are not available, the choice can be made from
any of the grounding electrodes specified in 250.52(A)(3)
through 250.52(A)(7).

FPN No. 2: For systems that are not separately derived
and are not required to be grounded as specified in 250.30,
see 445.13 for minimum size of conductors that must
carry fault current.

(E) Impedance Grounded Neutral Systems Impedance
grounded neutral systems shall be grounded in accordance
with 250.36 or 250.186.

250.21 Alternating-Current Systems of 50 Volts
to 1000 Volts Not Required to Be Grounded

Grounding 
electrode 
conductor

Grounding 
electrode 
nearby

4-pole transfer 
switch

Load

Separately derived system

N

N

N

N

G

208Y/120-V, 3-phase, 4-wire system

Equipment
grounding
conductor

System 
bonding 
jumper

Equipment grounding 
conductor

Service equipment

The following ac systems of 50 volts to 1000 volts shall be
permitted to be grounded but shall not be required to be

Exhibit 250.7 A 208Y/120-volt, 3-phase, 4-wire system that grounded:
does not have a direct electrical connection of the grounded
circuit conductor (neutral) to the generator and is therefore con- (1) Electric systems used exclusively to supply industrial
sidered a separately derived system. electric furnaces for melting, refining, tempering, and

the like
(2) Separately derived systems used exclusively for rectifi-

not a separately derived system, and there are no require- ers that supply only adjustable-speed industrial drives
ments for grounding the neutral at the generator. Under these (3) Separately derived systems supplied by transformers
conditions, it is necessary to run an equipment grounding that have a primary voltage rating less than 1000 volts,
conductor from the service equipment to the 3-pole transfer provided that all the following conditions are met:
switch and from the 3-pole transfer switch to the generator.

a. The system is used exclusively for control circuits.This can be in the form of any of the items listed in 250.118.
b. Theconditions ofmaintenanceand supervisionensureIn Exhibit 250.7, the grounded conductor (neutral) is

that only qualified persons service the installation.
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250.22 Article 250 — Grounding and Bonding

tem. With notification of the ground-fault condition, ratherc. Continuity of control power is required.
d. Ground detectors are installed on the control system. than automatic interruption of the circuit, the operators of

the process supplied by the ungrounded system can then take(4) Other systems that are not required to be grounded in
the necessary steps to effect an orderly shutdown, determineaccordance with the requirements of 250.20(B).
where the ground fault is located in the system, and safely

Where an alternating-current system is not grounded as per- perform the necessary repair.
mitted in 250.21(1) through (4), ground detectors shall be It should be noted that ungrounded systems are simply
installed on the system. systems without an intentionally grounded circuit conductor
Exception: Systems of less than 120 volts to ground as per- that is part of normal circuit operation, as is the case in 120/
mitted by this Code shall not be required to have ground 240-volt, single-phase, 3-wire; 208Y/120-volt, 3-phase, 4-
detectors. wire; and 480Y/277-volt, 3-phase, 4-wire systems in which

there is a grounded conductor that is used as a circuit conduc-
tor. The fact that a system operates without a groundedNew for the 2005 Code, ungrounded electrical systems as
conductor does not exempt that system from complyingpermitted in 250.21 are required to be provided with ground
with all of the applicable requirements in Article 250 fordetectors. In the 2002 and previous editions, the installation
establishing a grounding electrode system and for equipmentof ground detectors was required only for some very specific
grounding. These protective features are required forapplications of ungrounded systems (and in impedance
grounded and ungrounded electrical distribution systems.grounded neutral systems), but there was only a recommen-

dation that they be installed on all ungrounded electrical
systems. The exception to this requirement permits the oper- 250.22 Circuits Not to Be Grounded
ation of specific-purpose ungrounded systems without

The following circuits shall not be grounded:ground detectors where the voltage to ground is less than
120 volts. For further information on what is considered to (1) Circuits for electric cranes operating over combustible
be the voltage to ground in an ungrounded system, see the fibers in Class III locations, as provided in 503.155
definition of voltage to ground in Article 100. (2) Circuits in health care facilities as provided in 517.61

Ungrounded electrical systems are permitted by the and 517.160
NEC for the specific functions described in 250.21(1), (2), (3) Circuits for equipment within electrolytic cell working
and (3) and for general power distribution systems in accor- zone as provided in Article 668
dance with 250.21(4). Delta-connected, 3-phase, 3-wire, (4) Secondary circuits of lighting systems as provided in
240-volt and 480-volt systems are examples of common 411.5(A)
electrical distribution systems that are permitted but are not

250.24 Grounding Service-Suppliedrequired to have a circuit conductor that is intentionally
grounded. The operational advantage in using an ungrounded Alternating-Current Systems
electrical system is continuity of operation, which in some (A) System Grounding Connections A premises wiring
processes might create a safer condition than would be system supplied by a grounded ac service shall have a
achieved by the automatic and unplanned opening of the grounding electrode conductor connected to the grounded
supply circuit. service conductor, at each service, in accordance with

Unlike solidly grounded systems, in which the first line- 250.24(A)(1) through (A)(5).
to-ground fault causes the overcurrent protective device to

(1) General The connection shall be made at any accessibleautomatically open the circuit, the same line-to-ground fault
point from the load end of the service drop or service lateralin an ungrounded system does not result in the operation of
to and including the terminal or bus to which the groundedthe overcurrent device — it simply results in the faulted
service conductor is connected at the service disconnectingcircuit conductor becoming a grounded conductor until a
means.repair of the damaged conductor insulation can be per-

formed. However, this latent ground-fault condition will
remain undetected unless ground detectors are installed in The grounded conductor of an ac service is connected to a
the ungrounded system or until another insulation failure on grounding electrode system to limit the voltage to ground
a different ungrounded conductor results in a line-to-line- imposed on the system by lightning, line surges, and (unin-
to-ground fault, with the potential for more extensive damage tentional) high-voltage crossovers. Another reason for re-
to electrical equipment. quiring this connection is to stabilize the voltage to ground

during normal operation, including short circuits. These per-Ground detectors are used to provide a visual indication,
an audible signal, or both, to alert system operators and formance requirements are stated in 250.4(A) and 250.4(B).

The actual connection of the grounded service conductormaintainers of a ground-fault condition in the electrical sys-
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250.24Article 250 — Grounding and Bonding

to the grounded electrode conductor is permitted to be made
at various locations, according to 250.24(A)(1). Allowing
various locations for the connection to be made continues
to meet the overall objectives for grounding while allowing
the installer a variety of practical solutions. Exhibit 250.8
illustrates three possible connection point solutions to where
the grounded conductor of the service could be connected
to the grounding electrode conductor.

One additional connection to a grounding electrode
where transformer is located outside the building

Grounding
electrode
connection
at service

Exhibit 250.9 A 3-wire, 120/240-volt ac, single-phase, second-
ary distribution system in which grounding connections are re-
quired on the secondary side of the transformer according to
250.24(A)(2) and the supply side of the service disconnecting
means according to 250.24(A)(1).

grounding electrode connection to the tie point of the
grounded conductor(s) from each power source shall be
permitted.

At load end of 
service drop

In accessible 
meter enclosure In service 

disconnecting
means

(4) Main Bonding Jumper as Wire or Busbar Where the
main bonding jumper specified in 250.28 is a wire or busbar

Exhibit 250.8 An ac service supplied from an overhead distribu- and is installed from the grounded conductor terminal bar
tion system illustrating three accessible connection points where

or bus to the equipment grounding terminal bar or bus inthe grounded service conductor is connected to the grounding
the service equipment, the grounding electrode conductorelectrode conductor according to 250.24(A)(1).
shall be permitted to be connected to the equipment ground-
ing terminal, bar, or bus to which the main bonding jumper

FPN: See definitions of Service Drop and Service Lat- is connected.
eral in Article 100.

(5) Load-Side Grounding Connections A grounding con-(2) Outdoor Transformer Where the transformer supply-
nection shall not be made to any grounded conductor on

ing the service is located outside the building, at least one
the load side of the service disconnecting means except as

additional grounding connection shall be made from the
otherwise permitted in this article.

grounded service conductor to a grounding electrode, either
FPN: See 250.30(A) for separately derived systems,at the transformer or elsewhere outside the building.
250.32 for connections at separate buildings or structures,
and 250.142 for use of the grounded circuit conductor

See Exhibit 250.9 for an illustration of an outdoor distribu- for grounding equipment.
tion system transformer connected to an additional ground-
ing electrode.

The power for ac premises wiring systems is either separately
derived, in accordance with 250.20(D), or supplied by the
service. See the definition of service in Article 100. SectionException: The additional grounding connection shall not
250.30 covers grounding requirements for separately derivedbe made on high-impedance grounded neutral systems. The
ac systems. Section 250.24(A) covers system grounding re-system shall meet the requirements of 250.36.
quirements for service-supplied ac systems.

(3) Dual Fed Services For services that are dual fed (dou- According to 250.24, a premises wiring system supplied
ble ended) in a common enclosure or grouped together in by an ac service that is required to be grounded must have
separate enclosures and employing a secondary tie, a single

National Electrical Code Handbook 2005 193

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



250.24 Article 250 — Grounding and Bonding

(C) Grounded Conductor Brought to Service Equip-a grounding electrode conductor at each service connected
to the grounding electrodes that meets the requirements in ment Where an ac system operating at less than 1000 volts

is grounded at any point, the grounded conductor(s) shallPart III of Article 250. Note that the grounding electrode
requirements for a separately derived system are specified be run to each service disconnecting means and shall be

bonded to each disconnecting means enclosure. Thein 250.30(A)(3) and 250.30(A)(4).
The grounding electrode conductor connection to the grounded conductor(s) shall be installed in accordance with

250.24(C)(1) through (C)(3).grounded conductor is specific. The Code requires that the
connection be made to the grounded service conductor and

Exception: Where more than one service disconnecting
describes where this connection is permitted. Where the

means are located in an assembly listed for use as service
transformer supplying a service is located outside of a build-

equipment, it shall be permitted to run the grounded conduc-
ing or structure, a grounding connection must be made at

tor(s) to the assembly, and the conductor(s) shall be bonded
the transformer secondary or at another outdoor location

to the assembly enclosure.
under the conditions specified in 250.24(A)(2). In addition,
the conductor that is grounded at the transformer is required

If the utility service that supplies premises wiring isto be grounded again at the building or structure, according
grounded, the grounded conductor, whether or not it is usedto 250.24(A)(1).
to supply a load, must be run to the service equipment, beSection 250.24(A)(5) prohibits regrounding of the
bonded to the equipment, and be connected to a groundinggrounded conductor on the load side of the service discon-
electrode system. Exhibit 250.10 shows an example of thenecting means. This requirement is also in concert with
main rule in 250.24(C), which requires the grounded service250.142(B).
conductor to be brought in and bonded to each service dis-
connecting means enclosure. This requirement is based on

(B) Main Bonding Jumper For a grounded system, an the grounded conductor being used to complete the ground-
unspliced main bonding jumper shall be used to connect the fault current path between the service equipment and the
equipment grounding conductor(s) and the service- utility source. The grounded service conductor’s other func-
disconnect enclosure to the grounded conductor within the
enclosure for each service disconnect in accordance with
250.28.

Where the service equipment of a grounded system consists
of multiple disconnecting means, a main bonding jumper
for each separate service disconnecting means is required
to connect the grounded service conductor, the equipment
grounding conductor, and the service equipment enclosure.
See Exhibit 250.10 and Exhibit 250.11, which accompany
the commentary following 250.24(C), Exception.

Exception No. 1: Where more than one service discon-
necting means is located in an assembly listed for use as
service equipment, an unspliced main bonding jumper shall
bond the grounded conductor(s) to the assembly enclosure.

Where multiple service disconnecting means are part of an
assembly listed as service equipment, all grounded service
conductors are required to be run to and bonded to the
assembly. However, only one section of the assembly is
required to have the main bonding jumper connection. See

Grounded service conductor from
3-phase, 4-wire grounded system

Main bonding jumper

Grounding electrode
conductor

For 3-phase,
4-wire load

For 3-phase,
3-wire load

Exhibit 250.12, which accompanies the commentary follow-
ing 250.28(D). Exhibit 250.10 A grounded system in which the grounded ser-

vice conductor is brought into a 3-phase, 4-wire service equip-
ment enclosure and to the 3-phase, 3-wire service equipment

Exception No. 2: Impedance grounded neutral systems shall enclosure, where it is bonded to each service disconnecting
be permitted to be connected as provided in 250.36 and means.
250.186.
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250.28Article 250 — Grounding and Bonding

correlates with the requirements for parallel conductors con-tion, as a circuit conductor for normal loads, is covered in
tained in 310.4.200.3 and 220.61.

The exception to 250.24(C) permits a single connection
of the grounded service conductor to a listed service assem- (3) High Impedance The grounded conductor on a high-
bly (such as a switchboard) that contains more than one impedance grounded neutral system shall be grounded in
service disconnecting means, as shown in Exhibit 250.11. accordance with 250.36.

(D) Grounding Electrode Conductor A grounding elec-
trode conductor shall be used to connect the equipment
grounding conductors, the service-equipment enclosures,
and, where the system is grounded, the grounded service
conductor to the grounding electrode(s) required by Part III
of this article.

High-impedance grounded neutral system connections
shall be made as covered in 250.36.

FPN: See 250.24(A) for ac system grounding connec-
tions.

(E) Ungrounded System Grounding Connections A

Main bonding 
jumper

Assembly listed for service equipment

Main
tenant

A

Main
tenant

B

Main
tenant

C

Nφ

premises wiring system that is supplied by an ac service
that is ungrounded shall have, at each service, a groundingExhibit 250.11 One connection of the grounded service conduc-
electrode conductor connected to the grounding electrode(s)tor to a listed service assembly containing multiple service discon-
required by Part III of this article. The grounding electrodenecting means, in accordance with 250.24(C), Exception.
conductor shall be connected to a metal enclosure of the
service conductors at any accessible point from the load

(1) Routing and Sizing This conductor shall be routed with end of the service drop or service lateral to the service
the phase conductors and shall not be smaller than the re- disconnecting means.
quired grounding electrode conductor specified in Table

250.26 Conductor to Be Grounded —250.66 but shall not be required to be larger than the largest
Alternating-Current Systemsungrounded service-entrance phase conductor. In addition,

for service-entrance phase conductors larger than 1100 kcmil For ac premises wiring systems, the conductor to be
copper or 1750 kcmil aluminum, the grounded conductor grounded shall be as specified in the following:
shall not be smaller than 121⁄2 percent of the area of the (1) Single-phase, 2-wire — one conductor
largest service-entrance phase conductor. The grounded con- (2) Single-phase, 3-wire — the neutral conductor
ductor of a 3-phase, 3-wire delta service shall have an ampac- (3) Multiphase systems having one wire common to all
ity not less than that of the ungrounded conductors. phases — the common conductor

(4) Multiphase systems where one phase is grounded —(2) Parallel Conductors Where the service-entrance phase
one phase conductorconductors are installed in parallel, the size of the grounded

(5) Multiphase systems in which one phase is used as inconductor shall be based on the total circular mil area of
(2) — the neutral conductorthe parallel conductors as indicated in this section. Where

installed in two or more raceways, the size of the grounded
Section 250.26 works in conjunction with 250.20(B). Onceconductor in each raceway shall be based on the size of the
the requirements of 250.20(B) establish that a system isungrounded service-entrance conductor in the raceway but
required to be grounded, the requirements of 250.26 identifynot smaller than 1/0 AWG.
the conductor in the system that is required to be grounded.

FPN: See 310.4 for grounded conductors connected in In addition to covering systems where it is mandatory to
parallel. ground the system, this requirement also identifies which

conductor is to be grounded in systems that are permitted
For a multiple raceway or cable service installation, the to be grounded, such as a corner-grounded delta system.
minimum size for the grounded conductor in each raceway
or cable where conductors are in parallel cannot be less 250.28 Main Bonding Jumper and System
than 1/0 AWG. Although the cumulative size of the parallel Bonding Jumper
grounded conductors may be larger than is required by

For a grounded system, main bonding jumpers and system250.24(C)(1), the minimum 1/0 AWG per raceway or cable
bonding jumpers shall be installed as follows:
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250.28 Article 250 — Grounding and Bonding

The term system bonding jumper is new for the 2005 Code. create the link for ground-fault current between the equip-
ment grounding conductors and the grounded conductor.This new term distinguishes the system bonding jumper

installed in the disconnecting means enclosure supplied from Table 250.66, Grounding Electrode Conductor for Alternat-
ing-Current Systems, has a number of functions in Articlea separately derived system from the main bonding jumper

installed only in a service disconnecting means enclosure. 250 in addition to its use for sizing the grounding electrode
conductor. It is used in several sections of Article 250 forSee the commentary following the Article 100 definition of

bonding jumper, system. sizing various supply-side conductors of the grounding and
bonding system. Section 250.28(D) refers to Table 250.66
for directly sizing main and system bonding jumpers where(A) Material Main bonding jumpers and system bonding
the ungrounded conductors do not exceed 1100-kcmil copperjumpers shall be of copper or other corrosion-resistant mate-
or 1750-kcmil aluminum.rial. A main bonding jumper and a system bonding jumper

Unlike the function of the grounding electrode conduc-shall be a wire, bus, screw, or similar suitable conductor.
tor, which carries current to the ground or to the conducting

(B) Construction Where a main bonding jumper or a sys- body that serves as ground (via connection to a grounding
tem bonding jumper is a screw only, the screw shall be electrode), the main and system bonding jumpers are placed
identified with a green finish that shall be visible with the directly in the supply side ground-fault current return path.
screw installed. Therefore, where the largest ungrounded supply conductor

exceeds the parameters of Table 250.66, it is necessary to
The requirement in 250.28(B) specifies that where a screw maintain a proportional relationship between the ungrounded
is used for the main or system bonding jumper, the screw conductor and the main or system bonding jumper. Ground-
must have a green color that is visible when it is installed. ing electrode conductors are not required to be larger than
This identification requirement makes it possible to readily 3/0 AWG copper or 250-kcmil aluminum conductors, but
distinguish the bonding jumper screw from other screws to establish the minimum size for the main or system bonding
in the grounded conductor terminal bar, to ensure that the jumper for ungrounded conductors exceeding 1100-kcmil
required bonding connection has been made. copper or 1750-kcmil aluminum, its circular mil area cannot

be less than 121⁄2 percent of the circular mil area of the
largest ungrounded conductor (for conductors in parallel,(C) Attachment Main bonding jumpers and system bond-
the total area of the largest phase set). It should be noteding jumpers shall be attached in the manner specified by the
that where a main or system bonding jumper is provided asapplicable provisions of 250.8.
part of listed equipment, such as is the case with many

(D) Size Main bonding jumpers and system bonding jump-
panelboards and switchboards listed for use as service equip-

ers shall not be smaller than the sizes shown in Table 250.66.
ment, it is not necessary to replicate this bonding jumper

Where the supply conductors are larger than 1100 kcmil
with another one sized in accordance with 250.28(D).

copper or 1750 kcmil aluminum, the bonding jumper shall
To apply the bonding jumper requirements, each line-

have an area that is not less than 121⁄2 percent of the area
side service equipment enclosure is treated separately, as

of the largest phase conductor except that, where the phase
depicted in Exhibit 250.12. The main bonding jumper in the

conductors and the bonding jumper are of different materials
left enclosure is a 4 AWG copper conductor. Based on the

(copper or aluminum), the minimum size of the bonding
3/0 AWG ungrounded service conductors supplying the 200-

jumper shall be based on the assumed use of phase conduc-
ampere circuit breaker and Table 250.66, the minimum-size

tors of the same material as the bonding jumper and with an
main bonding jumper for this service equipment enclosure

ampacity equivalent to that of the installed phase conductors.
is 4 AWG copper. Similarly, the 1/0 AWG main bonding
jumper for the enclosure on the right is derived from Table

The minimum size for the main bonding jumper on the 250.66 using the 500-kcmil ungrounded service conductors.
supply side of a service and for the system bonding jumper on In addition to the main bonding jumpers for the two
the supply side of a separately derived system is determined disconnecting means enclosures, other conductors shown
through the use of a table and a calculation that establishes in Exhibit 250.12 are sized using Table 250.66. First, the
a proportional relationship between the size of the largest grounding electrode conductor at 2/0 AWG is full-sized
ungrounded supply conductor and the minimum conductor based on Table 250.66 using the 750-kcmil ungrounded
size (cross-sectional area) necessary to create an effective service conductor as the basis for selection. It should be
ground-fault current return path for short-time high-current noted that there are conditions where the grounding electrode
conditions. conductor is permitted to sized smaller than what is required

In a grounded system, the primary function of the main in the table; see 250.66.
bonding jumper and of the system bonding jumpers is to Next, the grounded conductor run to each enclosure in
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250.30Article 250 — Grounding and Bonding

There are instances, particularly with large capacity ser-
vices or separately derived systems, where the main or sys-
tem bonding jumper is required to be larger than the
grounding electrode conductor. Section 250.28(D) requires
that where the service-entrance conductors are larger than
1100-kcmil copper or 1750-kcmil aluminum, the bonding
jumper is to have a cross-sectional area of not less than 12
1⁄2percent of the cross-sectional area of the largest phase
conductor. For example, if a service is supplied by four 500-
kcmil conductors in parallel for each phase, the minimum
cross-sectional area of the bonding jumper is calculated as
follows: 4 � 500 kcmil � 2000 kcmil. Therefore, the main
or system bonding jumper cannot be less than 121⁄2 percent
of 2000 kcmil, which results in a 250-kcmil copper conduc-
tor. The copper grounding electrode conductor for this set
of conductors, based on Table 250.66, is not required to be
larger than 3/0 AWG.

Neutral terminal block

Supply conductors

Minimum 2/0 AWG grounded conductor

3/0 AWG

4 AWG
grounded
conductor

4 AWG
supply-side
equipment
bonding
jumper

4 AWG 
main bonding 
jumper

1/0 AWG 
main bonding
jumper

1/0 AWG
supply-side
equipment 
bonding
jumper

2/0 AWG
grounding
electrode
conductor

200-A 
circuit
breaker

400-A 
circuit
breaker

500 
kcmil

750 
kcmil

2/0 AWG supply-side equipment bonding jumper

1/0 
AWG
grounded
conductor

Exhibit 250.12 An example of the bonding requirements for 250.30 Grounding Separately Derived
service equipment. Alternating-Current Systems

(A) Grounded Systems A separately derived ac systemaccordance with 250.24(B) is sized using Table 250.66 as
that is grounded shall comply with 250.30(A)(1) throughthe minimum size permitted. For the grounded conductor,
(A)(8). A grounding connection shall not be made to anythe reference to Table 250.66 is found in 250.24(C)(1). For
grounded circuit conductor on the load side of the pointeach enclosure, the minimum size grounded conductor is
of grounding of the separately derived system except asestablished based on the largest ungrounded conductor serv-
otherwise permitted in this article.ing that enclosure. The grounded conductor is also subject

to the requirements of 220.61 covering the conductor’s ca- FPN: See 250.32 for connections at separate buildings
pacity for unbalanced load, which could result in having to or structures, and 250.142 for use of the grounded circuit
increase the size to larger than what was determined from conductor for grounding equipment.
Table 250.66.

Exception: Impedance grounded neutral system groundingFinally, supply-side equipment bonding jumpers are
connections shall be made as specified in 250.36 or 250.186.used for the three bonding metal conduits containing service

conductors and the metal wireway located above the two
service equipment enclosures. These bonding jumpers are Section 250.30(A) provides the requirements for bonding

and grounding the separately derived systems described inalso sized from Table 250.66 via a reference from
250.102(C). The bonding jumpers for the raceways are sized 250.20(D). A separately derived system is defined in Article

100 as a premises wiring system in which power is derivedbased on the ungrounded conductors contained in each metal
service raceway. from a battery, a solar photovoltaic system, a generator, a

transformer, or converter windings. It has no direct electricalFor the metal conduit entering the top of the wireway
and the wireway itself, the bonding jumper is sized from connection, including a solidly connected grounded circuit

conductor, to supply conductors originating in anotherTable 250.66 based on the 750-kcmil main service-entrance
conductors and cannot be less than a 2/0 AWG copper con- system.

The requirements of 250.30 are commonly applied toductor. The service-entrance conductors to the enclosures
are 3/0 AWG and 500-kcmil copper, based on the loads 480-volt transformers that transform a 480-volt supply to a

208Y/120-volt system for lighting and appliance loads.supplied from each enclosure. The bonding jumpers for the
short nipples are sized based on the size of the phase conduc- These requirements provide for a low-impedance path to

ground so that line-to-ground faults on circuits supplied bytors supplying each disconnecting means. In this case, the
metal raceway nipples containing the 3/0 AWG and 500- the transformer result in a sufficient amount of current to

operate the overcurrent devices. These requirements alsokcmil ungrounded service conductors require minimum 4
AWG and 1/0 AWG copper supply-side equipment bonding apply to generators or systems that are derived from con-

verter windings, although these systems do not have thejumpers, respectively.
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250.30 Article 250 — Grounding and Bonding

is, not smaller than 8 AWG copper. Exception No. 3 tosame wide use as separately derived systems that are derived
250.30(A)(1) permits a system bonding jumper for a Classfrom transformers.
1, Class 2, or Class 3 circuit to be not smaller than 14 AWG
copper or 12 AWG aluminum.

(1) System Bonding Jumper An unspliced system bond-
ing jumper in compliance with 250.28(A) through (D) that (2) Equipment Bonding Jumper Size Where a bonding
is sized based on the derived phase conductors shall be jumper of the wire type is run with the derived phase conduc-
used to connect the equipment grounding conductors of the tors from the source of a separately derived system to the
separately derived system to the grounded conductor. This first disconnecting means, it shall be sized in accordance
connection shall be made at any single point on the separately with 250.102(C), based on the size of the derived phase
derived system from the source to the first system discon- conductors.
necting means or overcurrent device, or it shall be made

(3) Grounding Electrode Conductor, Single Separatelyat the source of a separately derived system that has no
Derived System A grounding electrode conductor for adisconnecting means or overcurrent devices.
single separately derived system shall be sized in accordance
with 250.66 for the derived phase conductors and shall beWhere a separately derived system provides a grounded
used to connect the grounded conductor of the derived sys-conductor, a system bonding jumper must be installed to
tem to the grounding electrode as specified in 250.30(A)connect the equipment grounding conductors to the
(7). This connection shall be made at the same point on thegrounded conductor. Equipment grounding conductors are
separately derived system where the system bonding jumperconnected to the grounding electrode system by the ground-
is installed.ing electrode conductor. The system bonding jumper is sized

according to 250.28(D) and may be located at any point Exception No. 1: Where the system bonding jumper speci-
between the source terminals (transformer, generator, etc.) fied in 250.30(A)(1) is a wire or busbar, it shall be permitted
and the first disconnecting means or overcurrent device. See to connect the grounding electrode conductor to the equip-
the commentary following 250.28(D) for further information ment grounding terminal, bar, or bus, provided the equip-
on sizing the system bonding jumper. ment grounding terminal, bar, or bus is of sufficient size for

the separately derived system.

Exception No. 2: Where a separately derived system origi-
Exception No. 1: For separately derived systems that are nates in listed equipment suitable as service equipment, the
dual fed (double ended) in a common enclosure or grouped grounding electrode conductor from the service or feeder
together in separate enclosures and employing a secondary equipment to the grounding electrode shall be permitted as
tie, a single system bonding jumper connection to the tie the grounding electrode conductor for the separately derived
point of the grounded circuit conductors from each power system, provided the grounding electrode conductor is of
source shall be permitted. sufficient size for the separately derived system. Where the
Exception No. 2: A system bonding jumper at both the equipment ground bus internal to the equipment is not
source and the first disconnecting means shall be permitted smaller than the required grounding electrode conductor
where doing so does not establish a parallel path for the for the separately derived system, the grounding electrode
grounded conductor. Where a grounded conductor is used connection for the separately derived system shall be permit-
in this manner, it shall not be smaller than the size specified ted to be made to the bus.
for the system bonding jumper but shall not be required to Exception No. 3: A grounding electrode conductor shall not
be larger than the ungrounded conductor(s). For the pur- be required for a system that supplies a Class 1, Class 2,
poses of this exception, connection through the earth shall or Class 3 circuit and is derived from a transformer rated
not be considered as providing a parallel path. not more than 1000 volt-amperes, provided the grounded

conductor is bonded to the transformer frame or enclosureException No. 3: The size of the system bonding jumper for
a system that supplies a Class 1, Class 2, or Class 3 circuit, by a jumper sized in accordance with 250.30(A)(1), Excep-

tion No. 3, and the transformer frame or enclosure isand is derived from a transformer rated not more than 1000
volt-amperes, shall not be smaller than the derived phase grounded by one of the means specified in 250.134.
conductors and shall not be smaller than 14 AWG copper
or 12 AWG aluminum. If a separately derived system is required to be grounded,

the conductor to be grounded is allowed to be connected to
the grounding electrode system at any location between theSection 250.30(A)(1) requires the system bonding jumper

to be not smaller than the sizes given in Table 250.66, that source terminals (transformer, generator, etc.) and the first
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250.30Article 250 — Grounding and Bonding

disconnecting means or overcurrent device. The location of
the grounding electrode conductor connection to the
grounded conductor must be at the same point as where the
bonding jumper is connected to the grounded conductor. By
establishing a common point of connection, normal neutral
current will be carried only on the system grounded conduc-
tor. Metal raceways, piping systems, and structural steel
must not provide a parallel circuit for neutral current. Exhib-
its 250.13 and 250.14 illustrate examples of grounding elec-
trode connections for separately derived systems.

480 V

A B C
Equipment grounding 
conductor

Neutral

Neutral
terminal
bar

208Y/120 V

System bonding jumper

Grounding electrode conductor

GN

Dry-type
transformer

Nearest grounding electrode

Equipment 
bonding
jumper

Exhibit 250.14 A grounding arrangement for a separately de-
rived system in which the grounding electrode conductor connec-
tion is made at the first disconnecting means.

Exception No. 2: A grounding electrode conductor shall not
be required for a system that supplies a Class 1, Class 2,
or Class 3 circuit and is derived from a transformer rated not
more than 1000 volt-amperes, provided the system grounded
conductor is bonded to the transformer frame or enclosure
by a jumper sized in accordance with 250.30(A)(1), Excep-

480 V

A B C
Equipment grounding 
conductor

Neutral

208Y/120 V

System bonding jumper

Equipment
bonding 
jumper

N G

Dry-type
transformer

Nearest grounding electrode
Grounding electrode conductor

Isolated neutral terminal

tion No. 3 and the transformer frame or enclosure is
grounded by one of the means specified in 250.134.Exhibit 250.13 A grounding arrangement for a separately de-

rived system in which the grounding electrode conductor connec- (a) Common Grounding Electrode Conductor Size. The
tion is made at the transformer.

common grounding electrode conductor shall not be smaller
than 3/0 AWG copper or 250 kcmil aluminum.

(b) Tap Conductor Size. Each tap conductor shall be(4) Grounding Electrode Conductor, Multiple Sepa-
sized in accordance with 250.66 based on the derived phaserately Derived Systems Where more than one separately
conductors of the separately derived system it serves.derived system is installed, it shall be permissible to connect

a tap from each separately derived system to a common
Exception: Where a separately derived system originates ingrounding electrode conductor. Each tap conductor shall
listed equipment suitable as service equipment, the ground-connect the grounded conductor of the separately derived
ing electrode conductor from the service or feeder equipmentsystem to the common grounding electrode conductor. The
to the grounding electrode shall be permitted as the ground-grounding electrode conductors and taps shall comply with
ing electrode conductor for the separately derived system,250.30(A)(4)(a) through (A)(4)(c).
provided the grounding electrode conductor is of sufficient
size for the separately derived system. Where the equipmentException No. 1: Where the system bonding jumper speci-

fied in 250.30(A)(1) is a wire or busbar, it shall be permitted ground bus internal to the equipment is not smaller than the
required grounding electrode conductor for the separatelyto connect the grounding electrode conductor to the equip-

ment grounding terminal, bar, or bus, provided the equip- derived system, the grounding electrode connection for the
separately derived system shall be permitted to be made toment grounding terminal, bar, or bus is of sufficient size for

the separately derived system. the bus.
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250.30 Article 250 — Grounding and Bonding

(3) Connections. All tap connections to the common supplies an adjacent 150-ampere main circuit breaker pan-
grounding electrode conductor shall be made at an accessible elboard using 1/0 AWG, Type THHN copper conductors.
location by one of the following methods: The transformers are strategically placed throughout the

building to facilitate efficient distribution. Because the build-
(1) A listed connector. ing contains no effectively grounded structural steel, each
(2) Listed connections to aluminum or copper busbars not transformer secondary must be grounded to the water service

less than 6 mm � 50 mm (1⁄4 in. � 2 in.). Where electrode within the first 5 ft of entry into the building. A
aluminum busbars are used, the installation shall comply common grounding electrode conductor has been selected as
with 250.64(A). the method to connect all the transformers to the grounding

(3) By the exothermic welding process. electrode system.
What is the minimum-size common grounding electrode

Tap conductors shall be connected to the common conductor that must be used to connect the four transformers
grounding electrode conductor in such a manner that the to the grounding electrode system? What is the minimum-
common grounding electrode conductor remains without a size grounding electrode conductor to connect each of the
splice or joint. four transformers to the common grounding electrode con-

ductor?
A common grounding electrode conductor serving several Solution
separately derived systems is permitted instead of installing

STEP 1. Determine the minimum size for the commonseparate individual grounding electrode conductors from
grounding electrode conductor. In accordance witheach separately derived system to the grounding electrode
250.30(A)(4)(a), the minimum size required is 3/0 coppersystem. A tapped grounding electrode conductor is installed
or 250-kcmil aluminum. No calculation is necessary, andfrom the common grounding electrode conductor to the point
the common grounding electrode conductor does not have toof connection to the individual separately derived system
be sized larger than specified by this requirement. Additionalgrounded conductor. This tap is sized from Table 250.66
transformers installed in the building can be connected tobased on the size of the ungrounded conductors for that
this common grounding electrode conductor, and no increaseindividual separately derived system.
in its size is required.The sizing requirement for the common grounding elec-
STEP 2. Determine the size of each individual groundingtrode conductor was revised for the 2005 Code. So that the
electrode tap conductor for each of the separately derivedgrounding electrode conductor always has sufficient size to
systems. According to Table 250.66, a 1/0 AWG copperaccommodate the multiple separately derived systems that
derived phase conductor requires a conductor not smallerit serves, the minimum size for this conductor is now 3/0
than 6 AWG copper for each transformer grounding elec-AWG copper or 250-kcmil aluminum. Note that this new
trode tap conductor. This individual grounding electrodeminimum size for the common grounding electrode conduc-
conductor will be used as the permitted tap conductor andtor correlates with the maximum size grounding electrode
will run from the conductor to be grounded of each separatelyconductor required by Table 250.66; therefore, the 3/0 AWG
derived system to a connection point located on the commoncopper or 250-kcmil aluminum becomes the maximum size
grounding electrode conductor. This conductor is labeledrequired for the common grounding electrode conductor.
‘‘Conductor B’’ in Exhibit 250.15.The sizing requirement for the common grounding electrode

conductor is specified in 250.30(A)(4)(a), and the sizing
requirement for the individual taps to the common grounding

(5) Installation The installation of all grounding electrodeelectrode conductor is specified in 250.30(A)(4)(b). The
conductors shall comply with 250.64(A), (B), (C), and (E).rules covering the method of connection of the tap conductor

to the common grounding electrode conductor are specified (6) Bonding Structural steel and metal piping shall be
in 250.30(A)(4)(c). The following example, together with bonded in accordance with 250.104(D).
Exhibit 250.15, illustrates this new permitted installation
method. (7) Grounding Electrode The grounding electrode shall

be as near as practicable to and preferably in the same
Example

area as the grounding electrode conductor connection to the
A large post-and-beam loft-type building is being renovated system. The grounding electrode shall be the nearest one of
for use as an office building. The building is being furnished the following:
with four 45-kVA, 480 to 120/208-volt, 3-phase, 4-wire,

(1) Metal water pipe grounding electrode as specified inwye-connected transformers. Each transformer secondary
250.52(A)(1)
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250.30Article 250 — Grounding and Bonding

Exhibit 250.15 The ground-
ing arrangement for multiple
separately derived systems
using taps from a common
grounding electrode conduc-
tor, according to
250.30(A)(4)(a) and
250.30(A)(4)(b).

150-A
main circuit
breaker
panelboard
(typical for 4)

Conductor A

Common
grounding
electrode
conductor,
3/0 AWG
copperConductor B

Floor-mounted
45-kVA
transformer
(typical for 4)

Bonding jumper

Metal underground
water pipe

Water
meter

Supplementary ground rod
electrode (10-ft ground rod)

Individual grounding
electrode conductor
6 AWG copper typical
to the 4 transformers

(2) Structural metal grounding electrode as specified in grounding electrode system. However, where an effectively
250.52(A)(2) grounded metal water pipe is used as an electrode for a

separately derived system, 250.52(A) specifies that only theException No. 1: Any of the other electrodes identified in
first 5 ft of water piping entering the building can be used250.52(A) shall be used where the electrodes specified by
as a grounding electrode. Therefore, the grounding electrode250.30(A)(7) are not available.
conductor connection to the metal water piping must be

Exception No. 2 to (1) and (2): Where a separately derived made at some point on this first 5 ft of piping.
system originates in listed equipment suitable for use as Concern over the use of nonmetallic piping or fittings
service equipment, the grounding electrode used for the ser- is the basis for the ‘‘within 5 ft’’ requirement. Where the
vice or feeder equipment shall be permitted as the grounding piping system is located in an industrial or commercial build-
electrode for the separately derived system. ing and is serviced only by qualified persons and the entire

length that will be used as an electrode is exposed, theFPN: See 250.104(D) for bonding requirements of inte-
rior metal water piping in the area served by separately connection may be made at any point on the piping system.
derived systems. The practice of grounding the secondary of an isolating

transformer to a ground rod or running the grounding elec-
trode conductor back to the service ground (usually to reduceSection 250.30(A)(7) requires that the grounding electrode

be as near as is practicable to the grounding conductor con- electrical noise on data processing systems) is not permitted
where either of the electrodes covered in item (1) or itemnection to the system to minimize the impedance to ground.

If an effectively grounded structural metal member of the (2) of 250.30(A)(7) is available. However, an isolation trans-
former that is part of a listed power supply for a data pro-building structure or an effectively grounded metal water

pipe is available nearby, 250.30(A)(7) requires that it be cessing room is not required to be grounded in accordance
with 250.30(A)(7), but it must be grounded in accordanceused as the grounding electrode. For example, where a trans-

former is installed on the fiftieth floor, the grounding elec- with the manufacturer’s instructions.
Exhibit 250.13 and Exhibit 250.14 are typical wiringtrode conductor is not required to be run to the service
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250.32 Article 250 — Grounding and Bonding

derived phase conductors, shall be used to connect the metaldiagrams for dry-type transformers supplied from a 480-
enclosures of the derived system to the grounding electrodevolt, 3-phase feeder to derive a 208Y/120-volt or 480Y/277-
as specified in 250.30(B)(2). This connection shall be madevolt secondary. As indicated in 250.30(A)(1), the bonding
at any point on the separately derived system from the sourcejumper connection is required to be sized according to
to the first system disconnecting means.250.28(D). In Exhibit 250.13, this connection is made at the

source of the separately derived system, in the transformer
enclosure. In Exhibit 250.14, the bonding jumper connection For ungrounded separately derived systems, a grounding

electrode conductor is required to be connected to the metalis made at the first disconnecting means. With the grounding
electrode conductor, the bonding jumper, and the bonding enclosure of the system disconnecting means. The grounding

electrode conductor is sized from Table 250.66 based onof the grounded circuit conductor (neutral) connected as
shown, line-to-ground fault currents are able to return to the the largest ungrounded supply conductor. This connection

establishes a reference to ground for all exposed non–cur-supply source through a short, low-impedance path. A path
of lower impedance is provided that facilitates the operation rent-carrying metal equipment supplied from the un-

grounded system. The equipment grounding conductors ofof overcurrent devices, in accordance with 250.4(A)(5). The
grounding electrode conductor from the secondary grounded circuits supplied from the ungrounded system are connected

to ground via this grounding electrode conductor connection.circuit conductor is sized according to Table 250.66.

(8) Grounded Conductor Where a grounded conductor is
(2) Grounding Electrode Except as permitted by 250.34installed and the system bonding jumper is not located at
for portable and vehicle-mounted generators, the groundingthe source of the separately derived system, 250.30(A)(8)(a),
electrode shall comply with 250.30(A)(7).(A)(8)(b), and (A)(8)(c) shall apply.

(a) Routing and Sizing. This conductor shall be routed
250.32 Buildings or Structures Supplied bywith the derived phase conductors and shall not be smaller
Feeder(s) or Branch Circuit(s)than the required grounding electrode conductor specified
(A) Grounding Electrode Building(s) or structure(s) sup-in Table 250.66 but shall not be required to be larger than
plied by feeder(s) or branch circuit(s) shall have a groundingthe largest ungrounded derived phase conductor. In addition,
electrode or grounding electrode system installed in accor-for phase conductors larger than 1100 kcmil copper or 1750
dance with 250.50. The grounding electrode conductor(s)kcmil aluminum, the grounded conductor shall not be smaller
shall be connected in accordance with 250.32(B) or (C).than 121⁄2percent of the area of the largest derived phase
Where there is no existing grounding electrode, the ground-conductor. The grounded conductor of a 3-phase, 3-wire
ing electrode(s) required in 250.50 shall be installed.delta system shall have an ampacity not less than that of

the ungrounded conductors.

(b) Parallel Conductors. Where the derived phase con- Where a building or structure is supplied by a feeder,
ductors are installed in parallel, the size of the grounded 250.32(A) requires that a grounding electrode system be
conductor shall be based on the total circular mil area of established at each building or structure supplied, unless one
the parallel conductors, as indicated in this section. Where already exists. The equipment grounding bus must be bonded
installed in two or more raceways, the size of the grounded to the grounding electrode system, and the disconnecting
conductor in each raceway shall be based on the size of the means enclosure, building steel, and interior metal water
ungrounded conductors in the raceway but not smaller than piping are also required to be bonded to the grounding
1/0 AWG. electrode system. All exposed non–current-carrying metal

parts of electrical equipment are required to be grounded
FPN: See 310.4 for grounded conductors connected in

through equipment grounding conductor connections to theparallel.
equipment grounding bus at the building disconnecting

(c) Impedance Grounded System. The grounded con- means. The connection of the grounded (neutral) conductor
ductor of an impedance grounded neutral system shall be to the grounding electrode system, as shown in Exhibit
installed in accordance with 250.36 or 250.186. 250.16, is permitted only where it can be ensured that such

a connection does not establish a parallel circuit path for(B) Ungrounded Systems The equipment of an un-
normal neutral current on equipment grounding conductors,grounded separately derived system shall be grounded as
metal shields of cables not intended to be used as a current-specified in 250.30(B)(1) and (B)(2).
carrying conductor, metal piping systems, or other metal

(1) Grounding Electrode Conductor A grounding elec- structures that are continuous between buildings.
trode conductor, sized in accordance with 250.66 for the
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250.32Article 250 — Grounding and Bonding

Service
conductors

Building 1 Building 2 Building 3

N NN

Feeder Feeder

No continuous metallic paths between buildings

G G G

Exhibit 250.16 Example of grounding electrode systems re-
quired at feeder-supplied Building 2 and Building 3, in accordance
with 250.32(A).
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Remote building

Main building
service equipment

One branch circuit with 
equipment grounding conductor

PVC conduit

Connection to 
grounding electrode 
not required for single
branch-circuit
disconnecting means

Exception: A grounding electrode shall not be required
where only a single branch circuit supplies the building Exhibit 250.17 An installation where a connection from the sin-
or structure and the branch circuit includes an equipment gle branch-circuit disconnecting means enclosure to a grounding
grounding conductor for grounding the conductive electrode system is not required at the remote building because
non–current-carrying parts of equipment. For the purpose an equipment grounding conductor is installed with the circuit

conductors.of this section, a multiwire branch circuit shall be considered
as a single branch circuit.

Where a feeder supplies a building and an equipment ground-
ing conductor is run with or encloses the feeder, the groundedWhere a building is supplied by a single branch circuit (2-
conductor (neutral) is not permitted to be connected to thewire or multiwire) and is installed in or has a wire-type
equipment grounding conductor or to the grounding elec-equipment grounding conductor, as covered in 250.118, it
trode system, as illustrated in Exhibit 250.18.is not required to establish a grounding electrode system or

connect to an existing one. Where the installation occurs at
other than a dwelling unit, the disconnecting means at the

(2) Grounded Conductor Where (1) an equipmentremote building is required to be suitable for service equip-
grounding conductor is not run with the supply to the build-ment in accordance with 225.36. See Exhibit 250.17 for an
ing or structure, (2) there are no continuous metallic pathsexample of this provision.
bonded to the grounding system in each building or structure
involved, and (3) ground-fault protection of equipment has

(B) Grounded Systems For a grounded system at the sepa- not been installed on the supply side of the feeder(s), the
rate building or structure, the connection to the grounding grounded conductor run with the supply to the building or
electrode and grounding or bonding of equipment, structures, structure shall be connected to the building or structure
or frames required to be grounded or bonded shall comply disconnecting means and to the grounding electrode(s) and
with either 250.32(B)(1) or (B)(2). shall be used for grounding or bonding of equipment, struc-

tures, or frames required to be grounded or bonded. The(1) Equipment Grounding Conductor An equipment
size of the grounded conductor shall not be smaller than thegrounding conductor as described in 250.118 shall be run
larger of either of the following:with the supply conductors and connected to the building

or structure disconnecting means and to the grounding elec- (1) That required by 220.61
(2) That required by 250.122trode(s). The equipment grounding conductor shall be used

for grounding or bonding of equipment, structures, or frames
required to be grounded or bonded. The equipment ground- Similar to the provisions of 250.30(A)(3), the requirement
ing conductor shall be sized in accordance with 250.122. in 250.32(B)(2) eliminates the creation of parallel paths
Any installed grounded conductor shall not be connected for normal neutral current on grounding conductors, metal
to the equipment grounding conductor or to the grounding raceways, metal piping, and other metal structures. In the
electrode(s).
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250.32 Article 250 — Grounding and Bonding

(C) Ungrounded Systems The grounding electrode(s)
shall be connected to the building or structure disconnecting
means.

(D) Disconnecting Means Located in Separate Building
or Structure on the Same Premises Where one or more
disconnecting means supply one or more additional build-
ings or structures under single management, and where these
disconnecting means are located remote from those buildings
or structures in accordance with the provisions of 225.32,
Exception Nos. 1 and 2, all of the following conditions shall
be met:

(1) The connection of the grounded conductor to the
grounding electrode at a separate building or structure
shall not be made.

(2) An equipment grounding conductor for grounding any
non–current-carrying equipment, interior metal piping
systems, and building or structural metal frames is run
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Feeder with equipment 
grounding conductor to 
additional building 

Remote building

Isolated
neutral

Grounding electrode required

Main building
service equipment

with the circuit conductors to a separate building or
structure and bonded to existing grounding electrode(s)Exhibit 250.18 An installation in which connection between the
required in Part III of this article, or, where there aregrounded conductor (neutral) and equipment grounding terminal
no existing electrodes, the grounding electrode(s) re-bar is not allowed. A connection from the equipment grounding
quired in Part III of this article shall be installed whereterminal bus to the grounding electrode is required.
a separate building or structure is supplied by more than
one branch circuit.

1999 and previous editions of the Code, the grounding elec- (3) Bonding the equipment grounding conductor to the
trode conductor and equipment grounding conductors were grounding electrode at a separate building or structure
permitted to be connected to the grounded conductor at a shall be made in a junction box, panelboard, or similar
separate building or structure. This multiple-location enclosure located immediately inside or outside the sep-
grounding arrangement could provide parallel paths for neu- arate building or structure.
tral current along the electrical system and along other con-
tinuous metallic piping and mechanical systems as well.

Exhibit 250.19 illustrates an installation in which the discon-Connection of the grounded conductor to a grounding elec-
nect for Building 2 is located in Building 1. Sectiontrode system at a separate building or structure is permitted
250.32(D) applies to separate buildings or structures that doonly if these parallel paths are not created and if there is no
not have a disconnect, as permitted by Exception No. 1 andcommon ground-fault protection of equipment provided at
Exception No. 2 to 225.32. The feeder conductors mustthe service where the feeder or branch circuit originates.
terminate in a panelboard, junction box, or similar enclosureWhere the grounded conductor is used as part of the
that is located immediate to the point the supply conductorsground-fault current return circuit, it is required to be sized
enter the building or structure inside or outside the building.no less than that required by 250.122 for equipment ground-

An equipment grounding conductor must be run withing conductors, but it also has to be sized to carry the
the feeder conductors, the grounded conductor must not bemaximum unbalanced load, as specified in 220.61.
bonded to the enclosure or equipment grounding bus, andLike the grounded service conductor, a branch-circuit
the equipment grounding bus must be connected to a newor feeder grounded conductor used in the application permit-
or existing grounding electrode system at the second build-ted by 250.32(B)(2) is a circuit conductor for normal neutral
ing. All non–current-carrying metal parts of equipment,current and is also the circuit conductor used to create an
building steel, and interior metal piping systems must beeffective ground-fault current return path. Therefore, it is
connected to the grounding electrode system.necessary to size the grounded conductor in this application

based on which of those two functions requires the larger
conductor. Of course there is no prohibition on installing a

(E) Grounding Electrode Conductor The size of thefull-size grounded (neutral) conductor, thus ensuring compli-
grounding electrode conductor to the grounding electrode(s)ance with both 250.122 and 220.61.
shall not be smaller than given in 250.66, based on the
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250.36Article 250 — Grounding and Bonding

ment, such as vehicle-mounted generators, that is capable
of being moved on wheels or rollers.

The frame of a portable generator is not required to
be connected to earth (ground rod, water pipe, etc.) if the
generator has receptacles mounted on the generator panel
and the receptacles have equipment grounding terminals
bonded to the generator frame.

(B) Vehicle-Mounted Generators The frame of a vehicle
shall not be required to be connected to a grounding electrode
as defined in 250.52 for a system supplied by a generator

Isolated
neutral

Service
conductors

Building 1 Building 2

N

Feeder

G G

located on this vehicle under the following conditions:
Exhibit 250.19 Grounding and bonding requirements for a (1) The frame of the generator is bonded to the vehicle
separate building under single management with the disconnect

frame, andremotely located from the building.
(2) The generator supplies only equipment located on the

vehicle or cord-and-plug-connected equipment through
receptacles mounted on the vehicle, or both equipmentlargest ungrounded supply conductor. The installation shall
located on the vehicle and cord-and-plug-connectedcomply with Part III of this article.
equipment through receptacles mounted on the vehicle
or on the generator, and

A grounding electrode system is connected to the grounded
(3) The non–current-carrying metal parts of equipment and

conductor and/or the equipment enclosures by the grounding
the equipment grounding conductor terminals of the

electrode conductor (see definition in Article 100) according
receptacles are bonded to the generator frame.

to 250.24 for services, to 250.30 for separately derived sys-
tems, and to 250.32 for two or more buildings supplied from

Vehicle-mounted generators that provide a neutral conductora common service. Each of these sections directs the user
and are installed as separately derived systems supplyingto the same general requirements; that is, the grounding
equipment and receptacles on the vehicle are required toelectrode conductor must comply with Part III of Article
have the neutral conductor bonded to the generator frame250. A revision to the 2002 Code clarified that where a
and to the vehicle frame. The non–current-carrying parts offeeder or branch circuit supplies a building or structure, the
the equipment must be bonded to the generator frame.conductor used to connect the equipment grounding conduc-

tor and, as permittedby 250.32(B)(2), the grounded conductor
to the grounding electrode system is a grounding electrode (C) Grounded Conductor Bonding A system conductor
conductor and must be sized in accordance with 250.66. that is required to be grounded by 250.26 shall be bonded

to the generator frame where the generator is a component
of a separately derived system.250.34 Portable and Vehicle-Mounted

FPN: For grounding portable generators supplying fixedGenerators
wiring systems, see 250.20(D).

(A) Portable Generators The frame of a portable genera-
tor shall not be required to be connected to a grounding

Portable and vehicle-mounted generators that are installedelectrode as defined in 250.52 for a system supplied by the
as separately derived systems and that provide a neutralgenerator under the following conditions:
conductor (such as 3-phase, 4-wire wye connected; single-

(1) The generator supplies only equipment mounted on the phase 240/120 volt; or 3-phase, 4-wire delta connected) are
generator, cord-and-plug-connected equipment through required to have the neutral conductor bonded to the genera-
receptacles mounted on the generator, or both, and tor frame.

(2) The non–current-carrying metal parts of equipment and
the equipment grounding conductor terminals of the

250.36 High-Impedance Groundedreceptacles are bonded to the generator frame.
Neutral Systems
High-impedance grounded neutral systems in which aPortable describes equipment that is easily carried by per-
grounding impedance, usually a resistor, limits the ground-sonnel from one location to another.Mobile describes equip-
fault current to a low value shall be permitted for 3-phase
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250.36 Article 250 — Grounding and Bonding

(A) Grounding Impedance Location The grounding im-ac systems of 480 volts to 1000 volts where all the following
conditions are met: pedance shall be installed between the grounding electrode

conductor and the system neutral. Where a neutral is not(1) The conditions of maintenance and supervision ensure
available, the grounding impedance shall be installed be-that only qualified persons service the installation.
tween the grounding electrode conductor and the neutral(2) Continuity of power is required.
derived from a grounding transformer.(3) Ground detectors are installed on the system.

(4) Line-to-neutral loads are not served. (B) Neutral Conductor The neutral conductor from the
neutral point of the transformer or generator to its connection
point to the grounding impedance shall be fully insulated.Section 250.36 covers high-impedance grounded neutral sys-

The neutral conductor shall have an ampacity of nottems of 480 to 1000 volts. Systems rated over 1000 volts
less than the maximum current rating of the grounding im-are covered in 250.186. For information on the differences
pedance. In no case shall the neutral conductor be smallerbetween solidly grounded systems and high-impedance
than 8 AWG copper or 6 AWG aluminum or copper-cladgrounded neutral systems, see ‘‘Grounding for Emergency
aluminum.and Standby Power Systems,’’ by Robert B. West, IEEE

Transactions on Industry Applications, Vol. IA-15, No. 2,
March/April 1979. The current through the neutral conductor is limited by the

As the schematic diagram in Exhibit 250.20 shows, grounding impedance. Therefore, the neutral conductor is
a high-impedance grounded neutral system is designed to not required to be sized to carry high-fault current. The
minimize the amount of fault current during a ground fault. neutral conductor cannot be smaller than 8 AWG copper or
The grounding impedance is usually selected to limit fault 6 AWG aluminum.
current to a value that is slightly greater than or equal to
the capacitive charging current. This system is used where (C) System Neutral Connection The system neutral con-
continuity of power is required. Therefore, a ground fault ductor shall not be connected to ground except through the
results in an alarm condition rather than in the tripping of grounding impedance.
a circuit breaker, which allows a safe and orderly shutdown

FPN: The impedance is normally selected to limit theof a process in which a non-orderly shutdown can introduce
ground-fault current to a value slightly greater than or

additional or increased hazards. equal to the capacitive charging current of the system.
This value of impedance will also limit transient overvol-
tages to safe values. For guidance, refer to criteria for
limiting transient overvoltages in ANSI/IEEE 142-1991,
Recommended Practice for Grounding of Industrial and
Commercial Power Systems.

Additional information can be found in ‘‘Charging Current
Data for Guesswork-Free Design of High-Resistance
Grounded Systems,’’ by D. S. Baker, IEEE Transactions on
Industry Applications, Vol. IA-15, No. 2, March/April 1979;
and ‘‘High-Resistance Grounding,’’ by Baldwin Bridger, Jr.,
IEEE Transactions on Industry Applications, Vol. IA-19,
No. 1, January/February 1983.

(D) Neutral Conductor Routing The conductor connect-
ing the neutral point of the transformer or generator to the
grounding impedance shall be permitted to be installed in
a separate raceway. It shall not be required to run this conduc-
tor with the phase conductors to the first system discon-
necting means or overcurrent device.

Neutral
point

480 V to
1000 V

Insulated neutral conductor

Grounding impedance

No line-
to-neutral 
loadsUnspliced equipment bonding jumper

(E) Equipment Bonding Jumper The equipment bonding
Exhibit 250.20 Schematic diagram of a high-impedance jumper (the connection between the equipment grounding
grounded neutral system. conductors and the grounding impedance) shall be an un-

spliced conductor run from the first system disconnecting
means or overcurrent device to the grounded side of theHigh-impedance grounded neutral systems shall comply

with the provisions of 250.36(A) through (G). grounding impedance.
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250.52Article 250 — Grounding and Bonding

(F) Grounding Electrode Conductor Location The
grounding electrode conductor shall be attached at any point
from the grounded side of the grounding impedance to the
equipment grounding connection at the service equipment
or first system disconnecting means.

(G) Equipment Bonding Jumper Size The equipment
bonding jumper shall be sized in accordance with (1) or (2)
as follows:

(1) Where the grounding electrode conductor connection is
made at the grounding impedance, the equipment bond-
ing jumper shall be sized in accordance with 250.66,
based on the size of the service entrance conductors for
a service or the derived phase conductors for a separately
derived system.

(2) Where the grounding electrode conductor is connected
at the first system disconnecting means or overcurrent
device, the equipment bonding jumper shall be sized
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Concrete-encased 
electrode
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Service 
equipment

Grounding
electrode 
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the same as the neutral conductor in 250.36(B).
Exhibit 250.21 A grounding electrode system that uses the
metal frame of a building, a ground ring, a concrete-encasedIII. Grounding Electrode System and
electrode, a metal underground water pipe, and a ground rod.

Grounding Electrode Conductor
would involve some type of demolition or similar activity250.50 Grounding Electrode System
that would disturb the existing construction. Because theAll grounding electrodes as described in 250.52(A)(1)
installation of the footings and foundation is one of the firstthrough (A)(6) that are present at each building or structure
elements of a construction project and in most cases hasserved shall be bonded together to form the grounding elec-
long been completed by the time the electric service is in-trode system. Where none of these grounding electrodes
stalled, this revised text necessitates an awareness and coor-exist, one or more of the grounding electrodes specified in
dinated effort on the part of designers and the construction250.52(A)(4) through (A)(7) shall be installed and used.
trades in making sure that the concrete-encased electrode is
incorporated into the grounding electrode system.

Section 250.50 introduces the important concept of a
‘‘grounding electrode system,’’ in which all electrodes are
bonded together, as illustrated in Exhibit 250.21. Rather than Exception: Concrete-encased electrodes of existing build-
total reliance on a single grounding electrode to perform its ings or structures shall not be required to be part of the
function over the life of the electrical installation, the NEC grounding electrode system where the steel reinforcing bars
encourages the formation of a system of electrodes ‘‘that or rods are not accessible for use without disturbing the
are present at each building or structure served.’’ There is concrete.
no doubt that building a system of electrodes adds a level
of reliability and helps ensure system performance over a 250.52 Grounding Electrodes
long period of time. (A) Electrodes Permitted for Grounding

This section was revised for the 2005 Code to clearly
(1) Metal Underground Water Pipe A metal undergroundrequire the inclusion of a concrete-encased electrode, de-
water pipe in direct contact with the earth for 3.0 m (10 ft)scribed in 250.52(A)(3), in the grounding electrode system
or more (including any metal well casing effectively bondedfor buildings or structures having a concrete footing or foun-
to the pipe) and electrically continuous (or made electricallydation with not less than 20 ft of surface area in direct contact
continuous by bonding around insulating joints or insulatingwith the earth. This requirement applies to all buildings and
pipe) to the points of connection of the grounding electrodestructures with a foundation and/or footing having 20 ft or
conductor and the bonding conductors. Interior metal watermore of 1⁄2 in. or greater electrically conductive reinforcing
piping located more than 1.52 m (5 ft) from the point ofsteel or 20 ft or more of bare copper not smaller than 4 AWG.
entrance to the building shall not be used as a part of theHowever, an exception does exempt existing buildings and
grounding electrode system or as a conductor to interconnectstructures where access to the concrete-encased electrode
electrodes that are part of the grounding electrode system.
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250.52 Article 250 — Grounding and Bonding

Exception: In industrial and commercial buildings or struc- (2) The structural metal frame is bonded to one or more of
the grounding electrodes as defined in 250.52(A)(1),tures where conditions of maintenance and supervision en-

sure that only qualified persons service the installation, (A)(3), or (A)(4)
(3) The structural metal frame is bonded to one or more ofinterior metal water piping located more than 1.52 m (5 ft)

from the point of entrance to the building shall be permitted the grounding electrodes as defined in 250.52(A)(5) or
(A)(6) that comply with 250.56, oras a part of the grounding electrode system or as a conductor

to interconnect electrodes that are part of the grounding (4) Other approved means of establishing a connection to
earth.electrode system, provided that the entire length, other than

short sections passing perpendicular through walls, floors,
or ceilings, of the interior metal water pipe that is being The 2005NEC revision to 250.52(A)(2) provides four means
used for the conductor is exposed. by which the metal frame of a building or structure can be

judged suitable for use as a grounding electrode. This revi-
sion defines what is considered to be effectively groundedThe effectiveness of underground water piping as a ground-

ing electrode for electrical systems has long been recognized, as applied to the metal frame of a building. The metal frame
of the building can be considered an electrode through 10but in the early years of the NEC concerns over the effect

of electric current on metal water piping created some uncer- ft of direct contact with the earth or through connection
to one of the electrode types described in 250.52(A)(1),tainty as to whether metal water piping systems should be

used as grounding electrodes. To address those concerns, 250.52(A)(3), or 250.52(A)(4) or through connection to rod
or plate type electrodes that comply with the requirementthe electrical industry and the waterworks industry formed

a committee to evaluate the use of metal underground water of 250.56. If building steel is grounded through a connection
to an underground metal water pipe, replacement of thepiping systems as grounding electrodes. Based on its find-

ings, the committee issued an authoritative report on the water pipe with nonmetallic piping will result in the building
steel no longer being ‘‘effectively grounded.’’subject. The International Association of Electrical Inspec-

tors published the report, Interim Report of the American
Research Committee on Grounding, in January 1944 (re-
printed March 1949). (3) Concrete-Encased Electrode An electrode encased by

The National Institute of Standards and Technology at least 50 mm (2 in.) of concrete, located within and near
(NIST) has monitored the electrolysis of metal systems, the bottom of a concrete foundation or footing that is in
because current at a grounding electrode on dc systems can direct contact with the earth, consisting of at least 6.0 m
cause displacement of metal. The results of this monitoring (20 ft) of one or more bare or zinc galvanized or other
have shown that problems are minimal. electrically conductive coated steel reinforcing bars or rods

The last sentence of 250.52(A)(1) prohibits the use of of not less than 13 mm (1⁄2 in.) in diameter, or consisting of
that portion of the interior metal water piping system that at least 6.0 m (20 ft) of bare copper conductor not smaller
extends more than 5 ft beyond the point of entrance into than 4 AWG. Reinforcing bars shall be permitted to be
the building to interconnect grounding electrodes and the bonded together by the usual steel tie wires or other effective
grounding electrode conductor, because there are concerns means.
over the use of nonmetallic piping or fittings causing an
interruption in the interior electrical continuity of the metal Exhibit 250.22 shows an example of a concrete-encased
water piping. The exception to 250.52(A)(1), however, per- electrode.
mits this practice, provided there is qualified maintenance
and the entire length of the water piping used as an electrode
is exposed. This 5-ft limit also applies to the replacement (4) Ground Ring A ground ring encircling the building or
of nongrounding receptacles with grounding-type or branch- structure, in direct contact with the earth, consisting of at
circuit extensions in accordance with 250.130(C). See the least 6.0 m (20 ft) of bare copper conductor not smaller than
commentary following 250.130(C) and the illustration that 2 AWG.
accompanies that commentary, Exhibit 250.49.

(5) Rod and Pipe Electrodes Rod and pipe electrodes shall
not be less than 2.5 m (8 ft) in length and shall consist of(2) Metal Frame of the Building or Structure The metal
the following materials.frame of the building or structure, where any of the following

methods are used to make an earth connection: (a) Electrodes of pipe or conduit shall not be smaller
than metric designator 21 (trade size 3⁄4) and, where of iron(1) 3.0 m (10 ft) or more of a single structural metal member

in direct contact with the earth or encased in concrete or steel, shall have the outer surface galvanized or otherwise
metal-coated for corrosion protection.that is in direct contact with the earth
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250.53Article 250 — Grounding and Bonding

used, each electrode of one grounding system (including
that used for air terminals) shall not be less than 1.83 m (6
ft) from any other electrode of another grounding system.
Two or more grounding electrodes that are effectively
bonded together shall be considered a single grounding elec-
trode system.

(C) Bonding Jumper The bonding jumper(s) used to con-
nect the grounding electrodes together to form the grounding
electrode system shall be installed in accordance with
250.64(A), (B), and (E), shall be sized in accordance with
250.66, and shall be connected in the manner specified in
250.70.

4 AWG or larger bare copper 
conductor or steel reinforcing 
bar or rod not less than ¹⁄₂-in. 
diameter at least 20 ft long

Grounding electrode 
conductor

Nonmetallic protective 
sleeve 

Connection listed 
for the purpose

Foundation in direct 
contact with earth

2 in. min.

(D) Metal Underground Water Pipe Where used as a
Exhibit 250.22 A concrete-encased electrode. grounding electrode, metal underground water pipe shall

meet the requirements of 250.53(D)(1) and (D)(2).

(1) Continuity Continuity of the grounding path or the
(b) Electrodes of rods of iron or steel shall be at least

bonding connection to interior piping shall not rely on water
15.87 mm (5⁄8 in.) in diameter. Stainless steel rods less than

meters or filtering devices and similar equipment.
16 mm (5⁄8 in.) in diameter, nonferrous rods, or their equiva-
lent shall be listed and shall not be less than 13 mm (1⁄2 in.) (2) Supplemental Electrode Required A metal under-
in diameter. ground water pipe shall be supplemented by an additional

electrode of a type specified in 250.52(A)(2) through (A)(7).
(6) Plate Electrodes Each plate electrode shall expose not Where the supplemental electrode is a rod, pipe, or plate
less than 0.186 m2 (2 ft2) of surface to exterior soil. Elec- type, it shall comply with 250.56. The supplemental elec-
trodes of iron or steel plates shall be at least 6.4 mm (1⁄4 in.) trode shall be permitted to be bonded to the grounding
in thickness. Electrodes of nonferrous metal shall be at least electrode conductor, the grounded service-entrance conduc-
1.5 mm (0.06 in.) in thickness. tor, the nonflexible grounded service raceway, or any

grounded service enclosure.(7) Other Local Metal Underground Systems or Struc-
tures Other local metal underground systems or structures Exception: The supplemental electrode shall be permitted
such as piping systems, underground tanks, and underground to be bonded to the interior metal water piping at any conve-
metal well casings that are not effectively bonded to a metal nient point as covered in 250.52(A)(1), Exception.
water pipe.

Section 250.53(D)(2) specifically requires that rod, pipe, or(B) Electrodes Not Permitted for Grounding The follow-
plate electrodes used to supplement metal water piping being shall not be used as grounding electrodes:
installed in accordance with 250.56. This requirement clari-

(1) Metal underground gas piping system fies that the supplemental electrode system must be installed
(2) Aluminum electrodes as if it were the sole grounding electrode for the system. If

25 ohms or less of earth resistance cannot be achieved withFPN: See 250.104(B) for bonding requirements of gas
piping. one rod, pipe, or plate, another electrode (other than the

metal piping that is being supplemented) must be provided.
250.53 Grounding Electrode System Installation One of the permitted methods of bonding a supplemental

grounding electrode conductor to the primary electrode sys-
FPN: See 547.9 and 547.10 for special grounding and tem is to connect it to the service enclosure.
bonding requirements for agricultural buildings.

The requirement to supplement the metal water pipe is
based on the practice of using a plastic pipe for replacement(A) Rod, Pipe, and Plate Electrodes Where practicable,
when the original metal water pipe fails. This type of replace-rod, pipe, and plate electrodes shall be embedded below
ment leaves the system without a grounding electrode unlesspermanent moisture level. Rod, pipe, and plate electrodes
a supplemental electrode is provided.shall be free from nonconductive coatings such as paint or

enamel.

(E) Supplemental Electrode Bonding Connection Size(B) Electrode Spacing Where more than one of the elec-
trodes of the type specified in 250.52(A)(5) or (A)(6) are Where the supplemental electrode is a rod, pipe, or plate
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250.54 Article 250 — Grounding and Bonding

electrode, that portion of the bonding jumper that is the sole
connection to the supplemental grounding electrode shall
not be required to be larger than 6 AWG copper wire or 4
AWG aluminum wire.

Section 250.53(E) correlates with 250.52(A)(5) or
250.52(A)(6) and with 250.66(A). For example, if a metal
underground water pipe or the metal frame of the building
or structure is used as the grounding electrode or as part of
the grounding electrode system, Table 250.66 must be used
for sizing the grounding electrode conductor. The size of
the grounding electrode conductor or bonding jumper for
ground rod or pipe or for plate electrodes between the service
equipment and the electrodes is not required to be larger
than 6 AWG copper or 4 AWG aluminum.

(F) Ground Ring The ground ring shall be buried at a depth
below the earth’s surface of not less than 750 mm (30 in.).

(G) Rod and Pipe Electrodes The electrode shall be in-
stalled such that at least 2.44 m (8 ft) of length is in contact

Grounding electrode
conductors

All clamps
suitable for

direct burial or
exothermic weld

Rock bottom

8 ft

2¹⁄₂ ft

Maximum
45° angle

with the soil. It shall be driven to a depth of not less than
2.44 m (8 ft) except that, where rock bottom is encountered, Exhibit 250.23 Installation requirements for rod and pipe elec-
the electrode shall be driven at an oblique angle not to trodes as specified by 250.53(G).
exceed 45 degrees from the vertical or, where rock bottom
is encountered at an angle up to 45 degrees, the electrode
shall be permitted to be buried in a trench that is at least

the electrode bonding requirements of 250.50 or 250.53(C)
750 mm (30 in.) deep. The upper end of the electrode shall

or the resistance requirements of 250.56, but the earth shall
be flush with or below ground level unless the aboveground

not be used as an effective ground-fault current path as
end and the grounding electrode conductor attachment are

specified in 250.4(A)(5) and 250.4(B)(4).
protected against physical damage as specified in 250.10.

Grounding electrodes, such as ground rods, that are con-
All rod and pipe electrodes must have at least 8 ft of length

nected to equipment are not permitted to be used in lieu of
in contact with the soil, regardless of rock bottom. Where

the equipment grounding conductor, but they may be used
rock bottom is encountered, the electrodes must either be

for supplementary protection at electrical equipment loca-
driven at not more than a 45-degree angle or buried in a

tions. For example, grounding electrodes may be used for
21⁄2-ft-deep trench. It should be noted that driving the rod

lightning protection or to establish a reference to ground in
at an angle is permitted only if it is not possible to drive

the area of electrically operated equipment. Sections
the rod vertically to obtain at least 8 ft of earth contact.

250.4(A)(5) and 250.4(B)(4) also specify that the earth not be
Burying the ground rod is permitted only if it is not possible

used as the sole equipment grounding conductor or effective
to drive the rod vertically or at an angle.

(ground) fault current path. Supplementary grounding elec-
Ground clamps used on buried electrodes must be listed

trodes are not required to be incorporated into the grounding
for direct earth burial. Ground clamps installed aboveground

electrode system for the service or other source of electrical
must be protected where subject to physical damage. Exhibit

supply.
250.23 illustrates these requirements.

250.56 Resistance of Rod, Pipe,(H) Plate Electrode Plate electrodes shall be installed not
less than 750 mm (30 in.) below the surface of the earth. and Plate Electrodes

A single electrode consisting of a rod, pipe, or plate that
250.54 Supplementary Grounding Electrodes does not have a resistance to ground of 25 ohms or less

shall be augmented by one additional electrode of any ofSupplementary grounding electrodes shall be permitted to
be connected to the equipment grounding conductors speci- the types specified by 250.52(A)(2) through (A)(7). Where

multiple rod, pipe, or plate electrodes are installed to meetfied in 250.118 and shall not be required to comply with
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250.64Article 250 — Grounding and Bonding

the requirements of this section, they shall not be less than
1.8 m (6 ft) apart.

FPN: The paralleling efficiency of rods longer than 2.5 m
(8 ft) is improved by spacing greater than 1.8 m (6 ft).

A supplemental rod, pipe, or plate electrode must be spaced
at least 6 ft from any other rod, pipe, and plate electrode.
See Exhibit 250.24.

The resistance to ground of a driven grounding electrode
can be measured by a ground tester used in the manner
shown in Exhibit 250.25.

3-terminal
tester

X P C

4-terminal tester 
(jumper installed)

C1

P1

C2

P2

Ground rod
under test

Reference
ground rods

*120 ft, for example

0.6 D

D *

Exhibit 250.25 The resistance to ground of a ground rod being
measured by a ground tester.

in lieu of the grounding electrodes required by 250.50 for
grounding wiring systems and equipment. This provision
shall not prohibit the required bonding together of grounding
electrodes of different systems.

FPN No. 1: See 250.106 for spacing from air terminals.
See 800.100(D), 810.21(J), and 820.100(D) for bonding
of electrodes.
FPN No. 2: Bonding together of all separate grounding

Clamps suitable
for direct burial
or exothermic weld

Not less
than 6 ft

8 ft

electrodes will limit potential differences between them
and between their associated wiring systems.

Exhibit 250.24 The 6-ft spacing between electrodes required
by 250.53(B) and 250.56. 250.62 Grounding Electrode

Conductor Material
250.58 Common Grounding Electrode The grounding electrode conductor shall be of copper, alumi-

num, or copper-clad aluminum. The material selected shallWhere an ac system is connected to a grounding electrode
be resistant to any corrosive condition existing at the installa-in or at a building or structure, the same electrode shall be
tion or shall be suitably protected against corrosion. Theused to ground conductor enclosures and equipment in or
conductor shall be solid or stranded, insulated, covered, oron that building or structure. Where separate services, feed-
bare.ers, or branch circuits supply a building and are required to be

connected to a grounding electrode(s), the same grounding
250.64 Grounding Electrodeelectrode(s) shall be used.

Two or more grounding electrodes that are effectively Conductor Installation
bonded together shall be considered as a single grounding Grounding electrode conductors shall be installed as speci-
electrode system in this sense. fied in 250.64(A) through (F).

250.60 Use of Air Terminals (A) Aluminum or Copper-Clad Aluminum Conductors
Bare aluminum or copper-clad aluminum grounding conduc-Air terminal conductors and driven pipes, rods, or plate

electrodes used for grounding air terminals shall not be used tors shall not be used where in direct contact with masonry
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250.64 Article 250 — Grounding and Bonding

electrical equipment. Section 250.64(C) permits splicing aor the earth or where subject to corrosive conditions. Where
used outside, aluminum or copper-clad aluminum grounding wire-type grounding electrode conductor with irreversible

compression-type fittings specifically listed as groundingconductors shall not be terminated within 450 mm (18 in.)
of the earth. equipment or by exothermic welding. These methods create

connections that are equated to have the same permanency
(B) Securing and Protection Against Physical Damage as an unspliced conductor. This section also recognizes the
Where exposed, a grounding electrode conductor or its en- normal bolted connections between sections of busbar that
closure shall be securely fastened to the surface on which it are joined to form the grounding electrode conductor.
is carried. A 4 AWG or larger copper or aluminum grounding A new method for connecting sections of the grounding
electrode conductor shall be protected where exposed to electrode conductor is recognized in the 2005 Code. A se-
physical damage. A 6 AWG grounding electrode conductor curely fastened section of copper or aluminum busbar, not
that is free from exposure to physical damage shall be permit- less than 1⁄4 in. thick by 2 in. wide (the length can be whatever
ted to be run along the surface of the building construction is necessary to make the connections), is permitted as a
without metal covering or protection where it is securely connection point for multiple grounding electrode conduc-
fastened to the construction; otherwise, it shall be in rigid tors or for bonding jumpers that are used to bond multiple
metal conduit, intermediate metal conduit, rigid nonmetallic grounding electrodes together. The connection of the wire
conduit, electrical metallic tubing, or cable armor. Grounding to the busbar must be via an exothermic weld or by a listed
electrode conductors smaller than 6 AWG shall be in rigid connector that is attached to the busbar using the typical
metal conduit, intermediate metal conduit, rigid nonmetallic bolted connection.
conduit, electrical metallic tubing, or cable armor.

(D) Grounding Electrode Conductor Taps Where a ser-See 250.64(E) for additional information on situations in
vice consists of more than a single enclosure as permittedwhich raceways enclose the grounding electrode conductor.
in 230.71(A), it shall be permitted to connect taps to theAlso see the commentary following 250.92(A)(3) and the
common grounding electrode conductor. Each such tap con-illustration that accompanies that commentary, Exhibit
ductor shall extend to the inside of each such enclosure. The250.32, for installation requirements for metal raceways used
common grounding electrode conductor shall be sized into install and physically protect the grounding electrode
accordance with 250.66, based on the sum of the circular milconductor(s).
area of the largest ungrounded service entrance conductors.
Where more than one set of service entrance conductors as
permitted by 230.40, Exception No. 2 connect directly to a(C) Continuous Grounding electrode conductor(s) shall be
service drop or lateral, the common grounding electrodeinstalled in one continuous length without a splice or joint
conductor shall be sized in accordance with Table 250.66except as permitted in (1) through (4):
Note 1. The tap conductors shall be permitted to be sized
in accordance with the grounding electrode conductors spec-(1) Splicing shall be permitted only by irreversible com-

pression-type connectors listed as grounding and bond- ified in 250.66 for the largest conductor serving the respec-
tive enclosures. The tap conductors shall be connected toing equipment or by the exothermic welding process.

(2) Sections of busbars shall be permitted to be connected the common grounding electrode conductor in such a manner
that the common grounding electrode conductor remainstogether to form a grounding electrode conductor.

(3) Bonding jumper(s) from grounding electrode(s) and without a splice or joint.
grounding electrode conductor(s) shall be permitted to
be connected to an aluminum or copper busbar not less Grounding electrode (tap) conductors must be sized using
than 6 mm � 50 mm (1⁄4 in. � 2 in.). The busbar Table 250.66 and are based on the size of the largest phase
shall be securely fastened and shall be installed in an conductor serving each service disconnecting means enclo-
accessible location. Connections shall be made by a sure. The main grounding electrode conductor from which
listed connector or by the exothermic welding process. the taps are made is sized from Table 250.66 based on the

(4) Where aluminum busbars are used, the installation shall sum of the cross-sectional areas of the largest ungrounded
comply with 250.64(A). service-entrance conductors or equivalent cross-sectional

area for parallel conductors that supply the multiple service
disconnecting means. As illustrated in Exhibit 250.26, theAlthough an infrequent occurrence, there are conditions

under which it may be necessary to splice the grounding tap method eliminates the difficulties found in looping
grounding electrode conductors from one enclosure to an-electrode conductor, such as in the case of a remodeling

project within a building or the replacement of existing other. The 2 AWG grounding electrode conductor (based
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250.64Article 250 — Grounding and Bonding

Bonding jumpers installed to ensure the electrical continuity
of ferrous metal enclosures must be sized in accordance with
250.102(C). Exhibit 250.32, which appears in the commen-
tary following 250.92(A)(3), shows the bonding of a ferrous
metal raceway to a grounding electrode conductor at both
ends to ensure that the raceway and conductor are in parallel.

(F) To Electrode(s) A grounding electrode conductor shall
be permitted to be run to any convenient grounding electrode
available in the grounding electrode system, or to one or
more grounding electrode(s) individually, or to the aluminum
or copper busbar as permitted in 250.64(C). The grounding
electrode conductor shall be sized for the largest grounding
electrode conductor required among all the electrodes con-
nected to it.

Exhibit 250.27 shows an example of a grounding electrode
system. The single grounding electrode conductor is permit-
ted to run ‘‘to any convenient grounding electrode avail-
able,’’ and the other electrodes are connected together using

350-kcmil Cu service-
entrance conductors

3 AWG Cu 3/0 AWG Cu

8 AWG Cu tap 4 AWG Cu tap

Neutral

2 AWG Cu grounding electrode conductor sized
for 350-kcmil service entrance conductors

bonding jumpers sized in accordance with 250.66. For the
2005 Code, a permitted alternative to running the grounding

Exhibit 250.26 The tap method of connecting grounding elec-
trode conductors from one enclosure to another.

on the 350-kcmil ungrounded conductor) shown in Exhibit
250.26 is required to be installed without a splice or joint,
except as permitted in 250.64(C), and the 8 AWG and 4
AWG taps are sized from Table 250.66 based on the size
of the ungrounded conductor serving the respective service
disconnecting means.

(E) Enclosures for Grounding Electrode Conductors
Ferrous metal enclosures for grounding electrode conductors
shall be electrically continuous from the point of attachment
to cabinets or equipment to the grounding electrode and
shall be securely fastened to the ground clamp or fitting.
Nonferrous metal enclosures shall not be required to be
electrically continuous. Ferrous metal enclosures that are
not physically continuous from cabinets or equipment to the
grounding electrode shall be made electrically continuous
by bonding each end of the raceway or enclosure to the
grounding electrode conductor. Bonding shall apply at each
end and to all intervening ferrous raceways, boxes, and
enclosures between the service equipment and the grounding
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F

F

Metal water 
pipe

Concrete-encased 
electrode

Ground ringGround rod

Bonding
jumper

Main 
bonding
jumper

Bonding
jumper

Bonding
jumper

Service 
equipment

Grounding
electrode 
conductor

Bolted, riveted, or welded

electrode. The bonding jumper for a grounding electrode
conductor raceway or cable armor shall be the same size as,

Exhibit 250.27 An example of running the grounding electrodeor larger than, the required enclosed grounding electrode
conductor to any convenient electrode available as well as bond-

conductor. Where a raceway is used as protection for a ing electrodes together to form the grounding electrode system
grounding electrode conductor, the installation shall comply required by 250.50.
with the requirements of the appropriate raceway article.
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250.66 Article 250 — Grounding and Bonding

Solutionelectrode conductor to an electrode is to run it to a busbar
used as a connection point for bonding jumpers from multi- STEP 1. Using Table 8 in Chapter 9, calculate the total circu-

lar mil area of both grounded service conductors.ple electrodes that form the grounding electrode system. See
the commentary on 250.64(C) for more information on this

3 AWG � 52,620 circular mils
method.

3/0 AWG � 167,800 mills
Total area � 220,420 circular mils

250.66 Size of Alternating-Current Grounding
From Table 8, the next larger standard size is 250 kcmil.Electrode Conductor
STEP 2. Use Table 250.66 to size the grounding electrodeThe size of the grounding electrode conductor of a grounded
conductor. According to the fourth row, ‘‘Over 3/0 throughor ungrounded ac system shall not be less than given in
350,’’ the size should be 2 AWG copper or 1/0 AWG alumi-Table 250.66, except as permitted in 250.66(A) through (C).
num.

FPN: See 250.24(C) for size of ac system conductor
Note that the taps to the grounding electrode conductorbrought to service equipment.

from each service disconnecting means enclosure in Exhibit
250.28 are sized from Table 250.66 based on the size of theTable 250.66 Grounding Electrode Conductor for

Alternating-Current Systems service-entrance conductors supplying the enclosures.

Size of Largest Ungrounded
Service-Entrance Conductor or Size of Grounding

Equivalent Area for Parallel Electrode Conductor
Conductorsa (AWG/kcmil) (AWG/kcmil)

Aluminum or Aluminum or
Copper-Clad Copper-Clad

Copper Aluminum Copper Aluminumb

2 or smaller 1/0 or smaller 8 6

1 or 1/0 2/0 or 3/0 6 4

2/0 or 3/0 4/0 or 250 4 2

Over 3/0 through Over 250 2 1/0
350 through 500

Over 350 Over 500 1/0 3/0
through 600 through 900

Over 600 Over 900 2/0 4/0
through 1100 through 1750

Over 1100 Over 1750 3/0 250

3 AWG Cu 3/0 AWG Cu

8 AWG Cu tap 4 AWG Cu tap

2 AWG Cu grounding electrode conductor sized for 
circular mil area of service-entrance conductors

Neutral

Service
drop

Notes:
1. Where multiple sets of service-entrance conductors are used as
permitted in 230.40, Exception No. 2, the equivalent size of the largest Exhibit 250.28 A grounding electrode conductor with multiple
service-entrance conductor shall be determined by the largest sum of sets of service conductors, sized according to Table 250.66,
the areas of the corresponding conductors of each set. Note 1.
2. Where there are no service-entrance conductors, the grounding elec-
trode conductor size shall be determined by the equivalent size of the
largest service-entrance conductor required for the load to be served.

(A) Connections to Rod, Pipe, or Plate Electrodes WhereaThis table also applies to the derived conductors of separately derived
the grounding electrode conductor is connected to rod, pipe,ac systems.

bSee installation restrictions in 250.64(A). or plate electrodes as permitted in 250.52(A)(5) or (A)(6),
that portion of the conductor that is the sole connection to
the grounding electrode shall not be required to be larger

Example than 6 AWG copper wire or 4 AWG aluminum wire.
Apply the sizing requirements in Table 250.66 to Exhibit

(B) Connections to Concrete-Encased Electrodes Where250.28 to determine the size of the grounding electrode
the grounding electrode conductor is connected to a con-conductor.
crete-encased electrode as permitted in 250.52(A)(3), that
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250.68Article 250 — Grounding and Bonding

portion of the conductor that is the sole connection to the conductors larger than required by 250.66 is certainly not
grounding electrode shall not be required to be larger than prohibited.
4 AWG copper wire.

(C) Connections to Ground Rings Where the grounding 250.68 Grounding Electrode Conductor and
electrode conductor is connected to a ground ring as permit- Bonding Jumper Connection to Grounding
ted in 250.52(A)(4), that portion of the conductor that is Electrodes
the sole connection to the grounding electrode shall not be
required to be larger than the conductor used for the ground (A) Accessibility The connection of a grounding electrode
ring. conductor or bonding jumper to a grounding electrode shall

be accessible.
As illustrated in Exhibit 250.29, where a grounding electrode

Exception No. 1: An encased or buried connection to aconductor is run from the service equipment or separately
concrete-encased, driven, or buried grounding electrodederived system to a water pipe or structural metal building
shall not be required to be accessible.member and from that point to one of the electrodes men-
Exception No. 2: An exothermic or irreversible compressiontioned in 250.66(A), that portion of the grounding electrode
connection to fire-proofed structural metal shall not be re-between the service equipment or separately derived system
quired to be accessible.and the water pipe or structural metal building member must

be a full-size conductor, per Table 250.66. If the grounding
electrode conductor from the service equipment was run, Where the exposed portion of an encased, driven, or buried
for example, to the ground rod first and then to the water electrode is used for the termination of a grounding electrode
pipe, the conductor to the ground rod would also have to conductor, the terminations must be accessible. However, if
be full size, per Table 250.66. Note that Exhibit 250.29 is the connection is buried or encased, terminations are not
not intended to show the physical routing and connection required to be accessible. Ground clamps and other connec-
of the bonding jumpers. The sizes for the bonding jumpers tors suitable for use where buried in earth or embedded in
to the ground rod and the concrete-encased electrode shown concrete must be listed for such use, either by a marking
in Exhibit 250.29 are the maximum sizes required by the on the connector or by a tag attached to the connector.
Code. The use of bonding jumpers or grounding electrode See Exhibit 250.22 and Exhibit 250.24 for illustrations of

encased and buried electrodes. For the 2005 Code, an excep-
tion has been added to permit connections to fireproofed
structural steel to be encapsulated by the fireproofing mate-
rial. Because these connections are not required to be accessi-
ble for inspection, the method of connection to the structural
member must be either an exothermic weld or an irreversible
compression connector. This new exception recognizes the
importance of maintaining the integrity of the structural
fireproofing.

(B) Effective Grounding Path The connection of a
grounding electrode conductor or bonding jumper to a
grounding electrode shall be made in a manner that will
ensure a permanent and effective grounding path. Where
necessary to ensure the grounding path for a metal piping
system used as a grounding electrode, effective bonding
shall be provided around insulated joints and around any
equipment likely to be disconnected for repairs or replace-
ment. Bonding conductors shall be of sufficient length to
permit removal of such equipment while retaining the integ-
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Neutral

Underground metal 
water pipe

Ground rod

Ground ring

Concrete-encased 
electrode

Service 
equipment

4 AWG Cu

Building
steel

3/0 AWG
ungrounded
service entrance
conductors

Required to be not 
less than 2 AWG Cu

Not less than 
ground ring 
conductor size

4 AWG Cu grounding 
electrode conductor

Not required to be
larger than 4 AWG Cu

Not required 
to be larger 
than 
6 AWG Cu

rity of the bond.

Exhibit 250.29 Grounding electrode conductor and bonding
Examples of equipment likely to be disconnected for repairsjumpers sized in accordance with 250.66 for a service supplied

by 3/0 AWG ungrounded conductors. or replacement are water meters and water filter systems.

National Electrical Code Handbook 2005 215

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



250.70 Article 250 — Grounding and Bonding

250.70 Methods of Grounding and Bonding
Conductor Connection to Electrodes
The grounding or bonding conductor shall be connected to
the grounding electrode by exothermic welding, listed lugs,
listed pressure connectors, listed clamps, or other listed
means. Connections depending on solder shall not be used.
Ground clamps shall be listed for the materials of the ground-
ing electrode and the grounding electrode conductor and,
where used on pipe, rod, or other buried electrodes, shall
also be listed for direct soil burial or concrete encasement.
Not more than one conductor shall be connected to the
grounding electrode by a single clamp or fitting unless the
clamp or fitting is listed for multiple conductors. One of the
following methods shall be used:

U-bolt ground 
clamp

2-4-6

(1) A pipe fitting, pipe plug, or other approved device
screwed into a pipe or pipe fitting Exhibit 250.31 An application of a listed U-bolt ground clamp.

(2) A listed bolted clamp of cast bronze or brass, or plain
or malleable iron

electrode conductor sizes. Where grounding electrode con-(3) For indoor telecommunications purposes only, a listed
ductors are run in conduit, conduit hubs may be bolted tosheet metal strap-type ground clamp having a rigid metal
the threaded portion of the U-bolt.base that seats on the electrode and having a strap of

such material and dimensions that it is not likely to
stretch during or after installation

IV. Enclosure, Raceway, and Service(4) An equally substantial approved means
Cable Grounding

Where a ground clamp is used and terminates, for example, 250.80 Service Raceways and Enclosures
on a galvanized water pipe, the clamp must be of a material Metal enclosures and raceways for service conductors and
that is compatible with steel, to prevent galvanic corrosion. equipment shall be grounded.
The same type of compatibility requirement applies to

Exception: Ametal elbow that is installed in an undergroundground clamps on copper water pipe.
installation of rigid nonmetallic conduit and is isolated fromExhibit 250.30 shows a listed ground clamp generally
possible contact by a minimum cover of 450 mm (18 in.) toused with 8 AWG through 4 AWG grounding electrode
any part of the elbow shall not be required to be grounded.conductors. Exothermic weld kits acceptable for this purpose

are commercially available.
Exhibit 250.31 shows a listed U-bolt ground clamp. The exception to 250.80 recognizes that metal sweep elbows

These clamps are available for all pipe sizes and all grounding are often installed in underground installations of rigid non-
metallic conduit. The metal elbows are installed because
nonmetallic elbows can be damaged by friction from the
pulling ropes used during conductor installation. The elbows
are isolated from physical contact by burying the entire
elbow at a depth not less than 18 in. below grade.

250.84 Underground Service Cable or Raceway
(A) Underground Service Cable The sheath or armor of
a continuous underground metal-sheathed or armored service
cable system that is bonded to the grounded underground
system shall not be required to be grounded at the building
or structure. The sheath or armor shall be permitted to be
insulated from the interior metal raceway conduit or piping.

Ground clamp

(B) Underground Service Raceway Containing CableExhibit 250.30 An application of a listed ground clamp.
An underground metal service raceway that contains a metal-
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250.92Article 250 — Grounding and Bonding

(1) The service raceways, cable trays, cablebus framework,sheathed or armored cable bonded to the grounded under-
ground system shall not be required to be grounded at the auxiliary gutters, or service cable armor or sheath except

as permitted in 250.84.building or structure. The sheath or armor shall be permitted
to be insulated from the interior metal raceway or piping. (2) All service enclosures containing service conductors,

including meter fittings, boxes, or the like, interposed
in the service raceway or armor.250.86 Other Conductor Enclosures

(3) Any metallic raceway or armor enclosing a groundingand Raceways
electrode conductor as specified in 250.64(B). BondingExcept as permitted by 250.112(I), metal enclosures and race-
shall apply at each end and to all intervening raceways,ways for other than service conductors shall be grounded.
boxes, and enclosures between the service equipment
and the grounding electrode.

Section 250.86 requires grounding, bonding, and ensured
electrical continuity of all enclosures and metal raceways.

Section 250.92(A)(3) is intended to clarify that where metalConnectors, couplings, or other similar fittings that perform
raceways, boxes, or enclosures contain a grounding electrodemechanical and electrical functions must ensure bonding
conductor, both ends of the raceway, box, or enclosure mustand grounding continuity between the fitting, the metal race-
be bonded to the grounding electrode conductor, as illus-way, and the enclosure. Metal enclosures must be grounded
trated in Exhibit 250.32. Bonding the raceway to the conduc-so that when a fault occurs between an ungrounded (hot)
tor reduces the impedance and minimizes the potentialconductor and ground, the potential difference between the
difference between the electrical equipment and ground. Itnon–current-carrying parts of the electrical installation is
should be noted that a change in 250.64(E) for the 2005minimized, thereby reducing the risk of shock.
Code requires bonding of only ferrous metal enclosures that
contain a grounding electrode conductor. See also 250.64(E)

Exception No. 1: Metal enclosures and raceways for con- and 250.102(A) for requirements covering the installation
ductors added to existing installations of open wire, knob of protective enclosures for grounding electrode conductors
and tube wiring, and nonmetallic-sheathed cable shall not and for materials permitted as bonding jumpers.
be required to be grounded where these enclosures or wiring
methods comply with (1) through (4) as follows:

(1) Do not provide an equipment ground
(2) Are in runs of less than 7.5 m (25 ft)
(3) Are free from probable contact with ground, grounded

metal, metal lath, or other conductive material
(4) Are guarded against contact by persons

Exception No. 2: Short sections of metal enclosures or race-
ways used to provide support or protection of cable assem-
blies from physical damage shall not be required to be
grounded.

Exception No. 3: A metal elbow shall not be required to be
grounded where it is installed in a nonmetallic raceway and
is isolated from possible contact by a minimum cover of 450
mm (18 in.) to any part of the elbow or is encased in not
less than 50 mm (2 in.) of concrete.

V. Bonding
250.90 General
Bonding shall be provided where necessary to ensure electri-
cal continuity and the capacity to conduct safely any fault
current likely to be imposed.
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Water pipe grounding 
electrode

Grounding electrode conductor

Grounding electrode 
conductor

Supply-side equipment
bonding jumper

Supply-side equipment
bonding jumper

Metal raceway

Grounded conductor terminal bar

Main bonding jumper

Equipment
grounding
terminal bar

250.92 Services
Exhibit 250.32 Bonding of a metal raceway that contains a

(A) Bonding of Services The non–current-carrying metal grounding electrode conductor to the conductor at both ends, as
parts of equipment indicated in 250.92(A)(1), (A)(2), and required by 250.64(E).
(A)(3) shall be effectively bonded together.
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250.92 Article 250 — Grounding and Bonding

(B) Method of Bonding at the Service Electrical continu-
ity at service equipment, service raceways, and service con-
ductor enclosures shall be ensured by one of the following
methods:

(1) Bonding equipment to the grounded service conductor
in a manner provided in 250.8

Exhibit 250.33 illustrates grounding and bonding at an indi-
vidual service. Exhibit 250.34 illustrates a grounding and
bonding arrangement for up to six switches (three are shown)
that serve as the service disconnecting means for an individ-
ual service. Section 250.24(C) clarifies that the grounded
service conductor must be run to each service disconnecting
means and be bonded to the disconnecting means enclosure.
Section 250.92(B)(1) permits the bonding of service equip-
ment enclosures to be accomplished by bonding the
grounded service conductor to the enclosure.

Neutral terminal block

Grounded service conductor

Supply-side equipment bonding jumper

Supply-side 
equipment 
bonding 
jumper

Main bonding 
jumpers

Grounding
electrode
conductor

Exhibit 250.34 A grounding and bonding arrangement for multi-
ple switches that serve as the service disconnecting means for
an individual service.

Note that method (4) in 250.92(B) requires other similar
devices, such as listed bonding-type locknuts or bushings.
Standard locknuts or sealing locknuts are not acceptable as
the ‘‘sole means’’ for bonding on the line side of service
equipment.

Grounding and bonding bushings for use with rigid or
intermediate metal conduit are provided with means (usually
one or more set screws that make positive contact with the
conduit) for reliably bonding the bushing and the conduit on
which it is threaded to the metal equipment enclosure or box.

Grounding bushings used with rigid or intermediate
metal conduit or with tubing (EMT) fittings, such as those
shown in Exhibits 250.35 and 250.36, have provisions for
connecting a bonding jumper or have means provided by
the manufacturer for use in mounting a wire connector. This
type of bushing may also have means (usually one or more
set screws) to reliably bond the bushing to the conduit.
Exhibit 250.37 shows a bonding-type wedge lug used to
connect a conduit to a box.

Grounded service 
conductor (neutral)

Metal raceway

Supply-side equipment
bonding jumper

Main bonding jumper

Grounding electrode 
conductor

Grounding electrode 
(system)
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Bonding jumpers meeting the other requirements of this
Exhibit 250.33 Grounding and bonding for a service with one article shall be used around concentric or eccentric knock-
disconnecting means. outs that are punched or otherwise formed so as to impair

the electrical connection to ground. Standard locknuts or
bushings shall not be the sole means for the bonding required
by this section.(2) Connections utilizing threaded couplings or threaded

bosses on enclosures where made up wrenchtight
(3) Threadless couplings and connectors where made up For an example of concentric and eccentric knockouts, see

tight for metal raceways and metal-clad cables the commentary following the definition of bonding jumper
(4) Other listed devices, such as bonding-type locknuts, in Article 100 and Exhibit 100.3.

bushings, or bushings with bonding jumpers
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250.94Article 250 — Grounding and Bonding

Exhibit 250.35 Grounding bushings used to connect a copper
bonding or grounding wire to conduits. (Courtesy of Thomas &
Betts Corp.)

Exhibit 250.37 A grounding wedge lug used to provide an electri-
cal connection between a conduit and a box. (Courtesy of
Thomas & Betts Corp.)

FPN No. 1: A 6 AWG copper conductor with one end
bonded to the grounded nonflexible metallic raceway or
equipment and with 150 mm (6 in.) or more of the other
end made accessible on the outside wall is an example
of the approved means covered in 250.94(3).

Other accessible external means for intersystem bonding
that comply with 250.94, FPN No. 1, are illustrated in Exhibit
250.38. On the left is an illustration of accessible means for
the connection. The illustration on the right shows a method
of providing the required bonding means when the pan-
elboard is a flush type.

Exhibit 250.36 A threaded grounding bushing with set screws
FPN No. 2: See 800.100, 810.21, and 820.100 for bond-used to ensure electrical and mechanical connection and a termi-
ing and grounding requirements for communications cir-nal for connection of a grounding conductor or bonding jumper.
cuits, radio and television equipment, and CATV circuits.

(Courtesy of Thomas & Betts Corp.)

An external accessible bonding means is equally important
250.94 Bonding for Other Systems for separate buildings and mobile homes. In these occupan-

cies, the disconnecting means enclosure on the load side ofAn accessible means external to enclosures for connecting
the service can be considered the equivalent of the serviceintersystem bonding and grounding electrode conductors
equipment for the purpose of intersystem bonding.shall be provided at the service equipment and at the discon-

The Code requires that separate systems be bondednecting means for any additional buildings or structures by
together to reduce the differences of potential between themat least one of the following means:
due to lightning or accidental contact with power lines.

(1) Exposed nonflexible metallic raceways Lightning protection systems, communications, radio and
(2) Exposed grounding electrode conductor TV, and CATV systems must be bonded together to minimize
(3) Approved means for the external connection of a copper the potential differences between the systems.

or other corrosion-resistant bonding or grounding con- Lack of interconnection can result in a severe shock
ductor to the grounded raceway or equipment
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250.94 Article 250 — Grounding and Bonding

Television

Utility service

Grounded
conductor

CATV
service

Service panel

Receptacles

Decoder
Potential
difference

Potential
difference

Potential
difference

Exhibit 250.39 A CATV installation that does not comply with
the Code, illustrating why bonding between different systems is
necessary.

Service
raceway 

Exterior 6 AWG copper conductor

Permitted
connection
point

Permitted
connection
point

N

N

Surface
panelboard

Grounding
electrode
conductor

Flush
panelboard

Exhibit 250.38 Examples of accessible external means for in-
tersystem bonding, as required by 250.94 for service equipment
and building or structure disconnecting means.

and fire hazard. The reason for this potential hazard is illus-
trated in Exhibit 250.39, which shows a CATV cable with
its jacket grounded to a separate ground rod and not bonded
to the power ground. The cable is connected to the cable
decoder and the tuner of a television set. Also connected to
the decoder and the television is the 120-volt supply, with
one conductor grounded at the service (the power ground).
In each case, resistance to ground is present at the grounding
electrode. This resistance to ground varies widely, depending
on soil conditions and the type of grounding electrode. The
resistance at the CATV ground is likely to be higher than
the power ground resistance, because the power ground is
often an underground metal water piping system or concrete-

Television

Utility service

Grounded
conductor

CATV
service

Service panel

Receptacles

Decoder

No
potential
difference

Bonding jumper

encased electrode, whereas the CATV ground is commonly
a ground rod.

Exhibit 250.40 A cable TV installation that complies with 250.94.For example, for the CATV installation shown in Exhibit
250.39, assume that a current is induced in the power line

According to Ohm’s law, the current through the equip-by a switching surge or a nearby lightning strike, so that a
momentary current of 1000 amperes occurs over the power ment connected to the electrical system will be raised mo-

mentarily to a potential of 10,000 volts (1000 amperes �line to the power line ground. This amount of current is not
unusual under such circumstances — the amount could be, 10 ohms). This potential of 10,000 volts would exist between

the CATV system and the electrical system and between theand often is, considerably higher. Also assume that the power
ground has a resistance of 10 ohms, a very low value in grounded conductor within the CATV cable and the

grounded surfaces in the walls of the home, such as watermost circumstances (a single ground rod in average soil has
a resistance to ground in the neighborhood of 40 ohms). pipes (which are connected to the power ground), over which
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250.97Article 250 — Grounding and Bonding

the cable runs. This potential could also appear across a non–current-carrying parts that are to serve as grounding
conductors, with or without the use of supplementary equip-person with one hand on the CATV cable and the other hand

on a metal surface connected to the power ground (e.g., a ment grounding conductors, shall be effectively bonded
where necessary to ensure electrical continuity and the ca-radiator or a refrigerator).

Actual voltage is likely to be many times the 10,000 pacity to conduct safely any fault current likely to be imposed
on them. Any nonconductive paint, enamel, or similar coat-volts calculated, because extremely low (below normal) val-

ues were assumed for both resistance to ground and current. ing shall be removed at threads, contact points, and contact
surfaces or be connected by means of fittings designed soMost insulation systems, however, are not designed to with-

stand even 10,000 volts. Even if the insulation system does as to make such removal unnecessary.
withstand a 10,000-volt surge, it is likely to be damaged, and

(B) Isolated Grounding Circuits Where required for thebreakdown of the insulation system will result in sparking.
reduction of electrical noise (electromagnetic interference)The same situation would exist if the current surge were
on the grounding circuit, an equipment enclosure suppliedon the CATV cable or a telephone line. The only difference
by a branch circuit shall be permitted to be isolated from awould be the voltage involved, which would depend on the
raceway containing circuits supplying only that equipmentindividual resistance to ground of the grounding electrodes.
by one or more listed nonmetallic raceway fittings locatedThe solution is to bond the two grounding electrode
at the point of attachment of the raceway to the equipmentsystems together, as shown in Exhibit 250.40, or to connect
enclosure. The metal raceway shall comply with provisionsthe CATV cable jacket to the power ground, which is exactly
of this article and shall be supplemented by an internalwhat the Code requires. When one system is raised above
insulated equipment grounding conductor installed in accor-ground potential, the second system rises to the same poten-
dance with 250.146(D) to ground the equipment enclosure.tial, and no voltage exists between the two grounding sys-

tems. FPN: Use of an isolated equipment grounding conductor
does not relieve the requirement for grounding the race-These bonding rules are provided to address the diffi-
way system.culties that communications and CATV installers encounter

in complying with Code grounding and bonding require-
ments. These difficulties arise from the increasing use of To reduce electromagnetic interference, 250.96(B) permits
plastic for water pipe, fittings, water meters, and service electronic equipment to be isolated from the raceway in a
conduit. In the past, bonding between communications, manner similar to that for cord-and-plug-connected equip-
CATV, and power systems was usually achieved by connect- ment. Section 250.96(B) specifies that a metal equipment
ing the communications protector grounds or cable shield enclosure supplied by a branch circuit is the subject of the
to an interior metallic water pipe, because the pipe was often requirement and that subsequent wiring, raceways, or other
used as the power grounding electrode. Thus, the require- equipment beyond the insulating fitting is not permitted.
ment that the power, communications, CATV cable shield, Exhibits 250.41 and 250.42 show examples of installa-
and metallic water piping systems be bonded together was tions. In Exhibit 250.41, note that the metal raceway is
easily satisfied. If the power was grounded to one of the grounded in the usual manner, by attachment to the grounded
other electrodes permitted by the Code, usually by a made service enclosure, satisfying the concern mentioned in the
electrode such as a ground rod, the bond was connected to FPN to 250.96(B). In Exhibit 250.42, note that 408.40, Ex-
the power grounding electrode conductor or to a metallic ception, permits, but does not require, the isolated equipment
service raceway, since at least one of these was usually grounding conductor (which is required to be insulated)
accessible. to pass through the subpanel and run back to the service

With the proliferation of plastic water pipe and the equipment. The key to this method of grounding electronic
increasing tendency for service equipment (often flush- equipment is to always ensure that the insulated equipment
mounted) to be installed in finished areas, where the ground- grounding conductor, regardless of where it terminates in
ing electrode conductor is often concealed, as well as the the distribution system, is connected in a manner that creates
increased use of plastic service-entrance conduit, communi- an effective path for ground-fault current, as required by
cations and CATV installers no longer have access to a point 250.4(A)(5).
for connecting bonding jumpers or grounding conductors.
See Exhibit 250.39 and also the commentary following

250.97 Bonding for Over 250 Volts820.100(D), FPN No. 2.
For circuits of over 250 volts to ground, the electrical conti-
nuity of metal raceways and cables with metal sheaths that

250.96 Bonding Other Enclosures contain any conductor other than service conductors shall
be ensured by one or more of the methods specified for(A) General Metal raceways, cable trays, cable armor,

cable sheath, enclosures, frames, fittings, and other metal services in 250.92(B), except for (B)(1).
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250.98 Article 250 — Grounding and Bonding

manent, reliable electrical bond, the following methods shall
be permitted:

(1) Threadless couplings and connectors for cables with
metal sheaths

(2) Two locknuts, on rigid metal conduit or intermediate
metal conduit, one inside and one outside of boxes and
cabinets

(3) Fittings with shoulders that seat firmly against the box
or cabinet, such as electrical metallic tubing connectors,
flexible metal conduit connectors, and cable connectors,
with one locknut on the inside of boxes and cabinets

(4) Listed fittings

Bonding around prepunched concentric or eccentric knock-
outs is not required if the enclosure containing the knockouts
has been tested and is listed as suitable for bonding. Guide
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raceway fitting

Isolated equipment 
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(insulation required)

card information from the UL General Information for Elec-
trical Equipment Directory (the UL ‘‘White Book’’) indi-

Exhibit 250.41 An installation in which the electronic equipment cates that concentric and eccentric knockouts of all metallic
is grounded through the isolated equipment grounding conductor. outlet boxes evaluated in accordance with UL 514A,Metallic

Outlet Boxes, are suitable for bonding in circuits of above
or below 250 volts to ground without the use of additional
bonding equipment. Metallic outlet boxes are permitted, but
not required, to be marked to indicate this condition of use.

The methods in items (1), (2), (3), and (4) in the excep-
tion to 250.97 are permitted for circuits over 250 volts to
ground only where there are no oversize, concentric, or
eccentric knockouts. Note that method (3) permits fittings,
such as EMT connectors, cable connectors, and similar fit-
tings with shoulders that seat firmly against the metal of a
box or cabinet, to be installed with only one locknut on the
inside of the box.

250.98 Bonding Loosely Jointed
Metal Raceways
Expansion fittings and telescoping sections of metal race-
ways shall be made electrically continuous by equipment
bonding jumpers or other means.

250.100 Bonding in Hazardous
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Metal raceway
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Subpanel

Listed nonmetallic raceway fitting
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equipment 
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conductor
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required)

(Classified) Locations
Exhibit 250.42 An installation in which the isolated equipment Regardless of the voltage of the electrical system, the electri-
grounding conductor is allowed to pass through the subpanel cal continuity of non–current-carrying metal parts of equip-
without connecting to the grounding bus to terminate at the ser- ment, raceways, and other enclosures in any hazardous
vice grounding bus.

(classified) location as defined in Article 500 shall be en-
sured by any of the methods specified in 250.92(B)(2)
through (B)(4) that are approved for the wiring method used.

Exception: Where oversized, concentric, or eccentric knock- One or more of these bonding methods shall be used whether
or not supplementary equipment grounding conductors areouts are not encountered, or where a box or enclosure with

concentric or eccentric knockouts is listed to provide a per- installed.
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250.104Article 250 — Grounding and Bonding

raceways or elbows installed in exposed risers of metal250.102 Equipment Bonding Jumpers
conduit or other metal raceway.(A) Material Equipment bonding jumpers shall be of cop-

per or other corrosion-resistant material. A bonding jumper
In many applications, equipment bonding jumpers must beshall be a wire, bus, screw, or similar suitable conductor.
installed on the outside of metal raceways and enclosures.

(B) Attachment Equipment bonding jumpers shall be For example, it would be impractical to install the bonding
attached in the manner specified by the applicable provisions jumper for a conduit expansion joint on the inside of the
of 250.8 for circuits and equipment and by 250.70 for conduit. For some metal raceway and rigid conduit systems
grounding electrodes. and conduit systems in hazardous (classified) locations, in-

stalling the bonding jumper where it is visible and accessible
(C) Size — Equipment Bonding Jumper on Supply Side for inspection and maintenance is desirable. An external
of Service The bonding jumper shall not be smaller than bonding jumper has a higher impedance than an internal
the sizes shown in Table 250.66 for grounding electrode bonding jumper, but by limiting the length of the bonding
conductors. Where the service-entrance phase conductors jumper to 6 ft and routing it with the raceway, the increase
are larger than 1100 kcmil copper or 1750 kcmil aluminum, in the impedance of the equipment grounding circuit is insig-
the bonding jumper shall have an area not less than 121⁄2 nificant. Exhibit 250.43 illustrates a bonding jumper run
percent of the area of the largest phase conductor except outside a length of flexible metal conduit. Because the func-
that, where the phase conductors and the bonding jumper tion of a bonding jumper is readily apparent, color identifica-
are of different materials (copper or aluminum), the mini- tion is permitted, but not required.
mum size of the bonding jumper shall be based on the
assumed use of phase conductors of the same material as
the bonding jumper and with an ampacity equivalent to that
of the installed phase conductors. Where the service-entrance
conductors are paralleled in two or more raceways or cables,
the equipment bonding jumper, where routed with the race-
ways or cables, shall be run in parallel. The size of the
bonding jumper for each raceway or cable shall be based
on the size of the service-entrance conductors in each race-
way or cable.

(D) Size — Equipment Bonding Jumper on Load Side
of Service The equipment bonding jumper on the load side
of the service overcurrent devices shall be sized, as a mini-
mum, in accordance with the sizes listed in Table 250.122,
but shall not be required to be larger than the largest un-
grounded circuit conductors supplying the equipment and
shall not be smaller than 14 AWG.

A single common continuous equipment bonding
jumper shall be permitted to bond two or more raceways or

Rigid metal conduit

Motor 
controller

M

60 A

30 A

Flexible metal conduit

10 AWG Cu bonding jumper 
conductor not more than 6 ft 
long run external, routed 
with the raceway

cables where the bonding jumper is sized in accordance with
Table 250.122 for the largest overcurrent device supplying Exhibit 250.43 A bonding jumper around the outside of a flexible
circuits therein. metal conduit.

(E) Installation The equipment bonding jumper shall be
250.104 Bonding of Piping Systems and Exposedpermitted to be installed inside or outside of a raceway or
Structural Steelenclosure. Where installed on the outside, the length of the

equipment bonding jumper shall not exceed 1.8 m (6 ft) (A) Metal Water Piping The metal water piping system
and shall be routed with the raceway or enclosure. Where shall be bonded as required in (A)(1), (A)(2), or (A)(3) of
installed inside of a raceway, the equipment bonding jumper this section. The bonding jumper(s) shall be installed in
shall comply with the requirements of 250.119 and 250.148. accordance with 250.64(A), (B), and (E). The points of

attachment of the bonding jumper(s) shall be accessible.
Exception: An equipment bonding jumper longer than 1.8
m (6 ft) shall be permitted at outside pole locations for the (1) General Metal water piping system(s) installed in or

attached to a building or structure shall be bonded to thepurpose of bonding or grounding isolated sections of metal
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250.104 Article 250 — Grounding and Bonding

service equipment enclosure, the grounded conductor at the tem(s) installed in or attached to a building or structure shall
be bonded to the building or structure disconnecting meansservice, the grounding electrode conductor where of suffi-

cient size, or to the one or more grounding electrodes used. enclosure where located at the building or structure, to the
equipment grounding conductor run with the supply conduc-The bonding jumper(s) shall be sized in accordance with

Table 250.66 except as permitted in 250.104(A)(2) and tors, or to the one or more grounding electrodes used. The
bonding jumper(s) shall be sized in accordance with 250.66,(A)(3).
based on the size of the feeder or branch circuit conductors
that supply the building. The bonding jumper shall not beBonding the metal water piping system of a building or
required to be larger than the largest ungrounded feeder orstructure is not the same as using the metal water piping
branch circuit conductor supplying the building.system as a grounding electrode. Bonding to the grounding

electrode system places the bonded components at the same (B) Other Metal Piping Where installed in or attached to
voltage level. For example, a current of 2000 amperes across a building or structure, metal piping system(s), including
25 ft of 6 AWG copper conductor produces a voltage differ- gas piping, that is likely to become energized shall be bonded
ential of approximately 26 volts. Sections 250.104(A)(1) to the service equipment enclosure, the grounded conductor
and 250.104(A)(3) require the metal water piping system of at the service, the grounding electrode conductor where of
a building or structure to be bonded to the service equipment sufficient size, or to the one or more grounding electrodes
or grounding electrode conductor or, where supplied by a used. The bonding jumper(s) shall be sized in accordance
feeder or branch circuit, to the building or structure discon- with 250.122, using the rating of the circuit that is likely to
necting means or grounding electrode conductor. Informa- energize the piping system(s). The equipment grounding
tion concerning bonding provisions for buildings with conductor for the circuit that is likely to energize the piping
multiple occupancies and isolated metal water piping sys- shall be permitted to serve as the bonding means. The points
tems is contained in the commentary for 250.104(A)(2). of attachment of the bonding jumper(s) shall be accessible.

In those cases where it cannot be reasonably concluded FPN: Bonding all piping and metal air ducts within the
that the hot and cold water pipes are reliably bonded through premises will provide additional safety.
mechanical connections, an electrical bonding jumper is re-
quired to ensure that this connection is made. Some judgment Unlike the metal piping systems covered in 250.104(A), this
must be exercised for each installation. The special installa- requirement applies only to metal piping systems that are
tion requirements provided in 250.64(A), 250.64(B), and likely to become energized. What this means is that where
250.64(E) also apply to the water piping bonding jumper. metal piping systems and electrical circuits interface through

mechanical and electrical connections within equipment, a
(2) Buildings of Multiple Occupancy In buildings of mul- failure of electrical insulation can result in the connected
tiple occupancy where the metal water piping system(s) piping system(s) becoming energized. Gas appliances are a
installed in or attached to a building or structure for the common example of metal gas piping and electrical circuits
individual occupancies is metallically isolated from all other being connected to a common piece of equipment, and in
occupancies by use of nonmetallic water piping, the metal this case the 250.104(B) requirements apply. The required
water piping system(s) for each occupancy shall be permitted bonding of these other piping systems can occur at the same
to be bonded to the equipment grounding terminal of the locations specified in 250.104(A), or an additional provision
panelboard or switchboard enclosure (other than service within this paragraph permits the equipment grounding con-
equipment) supplying that occupancy. The bonding jumper ductor of the circuit that is likely to energize the piping as
shall be sized in accordance with Table 250.122. the means for bonding the piping. Typically, the use of an

additional bonding jumper is not necessary to comply with
this requirement because the equipment grounding connec-Section 250.104(A)(2) recognizes that the increased use of
tion to the non–current-carrying metal parts of the appliancenonmetallic water piping mains can result in the interior
also provides a bonding connection to the metal pipingmetal piping system of a multiple-occupancy building to
attached to the appliance. This is a bonding requirement,be isolated from ground and from the other occupancies.
and the other piping is not being used as an electrode. There-Therefore, the water pipe is permitted to be bonded to the
fore, this requirement does not conflict with 250.52(B)(1),panelboard or switchboard that serves only that particular
which prohibits the use of metal underground gas piping asoccupancy. The bonding jumper, in this case, is permitted
a grounding electrode for electrical services or other sourcesto be sized according to Table 250.122, based on the size
of supply.of the main overcurrent device supplying the occupancy.

(C) Structural Metal Exposed structural metal that is in-(3) Multiple Buildings or Structures Supplied by a Feed-
er(s) or Branch Circuit(s) The metal water piping sys- terconnected to form a metal building frame and is not
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250.106Article 250 — Grounding and Bonding

intentionally grounded and is likely to become energized Exception No. 2: A separate bonding jumper to the building
structural metal shall not be required where the water pipingshall be bonded to the service equipment enclosure, the

grounded conductor at the service, the grounding electrode of a building or structure is used as the grounding electrode
for a separately derived system and is bonded to the buildingconductor where of sufficient size, or the one or more

grounding electrodes used. The bonding jumper(s) shall be structural metal in the area served by the separately derived
system.sized in accordance with Table 250.66 and installed in accor-

dance with 250.64(A), (B), and (E). The points of attachment
of the bonding jumper(s) shall be accessible. Section 250.104(D) requires that where a separately derived

system supplies the power, the metal piping system and the
exposed structural metal in the area supplied by the sepa-Section 250.104(C) requires exposed metal building frame-

work that is not intentionally or inherently grounded to be rately derived system must be bonded to the grounded con-
ductor at the point nearest the derived system and that thisbonded to the service equipment or grounding electrode

system. Revised for the 2005 Code, this requirement applies connection must be accessible. Where either of these two
building elements is used as the grounding electrode for theto all metal framework, not only to steel framework.
separately derived system, it is not necessary to provide an
additional bonding jumper.

(D) Separately Derived Systems Metal water piping sys- In addition, two new exceptions for the 2005 Code
tems and structural metal that is interconnected to form a permit the following approaches for bonding of metal piping
building frame shall be bonded to separately derived systems or metal structures to separately derived systems. Where the
in accordance with (D)(1) through (D)(3). building metal structure is used as the grounding electrode

for a separately derived system, it is permitted to install a
(1) Metal Water Piping System(s) The grounded conduc- bonding jumper between the metal structure and the water
tor of each separately derived system shall be bonded to the piping, thus eliminating the need to run a separate bonding
nearest available point of the metal water piping system(s) jumper from the separately derived system source or distri-
in the area served by each separately derived system. This bution equipment to the water piping. The same approach
connection shall be made at the same point on the separately can be taken for the structural metal where metal water
derived system where the grounding electrode conductor is piping is serving as the electrode for the separately derived
connected. Each bonding jumper shall be sized in accordance system and a bonding jumper is installed from the piping
with Table 250.66 based on the largest ungrounded conduc- to the metal framework in the area served by that system.
tor of the separately derived system. Any bonding jumper used for this application is sized from

250.66 based on the largest ungrounded supply conductorException No. 1: A separate bonding jumper to the metal
of the separately derived system.water piping system shall not be required where the metal

water piping system is used as the grounding electrode for
the separately derived system.

(3) Common Grounding Electrode Conductor Where a
Exception No. 2: A separate water piping bonding jumper common grounding electrode conductor is installed for mul-
shall not be required where the metal frame of a building or tiple separately derived systems as permitted by
structure is used as the grounding electrode for a separately 250.30(A)(4), and exposed structural metal that is intercon-
derived system and is bonded to the metal water piping in nected to form the building frame or interior metal piping
the area served by the separately derived system. exists in the area served by the separately derived system,

the metal piping and the structural metal member shall be(2) Structural Metal Where exposed structural metal that
bonded to the common grounding electrode conductor.is interconnected to form the building frame exists in the

area served by the separately derived system, it shall be Exception: A separate bonding jumper from each derived
bonded to the grounded conductor of each separately derived system to metal water piping and to structural metal mem-
system. This connection shall be made at the same point on bers shall not be required where the metal water piping and
the separately derived system where the grounding electrode the structural metal members in the area served by the
conductor is connected. Each bonding jumper shall be sized separately derived system are bonded to the common ground-
in accordance with Table 250.66 based on the largest un- ing electrode conductor.
grounded conductor of the separately derived system.

250.106 Lightning Protection SystemsException No. 1: A separate bonding jumper to the building
structural metal shall not be required where the metal frame The lightning protection system ground terminals shall

be bonded to the building or structure grounding electrodeof a building or structure is used as the grounding electrode
for the separately derived system. system.

National Electrical Code Handbook 2005 225

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

--```,,``,`,,,`,`,`,`,,,,,,`,,,-`-`,,`,,`,`,,`---



250.110 Article 250 — Grounding and Bonding

FPN No. 1: See 250.60 for use of air terminals. For as bolts and screws, if they are located so that they are notfurther information, see NFPA 780-2004, Standard for
likely to become energized.the Installation of Lightning Protection Systems, which

contains detailed information on grounding, bonding, and
spacing from lightning protection systems. VI. Equipment Grounding and
FPN No. 2: Metal raceways, enclosures, frames, and

Equipment Grounding Conductorsother non–current-carrying metal parts of electric equip-
ment installed on a building equipped with a lightning 250.110 Equipment Fastened in Place orprotection system may require bonding or spacing from

Connected by Permanent Wiring Methodsthe lightning protection conductors in accordance with
NFPA 780-2004, Standard for the Installation of Light- (Fixed)
ning Protection Systems. Separation from lightning pro-

Exposed non–current-carrying metal parts of fixed equip-tection conductors is typically 1.8 m (6 ft) through air
ment likely to become energized shall be grounded underor 900 mm (3 ft) through dense materials such as con-

crete, brick, or wood. any of the following conditions:

(1) Where within 2.5 m (8 ft) vertically or 1.5 m (5 ft)
Section 250.106 specifies that the grounding electrode sys- horizontally of ground or grounded metal objects and
tem of the lightning protection system be bonded to the subject to contact by persons
electrical service grounding electrode system, as shown in (2) Where located in a wet or damp location and not isolated
Exhibit 250.44. A similar requirement is found in 4.14 of (3) Where in electrical contact with metal
NFPA 780, Standard for the Installation of Lightning Protec- (4) Where in a hazardous (classified) location as covered
tion Systems. Additional bonding between the lightning pro- by Articles 500 through 517
tection system and the electrical system may be necessary (5) Where supplied by a metal-clad, metal-sheathed, metal-
based on proximity and whether separation between the raceway, or other wiring method that provides an equip-
systems is through air or building materials. ment ground, except as permitted by 250.86, Exception

FPN No. 2 to 250.106 references NFPA 780 for guid- No. 2, for short sections of metal enclosures
ance on determining the need for additional bonding connec- (6) Where equipment operates with any terminal at over
tions. Section 4.21.2 of NFPA 780 includes a method for 150 volts to ground
calculating flashover distances. Exception No. 1: Metal frames of electrically heated appli-

Exposed, non–current-carrying metal parts of fixed ances, exempted by special permission, in which case the
equipment that are not likely to become energized are not frames shall be permanently and effectively insulated from
required to be grounded. These parts include some metal ground.
nameplates on nonmetallic enclosures and small parts, such

Exception No. 2: Distribution apparatus, such as trans-
former and capacitor cases, mounted on wooden poles, at
a height exceeding 2.5 m (8 ft) above ground or grade level.

Exception No. 3: Listed equipment protected by a system
of double insulation, or its equivalent, shall not be required
to be grounded. Where such a system is employed, the equip-
ment shall be distinctively marked.

250.112 Fastened in Place or Connected by
Permanent Wiring Methods (Fixed) — Specific
Exposed, non–current-carrying metal parts of the kinds of
equipment described in 250.112(A) through (K), and
non–current-carrying metal parts of equipment and enclo-
sures described in 250.112(L) and (M), shall be grounded
regardless of voltage.

(A) Switchboard Frames and Structures Switchboard
frames and structures supporting switching equipment, ex-
cept frames of 2-wire dc switchboards where effectively

Air terminals

Lightning protection
system down
conductor

Lightning system
ground terminals
(3 rods)

Bonding required between
electrode systems

Electrical service
grounding electrode
system

insulated from ground.

Exhibit 250.44 Bonding between the lightning system ground
Section 250.112(A) clarifies that dc switchboards insulatedterminals and the electrical service grounding electrode system,

in accordance with 250.106. from ground are not required to be grounded.
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250.114Article 250 — Grounding and Bonding

250.114 Equipment Connected by Cord(B) Pipe Organs Generator and motor frames in an electri-
cally operated pipe organ, unless effectively insulated from and Plug
ground and the motor driving it. Under any of the conditions described in 250.114(1) through

(4), exposed non–current-carrying metal parts of cord-and-(C) Motor Frames Motor frames, as provided by 430.242.
plug-connected equipment likely to become energized shall
be grounded.(D) Enclosures for Motor Controllers Enclosures for

motor controllers unless attached to ungrounded portable Exception: Listed tools, listed appliances, and listed equip-
equipment. ment covered in 250.114(2) through (4) shall not be required

to be grounded where protected by a system of double insula-
(E) Elevators and Cranes Electric equipment for eleva- tion or its equivalent. Double insulated equipment shall be
tors and cranes. distinctively marked.

(F) Garages, Theaters, and Motion Picture Studios
The exception to 250.114 recognizes listed double-insulatedElectric equipment in commercial garages, theaters, and mo-
appliances, motor-operated hand-held tools, stationary andtion picture studios, except pendant lampholders supplied
fixed motor-operated tools, and light industrial motor-by circuits not over 150 volts to ground.
operated tools as not requiring equipment grounding

(G) Electric Signs Electric signs, outline lighting, and as- connections.
sociated equipment as provided in Article 600.

(1) In hazardous (classified) locations (see Articles 500(H) Motion Picture Projection Equipment Motion pic-
through 517)ture projection equipment.

(2) Where operated at over 150 volts to ground
(I) Power-Limited Remote-Control, Signaling, and Fire Exception No. 1: Motors, where guarded, shall not be re-
Alarm Circuits Equipment supplied by Class 1 power- quired to be grounded.
limited circuits and Class 1, Class 2, and Class 3 remote-

Exception No. 2: Metal frames of electrically heated appli-control and signaling circuits, and by fire alarm circuits,
ances, exempted by special permission, shall not be requiredshall be grounded where system grounding is required by
to be grounded, in which case the frames shall be perma-Part II or Part VIII of this article.
nently and effectively insulated from ground.

(J) Luminaires (Lighting Fixtures) Luminaires (lighting (3) In residential occupancies:
fixtures) as provided in Part V of Article 410. a. Refrigerators, freezers, and air conditioners

b. Clothes-washing, clothes-drying, dish-washing ma-(K) Skid Mounted Equipment Permanently mounted
chines; kitchen waste disposers; information technol-electrical equipment and skids shall be grounded with an
ogy equipment; sump pumps and electrical aquariumequipment bonding jumper sized as required by 250.122.
equipment

c. Hand-held motor-operated tools, stationary and fixed(L) Motor-Operated Water Pumps Motor-operated water
motor-operated tools, light industrial motor-operatedpumps, including the submersible type.
tools

d. Motor-operated appliances of the following types:The requirement of 250.112(L) is intended to reduce stray
hedge clippers, lawn mowers, snow blowers, and wetvoltages and minimize shock hazard during maintenance,
scrubberswhen the pump is hauled out of the well casing and might

e. Portable handlampsbe tested in a barrel of water.
(4) In other than residential occupancies:

a. Refrigerators, freezers, and air conditioners
b. Clothes-washing, clothes-drying, dish-washing ma-(M) Metal Well Casings Where a submersible pump is

used in a metal well casing, the well casing shall be bonded chines; information technology equipment; sump
pumps and electrical aquarium equipmentto the pump circuit equipment grounding conductor.

c. Hand-held motor-operated tools, stationary and fixed
motor-operated tools, light industrial motor-operatedSection 250.112(M) is intended to prevent a shock hazard
toolsthat could exist due to a potential difference between the

d. Motor-operated appliances of the following types:pump, which is grounded to the system ground, and the
hedge clippers, lawn mowers, snow blowers, and wetmetal well casing.
scrubbers
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250.116 Article 250 — Grounding and Bonding

250.116 Nonelectric Equipmente. Portable handlamps
f. Cord-and-plug-connected appliances used in damp The metal parts of nonelectric equipment described in this

or wet locations or by persons standing on the ground section shall be grounded.
or on metal floors or working inside of metal tanks

(1) Frames and tracks of electrically operated cranes andor boilers
hoistsg. Tools likely to be used in wet or conductive locations

(2) Frames of nonelectrically driven elevator cars to which
Exception: Tools and portable handlamps likely to be used electric conductors are attached
in wet or conductive locations shall not be required to be (3) Hand-operated metal shifting ropes or cables of electric
grounded where supplied through an isolating transformer elevators
with an ungrounded secondary of not over 50 volts.

FPN: Where extensive metal in or on buildings may
become energized and is subject to personal contact,Tools must be grounded by an equipment grounding conduc-
adequate bonding and grounding will provide additional

tor within the cord or cable supplying the tool, except where safety.
the tool is supplied by an isolating transformer, as permitted
by the exception following 250.114(4). Portable tools and

Because metal siding on buildings is not electrical equip-appliances protected by an approved system of double insu-
ment, it is outside the scope of the Code [see 90.2(A)].lation must be listed by a qualified electrical testing labora-
Therefore, the Code cannot require that it be grounded. Quitetory as being suitable for the purpose, and the equipment
often, however, luminaires, signs, or receptacles are installedmust be distinctively marked as double insulated.
on buildings with metal siding that could become energized.Cord-connected portable tools or appliances are not in-
Grounding of metal siding reduces the risk of shock totended to be used in damp, wet, or conductive locations
persons who may come in contact with siding that has be-unless they are grounded, supplied by an isolation trans-
come energized.former with a secondary of not more than 50 volts, or pro-

tected by an approved system of double insulation.
Exhibit 250.45 shows an example of lighting equipment

250.118 Types of Equipmentsupplied through an isolating transformer operating at 6 or 12
Grounding Conductorsvolts that provides safe illumination for work inside boilers,

tanks, and similar locations that may be metal or wet. The equipment grounding conductor run with or enclosing
the circuit conductors shall be one or more or a combination
of the following:

(1) A copper, aluminum, or copper-clad aluminum conduc-
tor. This conductor shall be solid or stranded; insulated,
covered, or bare; and in the form of a wire or a busbar
of any shape.

(2) Rigid metal conduit.
(3) Intermediate metal conduit.
(4) Electrical metallic tubing.
(5) Listed flexible metal conduit meeting all the following

conditions:

a. The conduit is terminated in fittings listed for ground-
ing.

b. The circuit conductors contained in the conduit are
protected by overcurrent devices rated at 20 amperes
or less.

c. The combined length of flexible metal conduit and
flexible metallic tubing and liquidtight flexible metal
conduit in the same ground return path does not
exceed 1.8 m (6 ft).

Exhibit 250.45 Lighting equipment supplied through an isolating
d. Where used to connect equipment where flexibility istransformer operating at 6 or 12 volts and therefore not required

necessary after installation, an equipment groundingto be grounded. (Courtesy of Daniel Woodhead Co.)
conductor shall be installed.

2005 National Electrical Code Handbook228

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



250.119Article 250 — Grounding and Bonding

(6) Listed liquidtight flexible metal conduit meeting all the b. The metallic sheath or the combined metallic sheath
and grounding conductors of the smooth or corru-following conditions:
gated tube type MC cablea. The conduit is terminated in fittings listed for ground-

ing. (11) Cable trays as permitted in 392.3(C) and 392.7.
b. For metric designators 12 through 16 (trade sizes 3⁄8 (12) Cablebus framework as permitted in 370.3.

through 1⁄2), the circuit conductors contained in the (13) Other listed electrically continuous metal raceways and
conduit are protected by overcurrent devices rated listed auxiliary gutters.
at 20 amperes or less. (14) Surface metal raceways listed for grounding.

c. For metric designators 21 through 35 (trade sizes 3⁄4
through 11⁄4), the circuit conductors contained in the Exhibit 250.46 illustrates the various sizes of rigid metal
conduit are protected by overcurrent devices rated conduit that enclose the feeder circuit conductors and are
not more than 60 amperes and there is no flexible equipment grounding conductors with or without the instal-
metal conduit, flexible metallic tubing, or liquidtight lation of a wire-type equipment grounding conductor in the
flexible metal conduit in trade sizes metric designa- conduits.
tors 12 through 16 (trade sizes 3⁄8 through 1⁄2) in the
grounding path.

250.119 Identification of Equipmentd. The combined length of flexible metal conduit and
flexible metallic tubing and liquidtight flexible metal Grounding Conductors
conduit in the same ground return path does not Unless required elsewhere in this Code, equipment ground-
exceed 1.8 m (6 ft). ing conductors shall be permitted to be bare, covered, or

e. Where used to connect equipment where flexibility is insulated. Individually covered or insulated equipment
necessary after installation, an equipment grounding grounding conductors shall have a continuous outer finish
conductor shall be installed. that is either green or green with one or more yellow stripes

except as permitted in this section. Conductors with insula-
In those cases where liquidtight flexible metal conduit tion or individual covering that is green, green with one or
(LFMC) or flexible metal conduit (FMC) is used to connect more yellow stripes, or otherwise identified as permitted by
to equipment that requires a degree of movement or flexibil- this section shall not be used for ungrounded or grounded
ity as part of its anticipated operating conditions, it is re- circuit conductors.
quired that an equipment grounding conductor be installed
in the LFMC or FMC. Flexible raceways that are used to A new condition in this section of the 2005 Code precludes
facilitate connection to equipment but that remain stationary re-identification (such as marking tape to the insulation) of
after the connection is made are not covered by the provision any conductor having green- or green-with-yellow-stripe-
of 250.118(5)(d) or 250.118(6)(e). colored insulation or covering for use as an ungrounded or

grounded conductor.

(7) Flexible metallic tubing where the tubing is terminated
(A) Conductors Larger Than 6 AWG Equipment ground-in fittings listed for grounding and meeting the following
ing conductors larger than 6 AWG shall comply withconditions:
250.119(A)(1) and (A)(2).a. The circuit conductors contained in the tubing are

protected by overcurrent devices rated at 20 amperes (1) An insulated or covered conductor larger than 6 AWG
or less. shall be permitted, at the time of installation, to be

b. The combined length of flexible metal conduit and permanently identified as an equipment grounding con-
flexible metallic tubing and liquidtight flexible metal ductor at each end and at every point where the conduc-
conduit in the same ground return path does not tor is accessible.
exceed 1.8 m (6 ft).

Exception: Conductors larger than 6 AWG shall not be
(8) Armor of Type AC cable as provided in 320.108. required to be marked in conduit bodies that contain no
(9) The copper sheath of mineral-insulated, metal-sheathed splices or unused hubs.

cable.
(2) Identification shall encircle the conductor and shall be(10) Type MC cable where listed and identified for grounding

accomplished by one of the following:in accordance with the following:
a. The combined metallic sheath and grounding con- a. Stripping the insulation or covering from the entire

exposed lengthductor of interlocked metal tape–type MC cable
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250.120 Article 250 — Grounding and Bonding

Exhibit 250.46 Various sizes
of enclosing metal conduits
used as equipment grounding
conductors, as they apply to a
service and feeder system.

Rigid metal conduits 
suitable for equipment 
grounding purposes (typical) Feeders

Service 
disconnecting 
means with 
400-A fuses

Feeder distribution 
panelboard No. 1

Feeder 
distribution 
panelboard 

No. 2

175 A 125 A 125 A 100 A 60 A

2¹⁄₂ in. RMC 2¹⁄₂ in. RMC

Wireway

Main feeder 500-kcmil Cu,
3-in. rigid metal conduit (RMC)

Three  2/0 AWG, 1¹⁄₂ in.

Three 1 AWG, 1¹⁄₄  in.

Three 1 AWG, 1¹⁄₄  in.

Three 6 AWG, 1 in.

Three 3 AWG, 1 in.

b. Coloring the exposed insulation or covering green in accordance with the applicable provisions in this Code
using fittings for joints and terminations approved for usec. Marking the exposed insulation or covering with

green tape or green adhesive labels with the type raceway or cable used. All connections, joints,
and fittings shall be made tight using suitable tools.

(B) Multiconductor Cable Where the conditions of main-
tenance and supervision ensure that only qualified persons (B) Aluminum and Copper-Clad Aluminum Conduc-
service the installation, one or more insulated conductors in tors Equipment grounding conductors of bare or insulated
a multiconductor cable, at the time of installation, shall be aluminum or copper-clad aluminum shall be permitted. Bare
permitted to be permanently identified as equipment ground- conductors shall not come in direct contact with masonry
ing conductors at each end and at every point where the or the earth or where subject to corrosive conditions. Alumi-
conductors are accessible by one of the following means: num or copper-clad aluminum conductors shall not be termi-

nated within 450 mm (18 in.) of the earth.
(1) Stripping the insulation from the entire exposed length
(2) Coloring the exposed insulation green (C) Equipment Grounding Conductors Smaller Than 6
(3) Marking the exposed insulation with green tape or green AWG Equipment grounding conductors smaller than 6

adhesive labels AWG shall be protected from physical damage by a raceway
or cable armor except where run in hollow spaces of walls(C) Flexible Cord An uninsulated equipment grounding
or partitions, where not subject to physical damage, or whereconductor shall be permitted, but, if individually covered,
protected from physical damage.the covering shall have a continuous outer finish that is

either green or green with one or more yellow stripes.
250.122 Size of Equipment
Grounding Conductors250.120 Equipment Grounding

Conductor Installation (A) General Copper, aluminum, or copper-clad aluminum
equipment grounding conductors of the wire type shall notAn equipment grounding conductor shall be installed in
be smaller than shown in Table 250.122 but shall not beaccordance with 250.120(A), (B), and (C).
required to be larger than the circuit conductors supplying
the equipment. Where a raceway or a cable armor or sheath(A) Raceway, Cable Trays, Cable Armor, Cablebus, or

Cable Sheaths Where it consists of a raceway, cable tray, is used as the equipment grounding conductor, as provided
in 250.118 and 250.134(A), it shall comply with 250.4(A)(5)cable armor, cablebus framework, or cable sheath or where

it is a wire within a raceway or cable, it shall be installed or (B)(4).
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250.122Article 250 — Grounding and Bonding

Table 250.122 Minimum Size Equipment Grounding conductors are increased in size to compensate for voltage
Conductors for Grounding Raceway and Equipment drop or for any other reason related to proper circuit opera-

tion, the equipment grounding conductors must be increased
Size (AWG or kcmil)

proportionately.Rating or Setting of Automatic
Overcurrent Device in Circuit Aluminum or

ExampleAhead of Equipment, Conduit, Copper-Clad
etc., Not Exceeding (Amperes) Copper Aluminum* A 240-volt, single-phase, 250-ampere load is supplied from

a 300-ampere breaker located in a panelboard 500 ft away.
15 14 12 The conductors are 250-kcmil copper, installed in rigid non-
20 12 10

metallic conduit, with a 4 AWG copper equipment grounding30 10 8
conductor. If the conductors are increased to 350 kcmil, what

40 10 8 is the minimum size for the equipment grounding conductor
60 10 8 based on the proportional-increase requirement?

100 8 6
Solution

200 6 4
STEP 1. Calculate the size ratio of the new conductors to300 4 2

400 3 1 the existing conductors:

500 2 1/0
Size ratio �

350,000 circular mils
250,000 circular mils

� 1.4600 1 2/0
800 1/0 3/0

STEP 2. Calculate the cross-sectional area of the new equip-
1000 2/0 4/0 ment grounding conductor. According to Chapter 9, Table
1200 3/0 250 8, 4 AWG, the size of the existing grounding conductor, has
1600 4/0 350 a cross-sectional area of 41,740 circular mils.
2000 250 400 STEP 3. Determine the size of the new equipment grounding
2500 350 600 conductor. Again, referring to Chapter 9, Table 8, we find
3000 400 600

that 58,436 circular mils is larger than 3 AWG. The next
larger size is 66,360 circular mils, which converts to a 24000 500 800

5000 700 1200 AWG copper equipment grounding conductor.
6000 800 1200

Note: Where necessary to comply with 250.4(A)(5) or (B)(4), the
(C) Multiple Circuits Where a single equipment ground-equipment grounding conductor shall be sized larger than given in this

table. ing conductor is run with multiple circuits in the same race-
*See installation restrictions in 250.120. way or cable, it shall be sized for the largest overcurrent

device protecting conductors in the raceway or cable.

The last sentence of 250.122(A) alerts users that, if a long
A single equipment grounding conductor must be sized fordistance exists between a power source and utilization equip-
the largest overcurrent device. It is not required to be sizedment, some of the wiring methods permitted by 250.118 for
for the composite of all the circuits in the raceway becauseequipment grounding purposes must be evaluated to ensure
it is not anticipated that all circuits will develop faults atthat they can provide an effective path for ground-fault cur-
the same time. For example, three 3-phase circuits in therent.
same raceway, protected by overcurrent devices rated 30,
60, and 100 amperes, would require only one equipment

(B) Increased in Size Where ungrounded conductors are grounding conductor, sized according to the largest overcur-
increased in size, equipment grounding conductors, where rent device (in this case, 100 amperes). Therefore, an 8
installed, shall be increased in size proportionately according AWG copper or 6 AWG aluminum conductor or copper-
to circular mil area of the ungrounded conductors. clad aluminum conductor is required, according to Table

250.122.

Equipment grounding conductors on the load side of the
service disconnecting means and overcurrent devices are

(D) Motor Circuits Where the overcurrent device consistssized based on the size of the feeder or branch-circuit over-
of an instantaneous trip circuit breaker or a motor short-current devices ahead of them. Where the ungrounded circuit
circuit protector, as allowed in 430.52, the equipment
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250.122 Article 250 — Grounding and Bonding

grounding conductor size shall be permitted to be based on
the rating of the motor overload protective device but shall
not be less than the size shown in Table 250.122.

(E) Flexible Cord and Fixture Wire The equipment
grounding conductor in a flexible cord with the largest circuit
conductor 10 AWG or smaller, and the equipment grounding
conductor used with fixture wires of any size in accordance
with 240.5, shall not be smaller than 18 AWG copper and
shall not be smaller than the circuit conductors. The equip-
ment grounding conductor in a flexible cord with a circuit
conductor larger than 10 AWG shall be sized in accordance

N

G

Parallel conductors 
in two nonmetallic 

raceways

Phase-to-ground fault

Load

Ground fault

with Table 250.122.
Exhibit 250.47 Grounding paths for ground fault at the load

(F) Conductors in Parallel Where conductors are run in supplied by parallel conductors in two nonmetallic raceways,
parallel in multiple raceways or cables as permitted in 310.4, illustrating the reason for the requirement of 250.122(F)(1).
the equipment grounding conductors, where used, shall be
run in parallel in each raceway or cable. One of the methods

must be capable of carrying a major portion of the fault
in 250.122(F)(1) or (F)(2) shall be used to ensure the equip-

current without burning open.
ment grounding conductors are protected.

(1) Based on Rating of Overcurrent Protective Device
(2) Ground-Fault Protection of Equipment InstalledEach parallel equipment grounding conductor shall be sized
Where ground-fault protection of equipment is installed,on the basis of the ampere rating of the overcurrent device
each parallel equipment grounding conductor in a multicon-protecting the circuit conductors in the raceway or cable in
ductor cable shall be permitted to be sized in accordanceaccordance with Table 250.122.
with Table 250.122 on the basis of the trip rating of the
ground-fault protection where the following conditions are

Where wire-type equipment grounding conductors are in- met:
stalled in multiple raceways or cables used to enclose con-

(1) Conditions of maintenance and supervision ensure thatductors in parallel, a full-sized equipment grounding
only qualified persons will service the installation.conductor selected from Table 250.122 based on the size of

(2) The ground-fault protection equipment is set to trip atthe overcurrent device protecting the paralleled circuit is
not more than the ampacity of a single ungroundedrequired in each raceway or cable.
conductor of one of the cables in parallel.The full-sized equipment grounding conductor is re-

(3) The ground-fault protection is listed for the purpose ofquired to prevent overloading and possible burnout of the
protecting the equipment grounding conductor.conductor should a ground fault occur along one of the

parallel branches. The installation conditions for paralleled
conductors prescribed in 310.4 result in proportional distri- Section 250.122(F)(2) applies to cables that are installed

in parallel. Because cable assemblies are manufactured inbution of the current-time duty among the several paralleled
grounding conductors only for overcurrent conditions down- standard conductor size configurations, the equipment

grounding conductor in a cable is properly sized for somestream of the paralleled set of circuit conductors.
Exhibit 250.47 shows a parallel arrangement with two circuit arrangements but not necessarily for all parallel cir-

cuit arrangements. Where the cable is used in large-capacitynonmetallic conduits installed underground. For clarity, a
one-line diagram with equipment grounding conductors is parallel circuits, the equipment grounding conductor in each

cable may not be large enough to comply with Table 250.122,shown. A ground fault at the enclosure will cause the equip-
ment grounding conductor in the top conduit to carry more depending on the size of the overcurrent device protecting

the circuit.than its proportionate share of fault current. Note that the
fault is fed by two different conductors of the same phase, To address this problem, 250.122(F)(2) permits the siz-

ing of the equipment grounding conductor within a multicon-one from the left and one from the right. The shortest and
lowest-impedance path to ground from the fault to the supply ductor cable to be based on the trip rating of an equipment

ground-fault protection device. This method of protection ispanelboard is through the equipment grounding conductor
in the top conduit. The grounding path from the fault through permitted only where the installation is serviced by qualified

personnel and the ground-fault device is specifically listedthe bottom conduit is longer and of higher impedance. There-
fore, the equipment grounding conductor in each raceway for protecting the equipment grounding conductor. The ad-

2005 National Electrical Code Handbook232

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



250.130Article 250 — Grounding and Bonding

justable trip setting of the ground-fault protection device and mating connectors and receptacles shall provide for
first-make, last-break of the equipment grounding conductor.cannot be set higher than the ampacity of a single un-

grounded conductor installed as part of the parallel circuit First-make, last-break shall not be required where inter-
locked equipment, plugs, receptacles, and connectors pre-arrangement. This provision is intended to permit the use

of standard cable assembly configurations in large-capacity clude energization without grounding continuity.
parallel circuits without having to custom-manufacture the

(B) Switches No automatic cutout or switch shall be placedcable to include an equipment grounding conductor sized
in the equipment grounding conductor of a premises wiringfor a specific parallel circuit arrangement.
system unless the opening of the cutout or switch disconnects
all sources of energy.

(G) Feeder Taps Equipment grounding conductors run
250.126 Identification of Wiringwith feeder taps shall not be smaller than shown in Table
Device Terminals250.122 based on the rating of the overcurrent device ahead

of the feeder but shall not be required to be larger than the The terminal for the connection of the equipment grounding
tap conductors. conductor shall be identified by one of the following:

(1) A green, not readily removable terminal screw with a
This paragraph, which is new for the 2005 Code, clarifies hexagonal head.
how to size a wire-type equipment grounding conductor for (2) A green, hexagonal, not readily removable terminal nut.
feeder tap installations covered in 240.21(B). This require- (3) A green pressure wire connector. If the terminal for
ment specifies that it is the rating of the overcurrent device the grounding conductor is not visible, the conductor
on the line or supply side of the feeders that is the basis for entrance hole shall be marked with the word green or
selection from Table 250.122 rather than the rating of the ground, the letters G or GR, a grounding symbol, or
overcurrent or other device at the load end of the tap conduc- otherwise identified by a distinctive green color. If the
tors. This stands to reason because it is the device on the terminal for the equipment grounding conductor is
supply side of the tap conductors that needs to be opened readily removable, the area adjacent to the terminal shall
under a ground-fault condition between the point at which be similarly marked.
they are supplied and the point at which they terminate. In

FPN: See FPN Figure 250.126.accordance with this paragraph and 250.122(A), the equip-
ment grounding conductor is not required to be larger than
the ungrounded conductors under any circumstance.

For example, a 600-kcmil copper conductor is tapped
to a 1200-ampere feeder and supplies a fusible switch with FPN Figure 250.126 One Example of a Symbol Used to Identify
400-ampere fuses. Where the 400-ampere overcurrent pro- the Grounding Termination Point for an Equipment Grounding

Conductor.tection is installed at the point the 600-kcmil conductors
receive their supply, the equipment grounding conductor
from Table 250.122 is a 3 AWG copper or 1 AWG aluminum VII. Methods of Equipment Groundingconductor. However, in this tap conductor application, it is
the 1200-ampere device that is on the line side of the 600- 250.130 Equipment Grounding
kcmil tap conductors, and the equipment grounding conduc- Conductor Connections
tor from Table 250.122 is based on the 1200-ampere device. Equipment grounding conductor connections at the source
In this case, the equipment grounding conductor is required of separately derived systems shall be made in accordance
to be a 3/0 AWG copper or 250-kcmil aluminum conductor. with 250.30(A)(1). Equipment grounding conductor connec-
This provision applies only where a wire-type equipment tions at service equipment shall be made as indicated in
grounding conductor is run with the feeder tap conductors. 250.130(A) or (B). For replacement of non–grounding-type
Other equipment grounding conductors permitted in 250.118 receptacles with grounding-type receptacles and for branch-
can also be used where they meet the requirements for tap circuit extensions only in existing installations that do not
conductor wiring methods specified in 240.21(B)(1) through have an equipment grounding conductor in the branch cir-
240.21(B)(5). cuit, connections shall be permitted as indicated in

250.130(C).

250.124 Equipment Grounding (A) For Grounded Systems The connection shall be made
Conductor Continuity by bonding the equipment grounding conductor to the

grounded service conductor and the grounding electrode(A) Separable Connections Separable connections such
as those provided in drawout equipment or attachment plugs conductor.
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250.132 Article 250 — Grounding and Bonding

3. An equipment grounding conductor is connected be-The grounding arrangement for a grounded system is illus-
tween the receptacle grounding terminal to any accessi-trated in Exhibit 250.48.
ble point on the grounding electrode system, to any
accessible point on the grounding electrode conductor,
to the grounded service conductor within the service
equipment enclosure, or to the equipment grounding
terminal bar in the enclosure from which the circuit is
supplied.

The requirement in 250.52(A)(1) does not permit this sepa-
rate equipment grounding conductor to be connected to the
metal water piping of a building or structure beyond the
first 5 ft of where the piping enters the building or structure
unless the conditions of the exception to 250.52(A)(1) can

Grounded 
service 
conductor

Service 
equipment

Grounding 
electrode 
conductor

Main bonding 
jumper

Load

N

Equipment 
grounding
terminal bar
bonded to
enclosure

Equipment 
grounding 
conductor

be met.
Exhibit 250.49 shows a branch-circuit extension madeExhibit 250.48 Grounding arrangement for grounded systems,

from an existing installation. This method is also permittedper 250.130(A), illustrating connection of the equipment ground-
ing conductor (bus) to the enclosures and the grounded service to ground a replacement 3-wire receptacle in the existing
conductor. ungrounded box on the left, where no grounding conductor

is available.

(B) For Ungrounded Systems The connection shall be
made by bonding the equipment grounding conductor to the
grounding electrode conductor.

(C) Nongrounding Receptacle Replacement or Branch
Circuit Extensions The equipment grounding conductor of
a grounding-type receptacle or a branch-circuit extension
shall be permitted to be connected to any of the following:

(1) Any accessible point on the grounding electrode system
as described in 250.50

(2) Any accessible point on the grounding electrode con-
ductor

(3) The equipment grounding terminal bar within the enclo-

Type NM cable without equipment grounding 
conductor for existing installation

Grounding 
electrode 
system

Metal box

Box grounding screw

Grounding-type
replacement 

receptacle

Equipment
grounding
conductor

sure where the branch circuit for the receptacle or branch
Exhibit 250.49 Branch-circuit extension to an existing installa-circuit originates
tion, per 250.130(C), illustrating a separate equipment grounding(4) For grounded systems, the grounded service conductor
conductor connected to the grounding electrode system.within the service equipment enclosure

(5) For ungrounded systems, the grounding terminal bar
within the service equipment enclosure

250.132 Short Sections of Raceway
FPN: See 406.3(D) for the use of a ground-fault circuit- Isolated sections of metal raceway or cable armor, where
interrupting type of receptacle. required to be grounded, shall be grounded in accordance

with 250.134.
Section 250.130(C) applies to both ungrounded and
grounded systems. It permits a nongrounding-type receptacle 250.134 Equipment Fastened in Place or
to be replaced with a grounding-type receptacle under the Connected by Permanent Wiring Methods
following conditions. (Fixed) — Grounding

Unless grounded by connection to the grounded circuit con-1. The branch circuit does not contain an equipment
ductor as permitted by 250.32, 250.140, and 250.142,ground.
non–current-carrying metal parts of equipment, raceways,2. An existing branch circuit is being extended for addi-
and other enclosures, if grounded, shall be grounded by onetional receptacle outlets.
of the following methods.
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250.138Article 250 — Grounding and Bonding

250.136 Equipment Considered EffectivelySection 250.134 eliminates any conflict between
Grounded250.134(A), which requires an equipment grounding con-

ductor to be used for equipment grounding, and 250.32, Under the conditions specified in 250.136(A) and (B), the
250.140, and 250.142, which permit the grounded circuit non–current-carrying metal parts of the equipment shall be
conductor to be used for equipment grounding if certain considered effectively grounded.
specified conditions are met.

(A) Equipment Secured to Grounded Metal Supports
Electrical equipment secured to and in electrical contact
with a metal rack or structure provided for its support and(A) Equipment Grounding Conductor Types By any of
grounded by one of the means indicated in 250.134. Thethe equipment grounding conductors permitted by 250.118.
structural metal frame of a building shall not be used as the

(B) With Circuit Conductors By an equipment grounding required equipment grounding conductor for ac equipment.
conductor contained within the same raceway, cable, or oth-
erwise run with the circuit conductors.

Exhibit 250.50 shows an example of electrical equipment
secured to and in electrical contact with a metal rack that

One of the functions of an equipment grounding conductor is effectively grounded in accordance with 250.136(A).
is to provide a low-impedance ground-fault path between a
ground fault and the electrical source. This path allows the
overcurrent protective device to actuate, interrupting the
current. To keep the impedance at a minimum, it is necessary
to run the equipment grounding conductor in the same race-
way or cable as the circuit conductor(s). This practice allows
the magnetic field developed by the circuit conductor and
the equipment grounding conductor to cancel, reducing their
impedance.

Magnetic flux strength is inversely proportional to the
square of the distance between the two conductors. By plac-
ing an equipment grounding conductor away from the con-
ductor delivering the fault current, the magnetic flux

All equipment in good electrical contact with metal rack

Metal rack
effectively grounded

Metal raceway Nonmetallic
raceway
(typical)

cancellation decreases. This increases the impedance of the
fault path and delays operation of the protective device.

Exhibit 250.50 An example of electrical equipment considered
to be effectively grounded through mechanical connections to a
grounded metal rack.

Exception No. 1: As provided in 250.130(C), the equipment
grounding conductor shall be permitted to be run separately
from the circuit conductors. (B) Metal Car Frames Metal car frames supported by

metal hoisting cables attached to or running over metal
sheaves or drums of elevator machines that are groundedException No. 1 to 250.134(B) permits an equipment
by one of the methods indicated in 250.134.grounding conductor to be run to the grounding electrode

separately from the other conductors of an ac circuit. This
250.138 Cord-and-Plug-Connected Equipmentpractice applies only where a grounding-type receptacle is

used on a circuit that does not include an equipment ground- Non–current-carrying metal parts of cord-and-plug-
ing conductor. See the commentary following 250.130(C) connected equipment, if grounded, shall be grounded by one
for further explanation. of the methods in 250.138(A) or (B).

(A) By Means of an Equipment Grounding Conduc-
tor By means of an equipment grounding conductor runException No. 2: For dc circuits, the equipment grounding
with the power supply conductors in a cable assembly orconductor shall be permitted to be run separately from the
flexible cord properly terminated in a grounding-type attach-circuit conductors.
ment plug with one fixed grounding contact.

FPN No. 1: See 250.102 and 250.168 for equipment
Exception: The grounding contacting pole of grounding-bonding jumper requirements.
type plug-in ground-fault circuit interrupters shall be permit-FPN No. 2: See 400.7 for use of cords for fixed equip-

ment. ted to be of the movable, self-restoring type on circuits
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250.140 Article 250 — Grounding and Bonding

ing the appliance frame, it must be ensured that a bondingoperating at not over 150 volts between any two conductors
or over 150 volts between any conductor and ground. jumper is in place between the neutral terminal of the appli-

ance and the frame of the appliance.
(B) By Means of a Separate Flexible Wire or Strap By The grounded circuit conductor of an existing branch
means of a separate flexible wire or strap, insulated or bare, circuit is still permitted to be used to ground the frame of
protected as well as practicable against physical damage, an electric range, wall-mounted oven, or counter-mounted
where part of equipment. cooking unit, provided all four conditions of 250.140, Excep-

tion, are met. In addition, a revision in this provision for
250.140 Frames of Ranges and Clothes Dryers the 2005 Code permits application of the exception only
Frames of electric ranges, wall-mounted ovens, counter- where the existing branch-circuit wiring method does not
mounted cooking units, clothes dryers, and outlet or junction provide an equipment grounding conductor. There are many
boxes that are part of the circuit for these appliances shall existing branch circuits in which nonmetallic sheath cable
be grounded in the manner specified by 250.134 or 250.138. with three insulated circuit conductors and a bare equipment

grounding conductor was used to supply a range or clothes
Exception: For existing branch circuit installations only

dryer. The bare equipment grounding conductor was simply
where an equipment grounding conductor is not present in

not used because it was permitted to ground the equipment
the outlet or junction box, the frames of electric ranges,

with the insulated neutral conductor of the NM cable. This
wall-mounted ovens, counter-mounted cooking units, clothes

‘‘extra’’ conductor was on account of the fact that the bare
dryers, and outlet or junction boxes that are part of the

conductor in a Type NM cable is to be used only as an
circuit for these appliances shall be permitted to be grounded

equipment grounding conductor and cannot be used as a
to the grounded circuit conductor if all the following condi-

grounded (neutral) conductor in the same manner as is per-
tions are met.

mitted for an uninsulated conductor in the service entrance.
In addition to grounding the frame of the range or clothes(1) The supply circuit is 120/240-volt, single-phase, 3-wire;

or 208Y/120-volt derived from a 3-phase, 4-wire, wye- dryer, the grounded circuit conductor of these existing branch
circuits is also permitted to be used to ground any junctionconnected system.

(2) The grounded conductor is not smaller than 10 AWG boxes in the circuit supplying the appliance, and a 3-wire
pigtail and range receptacle are permitted to be used.copper or 8 AWG aluminum.

(3) The grounded conductor is insulated, or the grounded Prior to the 1996 Code, use of the grounded circuit
conductor as a grounding conductor was permitted for allconductor is uninsulated and part of a Type SE service-

entrance cable and the branch circuit originates at the installations. In many instances, the wiring method was
service-entrance cable with an uninsulated neutral conductorservice equipment.

(4) Grounding contacts of receptacles furnished as part of covered by the cable jacket. Where Type SE cable was used
to supply ranges and dryers, the branch circuit was requiredthe equipment are bonded to the equipment.
to originate at the service equipment to avoid neutral current
from downstream panelboards on metal objects, such asThe exception to 250.140 applies only to existing branch
pipes or ducts.circuits supplying the appliances specified in 250.140. The

Exhibit 250.51 shows an existing installation in whichgrounded conductor (neutral) of newly installed branch cir-
Type SE service-entrance cable was used for ranges, dryers,cuits supplying ranges and clothes dryers is no longer permit-
wall-mounted ovens, and counter-mounted cooking units.ted to be used for grounding the non–current-carrying metal
Junction boxes in the supply circuit were also permitted toparts of the appliances. Branch circuits installed for new
be grounded from the grounded neutral conductor.appliance installations are required to provide an equipment

grounding conductor sized in accordance with 250.122 for
grounding the non–current-carrying metal parts. 250.142 Use of Grounded Circuit Conductor for

Caution should be exercised to ensure that new appli- Grounding Equipment
ances connected to an existing branch circuit are properly (A) Supply-Side Equipment A grounded circuit conduc-
grounded. An older appliance connected to a new branch tor shall be permitted to ground non–current-carrying metal
circuit must have its 3-wire cord and plug replaced with a parts of equipment, raceways, and other enclosures at any
4-conductor cord, with one of those conductors being an of the following locations:
equipment grounding conductor. The bonding jumper be-

(1) On the supply side or within the enclosure of the actween the neutral and the frame of the appliance must be
service-disconnecting meansremoved. Where a new range or clothes dryer is connected

(2) On the supply side or within the enclosure of the mainto an existing branch circuit without an equipment grounding
disconnecting means for separate buildings as providedconductor, in which the neutral conductor is used for ground-
in 250.32(B)
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250.144Article 250 — Grounding and Bonding

the conditions permitted for existing installations by 250.140
shall be permitted to be grounded by a grounded circuit
conductor.

Exception No. 2: It shall be permissible to ground meter
enclosures by connection to the grounded circuit conductor
on the load side of the service disconnect where all of the
following conditions apply:

(1) No service ground-fault protection is installed.
(2) All meter socket enclosures are located immediately

adjacent to the service disconnecting means.
(3) The size of the grounded circuit conductor is not smaller

than the size specified in Table 250.122 for equipment
grounding conductors.

Exception No. 3: Direct-current systems shall be permitted
to be grounded on the load side of the disconnecting means
or overcurrent device in accordance with 250.164.

Exception No. 4: Electrode-type boilers operating at over
600 volts shall be grounded as required in 490.72(E)(1) and
490.74.

One major reason the grounded circuit conductor is not
permitted to be grounded on the load side of the service
[except as permitted in 250.30, 250.32(B)(2), and the four
exceptions to 250.142(B)] is that, should the grounded ser-
vice conductor become disconnected at any point on the line

Single-phase, 
3-wire service

Single-phase, 
3-wire service

Range or
clothes dryer

Range or
clothes dryer

Junction
box

Type SE service-entrance cable with 
insulated or uninsulated grounded 
neutral conductor permitted

Type SE service-entrance cable 
with uninsulated grounded 
neutral conductor not permitted

Grounding conductor 
included or provided

Subpanel

N

N

N

With Grounding Conductor

No Grounding Conductor

side of the ground, the equipment grounding conductor and
Exhibit 250.51 An existing installation in which the grounded all conductive parts connected to it would carry the neutral
conductor in Type SE service-entrance cable was used for current, raising the potential to ground of exposed metal
grounding the frames of ranges and clothes dryers, plus associ- parts not normally intended to carry current. This could
ated metal junction boxes, in accordance with 250.140.

result in arcing in concealed spaces and could pose a severe
shock hazard, particularly if the path is inadvertently opened
by a person servicing or repairing piping or ductwork. Even

(3) On the supply side or within the enclosure of the main without an open grounded conductor (usually referred to as
disconnecting means or overcurrent devices of a sepa- an open neutral), the equipment grounding conductor path
rately derived system where permitted by 250.30(A)(1) would become a parallel path with the grounded conductor,

and there would be some potential drop on exposed and
concealed dead metal parts. The magnitude of this potentialIn separately derived systems, the grounded circuit conduc-
difference would be determined by the relative impedancestor is permitted to ground non–current-carrying metal parts
of the equipment grounding path and the grounded conductorof equipment, raceways, and other enclosures only on the
circuits. Not only would the equipment grounding conductorsupply side of the main disconnecting means.
path be affected, but all parallel paths not intended as equip-
ment grounding conductors would be affected as well. This

(B) Load-Side Equipment Except as permitted in could involve current through metal building structures, pip-
250.30(A)(1) and 250.32(B), a grounded circuit conductor ing, and ducts. The requirements of 250.30 and 250.32(B)
shall not be used for grounding non–current-carrying metal have been revised in recent editions of the Code to prohibit
parts of equipment on the load side of the service discon- the creation of parallel paths for normal neutral current.
necting means or on the load side of a separately derived
system disconnecting means or the overcurrent devices for
a separately derived system not having a main disconnecting 250.144 Multiple Circuit Connections
means. Where equipment is required to be grounded and is supplied

by separate connection to more than one circuit or groundedException No. 1: The frames of ranges, wall-mounted ovens,
counter-mounted cooking units, and clothes dryers under premises wiring system, a means for grounding shall be
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250.146 Article 250 — Grounding and Bonding

provided for each such connection as specified in 250.134 does not apply to cover-mounted receptacles, such as the
and 250.138. one illustrated in Exhibit 250.53. Box-cover and device com-

binations listed as providing grounding continuity are per-
250.146 Connecting Receptacle Grounding mitted.
Terminal to Box
An equipment bonding jumper shall be used to connect
the grounding terminal of a grounding-type receptacle to a
grounded box unless grounded as in 250.146(A) through
(D).

(A) Surface Mounted Box Where the box is mounted on
the surface, direct metal-to-metal contact between the device
yoke and the box or a contact yoke or device that complies
with 250.146(B) shall be permitted to ground the receptacle
to the box. At least one of the insulating washers shall be
removed from receptacles that do not have a contact yoke
or device that complies with 250.146(B) to ensure direct
metal-to-metal contact. This provision shall not apply to
cover-mounted receptacles unless the box and cover combi-
nation are listed as providing satisfactory ground continuity
between the box and the receptacle.

Bonding jumper
required from
grounded metal box
to cover-mounted
receptacles

The main rule of 250.146 requires an equipment bonding Exhibit 250.53 An example of a cover-mounted receptacle
jumper to be installed between the device box and the recep- attached to a surface box where a bonding jumper is required.
tacle grounding terminal. However, 250.146(A) permits the
equipment bonding jumper to be omitted where the metal

(B) Contact Devices or Yokes Contact devices or yokesyoke of the device is in direct metal-to-metal contact with
the metal device box and at least one of the fiber retention designed and listed as self-grounding shall be permitted

in conjunction with the supporting screws to establish thewashers for the receptacle mounting screws is removed, as
illustrated in Exhibit 250.52. grounding circuit between the device yoke and flush-type

boxes.Cover-mounted wiring devices, such as on 4-in. square
covers, are not considered grounded. Section 250.146(A)

Section 250.146(B) is illustrated by Exhibit 250.54, which
shows a receptacle designed with a spring-type grounding
strap for holding the mounting screw and establishing the
grounding circuit so that an equipment bonding jumper is
not required. Such devices are listed as ‘‘self-grounding.’’

(C) Floor Boxes Floor boxes designed for and listed as
providing satisfactory ground continuity between the box
and the device shall be permitted.

(D) Isolated Receptacles Where required for the reduction
of electrical noise (electromagnetic interference) on the
grounding circuit, a receptacle in which the grounding termi-
nal is purposely insulated from the receptacle mounting
means shall be permitted. The receptacle grounding terminal
shall be grounded by an insulated equipment grounding

Bonding jumper not 
required where direct 
metal-to-metal contact 
and one screw-retention
washer removed

conductor run with the circuit conductors. This grounding
conductor shall be permitted to pass through one or more

Exhibit 250.52 An example of a box-mounted receptacle
panelboards without connection to the panelboard groundingattached to a surface box where a bonding jumper is not required
terminal as permitted in 408.40, Exception, so as to terminateprovided at least one of the insulating washers is removed.
within the same building or structure directly at an equipment
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250.148Article 250 — Grounding and Bonding

Bonding jumper
not required where
receptacle yoke has
a spring-type
grounding strap

Exhibit 250.54 A receptacle designed with a listed spring-type
grounding strap. The strap that holds the mounting screw captive

15 S
W

D

O
F

F

15 S
W

D

O
F

F

15 S
W

D

O
F

F

15 S
W

D

O
F

F

15 S
W

D

O
F

F

15 S
W

D

O
F

F

15 S
W

D

O
F

F

15 S
W

D

O
F

F

Service equipment

Neutral

Isolated-ground–
type receptacle

Metal raceway

Equipment 
grounding 
terminal bar

Isolated equipment 
grounding conductor
(insulation required)

establishes a grounding circuit and eliminates the need to provide
a wire-type equipment bonding jumper to the box, in accordance Exhibit 250.55 An isolated-ground–type receptacle with an insu-
with 250.146(B). lated equipment grounding conductor and with the device box

grounded through the metal raceway.

grounding conductor terminal of the applicable derived sys-
a shock hazard between the isolated equipment frame andtem or service.
other grounded surfaces.

FPN: Use of an isolated equipment grounding conductor The fine print note to 250.146(D) is a reminder that
does not relieve the requirement for grounding the race-

metallic raceways and boxes are still required to be groundedway system and outlet box.
by one of the usual required methods. This could require a
separate grounding conductor, for example, to ground a

Section 250.146(D) allows an isolated-ground–type recepta- metal box in a nonmetallic raceway system or to ground a
cle to be installed without a bonding jumper between the metal box supplied by flexible metal conduit. Where an
metal device box and the receptacle grounding terminal. ordinary grounding-type receptacle is being replaced with an
An insulated equipment grounding conductor, as shown in isolated-ground–type receptacle, use of an existing insulated
Exhibit 250.55, is installed with the branch-circuit conduc- equipment grounding conductor as the isolated receptacle
tors. This conductor may originate in the service panel, pass grounding conductor could effectively defeat or seriously
through any number of subpanels without being connected to compromise the required box or raceway equipment ground.
the equipment grounding bus, and terminate at the isolated-
ground–type receptacle ground terminal. However, this does
not exempt the metal device box from being grounded. The 250.148 Continuity and Attachment of
metal device box must be grounded either by an equipment Equipment Grounding Conductors to Boxes
grounding conductor run with the circuit conductors or by

Where circuit conductors are spliced within a box, or termi-a wiring method that serves as an equipment grounding
nated on equipment within or supported by a box, any equip-conductor. See 250.118 for types of equipment grounding
ment grounding conductor(s) associated with those circuitconductors.
conductors shall be spliced or joined within the box or toAccording to 250.146(D), where isolated-ground–type
the box with devices suitable for the use in accordance withreceptacles are used, the isolated equipment grounding con-
250.148(A) through (E).ductor can terminate at an equipment grounding terminal of

the applicable service or derived system in the same building
as the receptacle. If the isolated equipment grounding con- Where a metal box is used in a metal raceway system and

there is a wire-type equipment grounding conductor installedductor terminates at a separate building, a large voltage
difference may exist between buildings during lightning tran- in the raceway, it is not required that the wire-type equipment

grounding conductor be connected to the pull box providedsients. Such transients could cause damage to equipment
connected to an isolated-ground–type receptacle and present the box is effectively grounded by the metal raceway and
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250.160 Article 250 — Grounding and Bonding

the circuit conductors are not spliced or terminated to equip- Exception No. 3: Direct-current fire alarm circuits having
a maximum current of 0.030 amperes as specified in Articlement in the metal box. An example of this provision would

be where conductors are run unbroken through a pull box. 760, Part III, shall not be required to be grounded.

(B) Three-Wire, Direct-Current Systems The neutral on-
ductor of all 3-wire, dc systems supplying premises wiringException: The equipment grounding conductor permitted
shall be grounded.in 250.146(D) shall not be required to be connected to the

other equipment grounding conductors or to the box.
250.164 Point of Connection for

(A) Connections Connections and splices shall be made Direct-Current Systems
in accordance with 110.14(B) except that insulation shall

(A) Off-Premises Source Direct-current systems to benot be required.
grounded and supplied from an off-premises source shall
have the grounding connection made at one or more supply(B) Grounding Continuity The arrangement of grounding
stations. A grounding connection shall not be made at indi-connections shall be such that the disconnection or the re-
vidual services or at any point on the premises wiring.moval of a receptacle, luminaire (fixture), or other device

fed from the box does not interfere with or interrupt the
grounding continuity. As shown in the 3-wire dc distribution system in Exhibit

250.56, the neutral is grounded at the off-premises generator
(C) Metal Boxes A connection shall be made between the site. Grounding of a 2-wire dc system would be accom-
one or more equipment grounding conductors and a metal plished in the same manner. For an on-premises generator,
box by means of a grounding screw that shall be used for a grounding connection is required and is to be located
no other purpose or a listed grounding device. at the source of the first system disconnecting means or

overcurrent device. Other equivalent means that use equip-
(D) Nonmetallic Boxes One or more equipment grounding

ment listed and identified for such use are permitted.
conductors brought into a nonmetallic outlet box shall be
arranged such that a connection can be made to any fitting
or device in that box requiring grounding.

(E) Solder Connections depending solely on solder shall
not be used.

VIII. Direct-Current Systems
250.160 General
Direct-current systems shall comply with Part VIII and other
sections of Article 250 not specifically intended for ac sys-
tems.

Gen

3-Wire, 120/240-V dc Distribution System

Ground at 
generator 
only

Feeder 
conductors

No 
ground

No 
ground

250.162 Direct-Current Circuits and Systems to
Be Grounded Exhibit 250.56 A 3-wire, 120/240-volt dc distribution system with

the neutral grounded at the off-premises generator site.Direct-current circuits and systems shall be grounded as
provided for in 250.162(A) and (B).

(A) Two-Wire, Direct-Current Systems A 2-wire, dc sys- (B) On-Premises Source Where the dc system source is
tem supplying premises wiring and operating at greater than located on the premises, a grounding connection shall be
50 volts but not greater than 300 volts shall be grounded. made at one of the following:

Exception No. 1: A system equipped with a ground detector (1) The source
and supplying only industrial equipment in limited areas (2) The first system disconnection means or overcurrent
shall not be required to be grounded. device

(3) By other means that accomplish equivalent system pro-Exception No. 2: A rectifier-derived dc system supplied from
an ac system complying with 250.20 shall not be required tection and that utilize equipment listed and identified

for the useto be grounded.
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250.174Article 250 — Grounding and Bonding

separately derived system from the source to the first system250.166 Size of Direct-Current Grounding
disconnecting means or overcurrent device, or it shall beElectrode Conductor
made at the source of a separately derived system that hasThe size of the grounding electrode conductor for a dc system
no disconnecting means or overcurrent devices.shall be as specified in 250.166(A) through (E).

The size of the grounding electrode conductor shall be
in accordance with 250.166.(A) Not Smaller Than the Neutral Conductor Where the

dc system consists of a 3-wire balancer set or a balancer
winding with overcurrent protection as provided in IX. Instruments, Meters, and Relays
445.12(D), the grounding electrode conductor shall not be

250.170 Instrument Transformer Circuitssmaller than the neutral conductor and not smaller than 8
Secondary circuits of current and potential instrument trans-AWG copper or 6 AWG aluminum.
formers shall be grounded where the primary windings are

(B) Not Smaller Than the Largest Conductor Where the connected to circuits of 300 volts or more to ground and,
dc system is other than as in 250.166(A), the grounding where on switchboards, shall be grounded irrespective of
electrode conductor shall not be smaller than the largest voltage.
conductor supplied by the system, and not smaller than 8

Exception: Circuits where the primary windings are con-AWG copper or 6 AWG aluminum.
nected to circuits of less than 1000 volts with no live parts or
wiring exposed or accessible to other than qualified persons.(C) Connected to Rod, Pipe, or Plate Electrodes Where

connected to rod, pipe, or plate electrodes as in 250.52(A)(5)
or 250.52(A)(6), that portion of the grounding electrode 250.172 Instrument Transformer Cases
conductor that is the sole connection to the grounding elec-

Cases or frames of instrument transformers shall be
trode shall not be required to be larger than 6 AWG copper

grounded where accessible to other than qualified persons.
wire or 4 AWG aluminum wire.

Exception: Cases or frames of current transformers, the
(D) Connected to a Concrete-Encased Electrode Where primaries of which are not over 150 volts to ground and
connected to a concrete-encased electrode as in that are used exclusively to supply current to meters.
250.52(A)(3), that portion of the grounding electrode con-
ductor that is the sole connection to the grounding electrode

250.174 Cases of Instruments, Meters, andshall not be required to be larger than 4 AWG copper wire.
Relays Operating at Less Than 1000 Volts

(E) Connected to a Ground Ring Where connected to a Instruments, meters, and relays operating with windings or
ground ring as in 250.52(A)(4), that portion of the grounding working parts at less than 1000 volts shall be grounded as
electrode conductor that is the sole connection to the ground- specified in 250.174(A), (B), or (C).
ing electrode shall not be required to be larger than the
conductor used for the ground ring. (A) Not on Switchboards Instruments, meters, and relays

not located on switchboards, operating with windings or
working parts at 300 volts or more to ground, and accessible250.168 Direct-Current Bonding Jumper
to other than qualified persons, shall have the cases andFor dc systems, the size of the bonding jumper shall not
other exposed metal parts grounded.be smaller than the system grounding electrode conductor

specified in 250.166.
(B) On Dead-Front Switchboards Instruments, meters,
and relays (whether operated from current and potential

250.169 Ungrounded Direct-Current Separately
transformers or connected directly in the circuit) on switch-

Derived Systems boards having no live parts on the front of the panels shall
Except as otherwise permitted in 250.34 for portable and have the cases grounded.
vehicle-mounted generators, an ungrounded dc separately
derived system supplied from a stand-alone power source (C) On Live-Front Switchboards Instruments, meters,

and relays (whether operated from current and potential(such as an engine–generator set) shall have a grounding
electrode conductor connected to an electrode that complies transformers or connected directly in the circuit) on switch-

boards having exposed live parts on the front of panels shallwith Part III to provide for grounding of metal enclosures,
raceways, cables, and exposed non–current-carrying metal not have their cases grounded. Mats of insulating rubber

or other suitable floor insulation shall be provided for theparts of equipment. The grounding electrode conductor con-
nection shall be to the metal enclosure at any point on the operator where the voltage to ground exceeds 150.
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250.176 Article 250 — Grounding and Bonding

Exception No. 1: Bare copper conductors shall be permitted250.176 Cases of Instruments, Meters, and
to be used for the neutral of service entrances and the neutralRelays — Operating Voltage 1 kV and Over
of direct-buried portions of feeders.Where instruments, meters, and relays have current-carrying
Exception No. 2: Bare conductors shall be permitted forparts of 1 kV and over to ground, they shall be isolated by
the neutral of overhead portions installed outdoors.elevation or protected by suitable barriers, grounded metal,

or insulating covers or guards. Their cases shall not be Exception No. 3: The neutral grounded conductor shall be
grounded. permitted to be a bare conductor if isolated from phase

conductors and protected from physical damage.Exception: Cases of electrostatic ground detectors where
the internal ground segments of the instrument are connected FPN: See 225.4 for conductor covering where within
to the instrument case and grounded and the ground detector 3.0 m (10 ft) of any building or other structure.
is isolated by elevation.

(2) Ampacity The neutral conductor shall be of sufficient
250.178 Instrument Grounding Conductor ampacity for the load imposed on the conductor but not less

than 331⁄3 percent of the ampacity of the phase conductors.The grounding conductor for secondary circuits of instru-
ment transformers and for instrument cases shall not be Exception: In industrial and commercial premises under
smaller than 12 AWG copper or 10 AWG aluminum. Cases engineering supervision, it shall be permissible to size the
of instrument transformers, instruments, meters, and relays ampacity of the neutral conductor to not less than 20 percent
that are mounted directly on grounded metal surfaces of of the ampacity of the phase conductor.
enclosures or grounded metal switchboard panels shall be

(B) Single Point Grounded System Where a single pointconsidered to be grounded, and no additional grounding
grounded neutral system is used, the following shall apply:conductor shall be required.

(1) A single point grounded system shall be permitted toX. Grounding of Systems and Circuits of
be supplied from (a) or (b):1 kV and Over (High Voltage)
a. A separately derived system

250.180 General b. A multigrounded neutral system with an equipment
grounding conductor connected to the multigroundedWhere high-voltage systems are grounded, they shall comply
neutral at the source of the single point groundedwith all applicable provisions of the preceding sections of
systemthis article and with 250.182 through 250.190, which supple-

ment and modify the preceding sections. (2) A grounding electrode shall be provided for the system.
(3) A grounding electrode conductor shall connect the250.182 Derived Neutral Systems

grounding electrode to the system neutral.
A system neutral derived from a grounding transformer shall (4) A bonding jumper shall connect the equipment ground-
be permitted to be used for grounding high-voltage systems. ing conductor to the grounding electrode conductor.

(5) An equipment bonding conductor shall be provided to250.184 Solidly Grounded Neutral Systems
each building, structure, and equipment enclosure.

Solidly grounded neutral systems shall be permitted to be (6) A neutral shall only be required where phase to neutral
either single point grounded or multigrounded neutral. loads are supplied.

(7) The neutral, where provided, shall be insulated and
For systems over 1000 volts, the Code permits solidly isolated from earth except at one location.
grounded neutral systems that are either single-point (8) An equipment grounding conductor shall be run with
grounded or multigrounded systems. For the 2005 Code, the phase conductors and shall comply with (a), (b),
250.184 was reorganized, and new requirements for the in- and (c):
stallation of single-point grounded systems were added. Cir- a. Shall not carry continuous load
cuits supplied from a single-point grounded system are b. May be bare or insulated
required to have an equipment grounding conductor run with c. Shall have sufficient ampacity for fault current duty
the circuit conductors, and this conductor is not to be used

(C) Multigrounded Neutral Systems Where a multi-as a conductor for continuous line-to-neutral load.
grounded neutral system is used, the following shall apply:

(A) Neutral Conductor (1) The neutral of a solidly grounded neutral system shall
be permitted to be grounded at more than one point.(1) Insulation Level The minimum insulation level for

neutral conductors of solidly grounded systems shall be 600 Grounding shall be permitted at one or more of the
following locations:volts.
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250.190Article 250 — Grounding and Bonding

a. Transformers supplying conductors to a building or Portable describes equipment that is easily carried from one
other structure location to another.Mobile describes equipment that is easily

b. Underground circuits where the neutral is exposed moved on wheels, treads, and so on.
c. Overhead circuits installed outdoors

(2) The multigrounded neutral conductor shall be grounded (A) Portable or Mobile Equipment Portable or mobile
at each transformer and at other additional locations by high-voltage equipment shall be supplied from a system
connection to a made or existing electrode. having its neutral grounded through an impedance. Where

(3) At least one grounding electrode shall be installed and a delta-connected high-voltage system is used to supply
connected to the multigrounded neutral circuit conduc- portable or mobile equipment, a system neutral shall be
tor every 400 m (1300 ft). derived.

(4) The maximum distance between any two adjacent elec-
(B) Exposed Non–Current-Carrying Metal Parts Ex-trodes shall not be more than 400 m (1300 ft).
posed non–current-carrying metal parts of portable or mobile(5) In a multigrounded shielded cable system, the shielding
equipment shall be connected by an equipment groundingshall be grounded at each cable joint that is exposed to
conductor to the point at which the system neutral impedancepersonnel contact.
is grounded.

250.186 Impedance Grounded Neutral Systems (C) Ground-Fault Current The voltage developed be-
tween the portable or mobile equipment frame and groundImpedance grounded neutral systems in which a grounding
by the flow of maximum ground-fault current shall not ex-impedance, usually a resistor, limits the ground-fault current,
ceed 100 volts.shall be permitted where all of the following conditions are

met: (D) Ground-Fault Detection and Relaying Ground-fault
detection and relaying shall be provided to automatically(1) The conditions of maintenance and supervision ensure
de-energize any high-voltage system component that hasthat only qualified persons will service the installation.
developed a ground fault. The continuity of the equipment(2) Ground detectors are installed on the system.
grounding conductor shall be continuously monitored so as(3) Line-to-neutral loads are not served.
to de-energize automatically the high-voltage circuit to the
portable or mobile equipment upon loss of continuity of theImpedance grounded neutral systems shall comply with
equipment grounding conductor.the provisions of 250.186(A) through (D).
(E) Isolation The grounding electrode to which the porta-

(A) Location The grounding impedance shall be inserted ble or mobile equipment system neutral impedance is con-
in the grounding conductor between the grounding electrode nected shall be isolated from and separated in the ground
of the supply system and the neutral point of the supply by at least 6.0 m (20 ft) from any other system or equipment
transformer or generator. grounding electrode, and there shall be no direct connection

between the grounding electrodes, such as buried pipe and(B) Identified and Insulated The neutral conductor of an
fence, and so forth.impedance grounded neutral system shall be identified, as

well as fully insulated with the same insulation as the phase (F) Trailing Cable and Couplers High-voltage trailing
conductors. cable and couplers for interconnection of portable or mobile

equipment shall meet the requirements of Part III of Article
(C) System Neutral Connection The system neutral shall 400 for cables and 490.55 for couplers.
not be connected to ground, except through the neutral

250.190 Grounding of Equipmentgrounding impedance.

All non–current-carrying metal parts of fixed, portable, and
(D) Equipment Grounding Conductors Equipment

mobile equipment and associated fences, housings, enclo-
grounding conductors shall be permitted to be bare and shall

sures, and supporting structures shall be grounded.
be electrically connected to the ground bus and grounding

Exception: Where isolated from ground and located so aselectrode conductor.
to prevent any person who can make contact with ground
from contacting such metal parts when the equipment is250.188 Grounding of Systems Supplying
energized.Portable or Mobile Equipment

Grounding conductors not an integral part of a cableSystems supplying portable or mobile high-voltage equip-
ment, other than substations installed on a temporary basis, assembly shall not be smaller than 6 AWG copper or 4 AWG

aluminum.shall comply with 250.188(A) through (F).
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280.1 Article 280 — Surge Arresters

FPN: See 250.110, Exception No. 2, for pole-mounted Voltage surges with peaks of several thousand volts, evendistribution apparatus.
on 120-volt circuits, are not uncommon. These surges occur
because of induced voltages in power and transmission lines
resulting from lightning strikes in the vicinity of the line.ARTICLE 280
Surges also occur as a result of switching inductive circuits

Surge Arresters on the premises. Surge arresters for installation as part of
an electric service are commercially available. The basic
standards on surge arresters are ANSI/IEEE C62.1, StandardSummary of Changes
for Gapped Silicon-Carbide Surge Arresters for AC Power

• 280.4(3): Added new requirement for short-circuit current Circuits, and ANSI/IEEE C62.11, Standard for Metal-Oxide
rating marking limiting surge arrester use to applications Surge Arresters for AC Power Circuits.
where this rating is not exceeded.

• 280.4(4): Added new requirement for specific application
280.2 Definitionlisting of surge arresters used on ungrounded systems,

corner grounded systems, and impedance grounded sys-
Surge Arrester. A protective device for limiting surge volt-tems.
ages by discharging or bypassing surge current, and it also

• 280.24(A)(2): Added reference to static wires being used prevents continued flow of follow current while remaining
as the grounded conductor to the requirement covering capable of repeating these functions.
the number of grounding connections for each mile of
line. 280.3 Number Required

Where used at a point on a circuit, a surge arrester shall be
connected to each ungrounded conductor. A single installa-
tion of such surge arresters shall be permitted to protect aContents
number of interconnected circuits, provided that no circuitI. General
is exposed to surges while disconnected from the surge280.1 Scope
arresters.280.2 Definition

280.3 Number Required
Means must be provided for protection of circuits that may280.4 Surge Arrester Selection
be disconnected from the generating station bus. A switch(A) Circuits of Less Than 1000 Volts
with double-throw action used to disconnect the outside(B) Circuits of 1 kV and Over — Silicon Carbide
circuits from the station generator and alternatively connectTypes
those circuits to ground would satisfy the condition of aII. Installation
single set of arresters protecting more than one circuit.280.11 Location

Surge arresters are required to be installed on circuits280.12 Routing of Surge Arrester Connections
in buildings that house explosives. For details, see ChapterIII. Connecting Surge Arresters
6 of NFPA 495, Explosive Materials Code.280.21 Installed at Services of Less Than 1000 Volts

280.22 Installed on the Load Side Services of Less
Than 1000 Volts

280.4 Surge Arrester Selection280.23 Circuits of 1 kV and Over — Surge-Arrester
(A) Circuits of Less Than 1000 Volts Surge arresters in-Conductors
stalled on a circuit of less than 1000 volts shall comply with280.24 Circuits of 1 kV and Over — Interconnections
all of the following:(A) Metallic Interconnections

(B) Through Spark Gap or Device
(1) The rating of the surge arrester shall be equal to or

(C) By Special Permission
greater than the maximum continuous phase-to-ground

280.25 Grounding
power frequency voltage available at the point of appli-
cation.

(2) Surge arresters installed on circuits of less than 1000I. General
volts shall be listed.

280.1 Scope (3) Surge arresters shall be marked with a short circuit
current rating and shall not be installed at a point onThis article covers general requirements, installation require-

ments, and connection requirements for surge arresters in- the system where the available fault current is in excess
of that rating.stalled on premises wiring systems.
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280.24Article 280 — Surge Arresters

III. Connecting Surge Arresters(4) Surge arresters shall not be installed on ungrounded
systems, impedance grounded systems, or corner 280.21 Installed at Services of Less Than
grounded delta systems unless listed specifically for use

1000 Voltson these systems.
Line and ground connecting conductors shall not be smaller

(B) Circuits of 1 kV and Over — Silicon Carbide Types than 14 AWG copper or 12 AWG aluminum. The arrester
The rating of a silicon carbide-type surge arrester shall be grounding conductor shall be connected to one of the follow-
not less than 125 percent of the maximum continuous phase- ing:
to-ground voltage available at the point of application.

(1) Grounded service conductor
(2) Grounding electrode conductorFPN No. 1: For further information on surge arresters,

see ANSI/IEEE C62.1-1989, Standard for Gapped (3) Grounding electrode for the service
Silicon-Carbide Surge Arresters for AC Power Circuits; (4) Equipment grounding terminal in the service equipment
ANSI/IEEE C62.2-1987, Guide for the Application of
Gapped Silicon-Carbide Surge Arresters for Alternating-
Current Systems; ANSI/IEEE C62.11-1993, Standard for High-frequency currents, such as those common to lightning
Metal-Oxide Surge Arresters for Alternating-Current discharges, tend to reduce the effectiveness of a grounding
Power Circuits; and ANSI/IEEE C62.22-1991, Guide conductor. Single-phase or 3-phase grounded or ungrounded
for the Application of Metal-Oxide Surge Arresters for

services are permitted to have the surge arrester grounded toAlternating-Current Systems.
the equipment grounding terminal in the service equipment.FPN No. 2: The selection of a properly rated metal oxide
Exhibit 280.1 shows three methods of grounding the groundarrester is based on considerations of maximum continu-

ous operating voltage and the magnitude and duration of terminals of surge arresters at service entrances. In the upper
overvoltages at the arrester location as affected by phase- left diagram, an arrester is connected to a neutral service
to-ground faults, system grounding techniques, switching conductor. In the upper right diagram, an arrester is con-
surges, and other causes. See the manufacturer’s applica-

nected to a grounding electrode conductor. In the lowertion rules for selection of the specific arrester to be used
diagram, an arrester is connected to a grounding electrodeat a particular location.
conductor of an ungrounded system.

II. Installation
280.22 Installed on the Load Side Services of280.11 Location
Less Than 1000 VoltsSurge arresters shall be permitted to be located indoors or

outdoors. Surge arresters shall be made inaccessible to un- Line and ground connecting conductors shall not be smaller
qualified persons, unless listed for installation in accessible than 14 AWG copper or 12 AWG aluminum. A surge arrester
locations. shall be permitted to be connected between any two conduc-

tors — ungrounded conductor(s), grounded conductor,
grounding conductor. The grounded conductor and theMaximum protection is achieved where the surge protective
grounding conductor shall be interconnected only by thedevice is located as close as practicable to the equipment
normal operation of the surge arrester during a surge.to be protected. When a surge passes through an arrester, a

wave is reflected in both directions on the conductors con-
280.23 Circuits of 1 kV and Over —nected to the surge arrester. The magnitude of the reflected
Surge-Arrester Conductorswave increases as the distance from the arrester increases.

If the length of the conductor between the protected equip- The conductor between the surge arrester and the line and
ment and the surge arrester is short, the magnitude of the the surge arrester and the grounding connection shall not be
wave reflected through the equipment is minimized. smaller than 6 AWG copper or aluminum.

280.24 Circuits of 1 kV and Over —
280.12 Routing of Surge Arrester Connections Interconnections
The conductor used to connect the surge arrester to line or The grounding conductor of a surge arrester protecting a
bus and to ground shall not be any longer than necessary transformer that supplies a secondary distribution system
and shall avoid unnecessary bends. shall be interconnected as specified in 280.24(A), (B), or

(C).
Arrester conductors should be as short and be run as straight

(A) Metallic Interconnections A metallic interconnectionas practicable, avoiding any sharp bends and turns, which
shall be made to the secondary grounded circuit conductorincrease the impedance.
or the secondary circuit grounding conductor provided that,
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280.25 Article 285 — Transient Voltage Surge Suppressors: TVSSs

is otherwise grounded as in 250.52, an interconnection shall
be made through a spark gap or listed device as follows:

(1) For ungrounded or unigrounded primary systems, the
spark gap or listed device shall have a 60-Hz breakdown
voltage of at least twice the primary circuit voltage but
not necessarily more than 10 kV, and there shall be at
least one other ground on the grounded conductor of
the secondary that is not less than 6.0 m (20 ft) distant
from the surge arrester grounding electrode.

(2) For multigrounded neutral primary systems, the spark
gap or listed device shall have a 60-Hz breakdown of
not more than 3 kV, and there shall be at least one other
ground on the grounded conductor of the secondary that
is not less than 6.0 m (20 ft) distant from the surge
arrester grounding electrode.

(C) By Special Permission An interconnection of the surge
arrester ground and the secondary neutral, other than as
provided in 280.24(A) or (B), shall be permitted to be made
only by special permission.

280.25 Grounding
Except as indicated in this article, surge arrester grounding
connections shall be made as specified in Article 250.
Grounding conductors shall not be run in metal enclosures
unless bonded to both ends of such enclosure.

ARTICLE 285

Arresters Arresters

Arresters

Service
equipment

Service
equipment

3-Phase Ungrounded System

Single-Phase Grounded System

Transient Voltage Surge
Exhibit 280.1 Three methods of grounding surge arresters at

Suppressors: TVSSsservice entrances.

Summary of Changesin addition to the direct grounding connection at the surge
• 285.3(2): Added new requirement for specific applicationarrester, the following occurs:

listing of surge arresters used on ungrounded systems,
(1) The grounded conductor of the secondary has elsewhere

corner grounded systems, and impedance grounded sys-
a grounding connection to a continuous metal under-

tems.
ground water piping system. However, in urban water-

• 285.21(A)(1): Added reference to 230.82(8) for applica-pipe areas where there are at least four water-pipe con-
tions permitting TVSS devices to be installed on the linenections on the neutral and not fewer than four such
side of the service disconnecting means.connections in each mile of neutral, the metallic inter-

connection shall be permitted to be made to the second-
ary neutral with omission of the direct grounding
connection at the surge arrester. Contents

(2) The grounded conductor of the secondary system is a
I. Generalpart of a multiground neutral system or static wire of

285.1 Scopewhich the primary neutral or static wire has at least four
285.2 Definitionground connections in each mile of line in addition to
285.3 Uses Not Permitteda ground at each service.
285.4 Number Required

(B) Through Spark Gap or Device Where the surge ar- 285.5 Listing
rester grounding conductor is not connected as in 280.24(A) 285.6 Short Circuit Current Rating
or where the secondary is not grounded as in 280.24(A) but
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285.6Article 285 — Transient Voltage Surge Suppressors: TVSSs

285.2 Definition
II. Installation

285.11 Location Transient Voltage Surge Suppressor (TVSS). A protec-
285.12 Routing of Connections tive device for limiting transient voltages by diverting or

III. Connecting Transient Voltage Surge Suppressors limiting surge current; it also prevents continued flow of
285.21 Connection follow current while remaining capable of repeating these

(A) Location functions.
(B) Conductor Size
(C) Connection Between Conductors 285.3 Uses Not Permitted

285.25 Grounding
A TVSS device shall not be installed in the following:

(1) Circuits exceeding 600 volts
(2) On ungrounded systems, impedance grounded systems,I. General

or corner grounded delta systems unless listed specifi-
285.1 Scope cally for use on these systems.
This article covers general requirements, installation require- (3) Where the rating of the TVSS is less than the maximum
ments, and connection requirements for transient voltage continuous phase-to-ground power frequency voltage
surge suppressors (TVSSs) permanently installed on prem- available at the point of application
ises wiring systems.

FPN: For further information on TVSSs, see NEMA LS
1-1992, Standard for Low Voltage Surge Suppression

Article 285, which was added in the 2002 Code, was created Devices. The selection of a properly rated TVSS is based
on criteria such as maximum continuous operating volt-to provide installation requirements for new technology for
age, the magnitude and duration of overvoltages at thethe protection of persons and electronic equipment.
suppressor location as affected by phase-to-ground faults,A transient voltage surge suppressor (TVSS) is a com-
system grounding techniques, and switching surges.

mon component of an electrical system that provides a pro-
tection function similar to that of a surge arrester (see Article

UL 1449, Safety Standard for Transient Voltage Surge Sup-280). A TVSS is generally installed to protect sensitive
pressors, limits TVSS applications to 600 volts and less.electronic equipment such as computers, telecommunica-
TVSS devices are permitted to be installed on ungroundedtions equipment, security systems, and electronic appliances.
systems, impedance grounded systems, and corner groundedCompared to a surge arrester, a TVSS should begin to divert
systems where the TVSS is specifically listed for such sys-or limit the surge current from a transient (or surge) event
tems.much closer to the operating voltage. Two examples of tran-

sient voltage surge suppressors are shown in Exhibit 285.1.
This article covers only permanently installed TVSS devices; 285.4 Number Required
the portable cord-and-plug-connected types are intended to

Where used at a point on a circuit, the TVSS shall be con-be used in accordance with their listings and the manufactur-
nected to each ungrounded conductor.ers’ instructions.

285.5 Listing
A TVSS shall be a listed device.

285.6 Short Circuit Current Rating
The TVSS shall be marked with a short circuit current rating
and shall not be installed at a point on the system where
the available fault current is in excess of that rating. This
marking requirement shall not apply to receptacles.

The first TVSS device is commonly installed in the electrical
system either as an integral component of or near to the
service entrance equipment in residential and commercialExhibit 285.1 Two TVSS devices suitable for service-entrance
structures. It is imperative that the available fault current atinstallation, one for direct connection to panelboard busbars and
the point of installation not exceed the short-circuit currentone for mounting in an cabinet or enclosure knockout. (Courtesy

of General Electric Co.) rating of the TVSS. The installed TVSS device must match
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285.11 Article 285 — Transient Voltage Surge Suppressors: TVSSs

or exceed the system’s available fault current at its point of 285.12 Routing of Connections
installation on a system. Of course, as an alternative to the The conductors used to connect the TVSS to the line or bus
TVSS at the service, an industrial or large commercial facil- and to ground shall not be any longer than necessary and
ity may elect to install arresters (Article 280) at the service shall avoid unnecessary bends.
equipment and at intermediate points in the distribution sys-
tem and then install TVSS devices downstream at pan-
elboards that serve loads susceptible to transients. See The conductor length used to connect the TVSS plays an

important role in protection performance. As the length of theExhibit 285.2.
conductor increases, so does the impedance in the conduction
path. This drives the clamping voltage higher and reduces
the protection provided by the TVSS unit. Maximum protec-
tion is achieved where the TVSS is located as close as
practicable to the equipment being protected, as shown in
Exhibit 285.3.

Exhibit 285.2 A TVSS as an integral component of a receptacle,
providing local point-of-use protection of equipment when tran-
sient events occur within the facility. (Courtesy of Pass &
Seymour/ Legrand�)

Another type of TVSS is the point-of-use TVSS. These
devices (e.g., receptacles and permanently installed power
strips) may be installed at the equipment (computers, equip-
ment with electronic controls, etc.). The function of a point-

Exhibit 285.3 A TVSS mounted as an integral component of a
of-use TVSS is to remove small transients that pass through panelboard, which minimizes conductor length between the elec-
the more robust surge devices located at the service. Point- trical system and the TVSS. (Courtesy of Square D Co.)
of-use TVSS devices are also useful in removing small tran-
sients that have been generated within the building.

III. Connecting Transient Voltage SurgeII. Installation
Suppressors285.11 Location

285.21 ConnectionTVSSs shall be permitted to be located indoors or outdoors
and shall be made inaccessible to unqualified persons, unless Where a TVSS is installed, it shall comply with 285.21(A)

through (C).listed for installation in accessible locations.
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285.25Article 285 — Transient Voltage Surge Suppressors: TVSSs

(2) Feeder Supplied Building or Structure The transientUL 1449, Safety Standard for Transient Voltage Surge Sup-
voltage surge suppressor shall be connected on the load sidepressors, is used to investigate the safety of a TVSS. In
of the first overcurrent device at the building or structure.accordance with the scope of UL 1449, a TVSS must be

installed on the load side of the service disconnect overcur- Exception to (1) and (2): Where the TVSS is also listed as
rent protection. The requirement for connection on the load a surge arrester, the connection shall be as permitted by
side of the first overcurrent protection device in a feeder- Article 280.
supplied structure is necessary due to the exposure of exter-

(3) Separately Derived System The TVSS shall be con-nal feeder conductors to a more hostile surge environment
nected on the load side of the first overcurrent device in asuch as lightning.
separately derived system.Two requirements in Article 230 have been revised for

the 2005 Code to permit the installation of TVSS equipment
(B) Conductor Size Line and ground connecting conduc-on the line side of the service disconnecting means. First,
tors shall not be smaller than 14 AWG copper or 12 AWGa revision to 230.71(A) permits an additional disconnecting
aluminum.means at the service equipment for TVSS equipment in-

stalled as part of listed equipment. The disconnecting means (C) Connection Between Conductors A TVSS shall be
for the TVSS device does not count as one of the six permit- permitted to be connected between any two conductors —
ted by 230.71(A) where the TVSS and its disconnecting ungrounded conductor(s), grounded conductor, grounding
means are provided in the listed equipment by the manufac- conductor. The grounded conductor and the grounding con-
turer. The second revision is in 230.82(8), in which TVSS ductor shall be interconnected only by the normal operation
equipment installed in listed equipment is permitted to be of the TVSS during a surge.
connected on the line side of the service disconnecting means
where the TVSS equipment is provided with a disconnecting 285.25 Grounding
means and overcurrent protection.

Grounding conductors shall not be run in metal enclosures
unless bonded to both ends of such enclosure.

(A) Location
See 250.64(E) and 250.92(A)(3) and the associated commen-

(1) Service Supplied Building or Structure The transient tary, including Exhibit 250.32, for requirements to bond both
voltage surge suppressor shall be connected on the load ends of a metal raceway that encloses a grounding electrode
side of a service disconnect overcurrent device required in conductor.
230.91, unless installed in accordance with 230.82(8).
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3
Wiring Methods and

Materials
252Article 300 Wiring Methods 378Article 352 Rigid Nonmetallic Conduit: Type

RNC277Article 310 Conductors for General Wiring
314Article 312 Cabinets, Cutout Boxes, and Meter 384Article 353 High Density Polyethylene

Conduit: Type HDPE ConduitSocket Enclosures
320Article 314 Outlet, Device, Pull, and Junction 386Article 354 Nonmetallic Underground Conduit

with Conductors: Type NUCCBoxes, Conduit Bodies; Fittings;
and Handhole Enclosures 387Article 356 Liquidtight Flexible Nonmetallic

Conduit: Type LFNC336Article 320 Armored Cable: Type AC
339Article 322 Flat Cable Assemblies: Type FC 390Article 358 Electrical Metallic Tubing: Type

EMT341Article 324 Flat Conductor Cable: Type FCC
344Article 326 Integrated Gas Spacer Cable: Type 393Article 360 Flexible Metallic Tubing: Type

FMTIGS
345Article 328 Medium Voltage Cable: Type MV 395Article 362 Electrical Nonmetallic Tubing:

Type ENT346Article 330 Metal-Clad Cable: Type MC
351Article 332 Mineral-Insulated, Metal- 401Article 366 Auxiliary Gutters

404Article 368 BuswaysSheathed Cable: Type MI
355Article 334 Nonmetallic-Sheathed Cable: 409Article 370 Cablebus

411Article 372 Cellular Concrete Floor RacewaysTypes NM, NMC, and NMS
360Article 336 Power and Control Tray Cable: 412Article 374 Cellular Metal Floor Raceways

414Article 376 Metal WirewaysType TC
362Article 338 Service-Entrance Cable: Types SE 416Article 378 Nonmetallic Wireways

418Article 380 Multioutlet Assemblyand USE
364Article 340 Underground Feeder and Branch- 419Article 382 Nonmetallic Extensions

420Article 384 Strut-Type Channel RacewayCircuit Cable: Type UF
365Article 342 Intermediate Metal Conduit: Type 422Article 386 Surface Metal Raceways

424Article 388 Surface Nonmetallic RacewaysIMC
368Article 344 Rigid Metal Conduit: Type RMC 426Article 390 Underfloor Raceways

428Article 392 Cable Trays373Article 348 Flexible Metal Conduit: Type
FMC 439Article 394 Concealed Knob-and-Tube Wiring

441Article 396 Messenger Supported Wiring376Article 350 Liquidtight Flexible Metal
Conduit: Type LFMC 442Article 398 Open Wiring on Insulators
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Article 300 — Wiring Methods

There were two significant editorial changes in Chapter 3 • 300.5(B): Added new requirement for listing for use in
for the 2002 Code. Both changes resulted from the collective wet locations applies to cables and insulated conductors
efforts of the NEC Usability Task Group, the code-making in underground raceways and enclosures.
panels (CMPs) having specific subject responsibility within

• 300.6: Revised title to clarify that this section addressesChapter 3, and the users who submitted proposals and com-
corrosion and other deterioration of metal and nonmetallicments.
electrical equipment. Also revised to provide separate pro-First and foremost, many common requirements for wir-
tection requirements for ferrous metal equipment and non-ing methods in Chapter 3 were aligned using a common
ferrous metal equipment.numbering system. All the circular raceway articles and

• 300.18(A): Added exception for short lengths used tomany of the cable articles now have a common numbering
protect conductors or cable assemblies from physical dam-format, which assists users in locating common requirements
age.within an article. Additionally, students of the Code will

find it much easier to understand, learn, and compare the • 300.22(B): Deleted permission to use limited lengths of
many common requirements of various wiring methods. liquidtight flexible metal conduit (LFMC) as a wiring

The second significant editorial change was the renum- method in ducts and plenums used for environmental air.
bering of many articles in Chapter 3. Achieving a true com- • Table 300.50: Expanded to include special conditions
mon numbering format in each article necessitated splitting formerly contained in six exceptions.
a few of them into two separate articles. These additional
articles forced the NEC Usability Task Group to consider
and then adopt a new article renumbering scheme for Chapter

Contents3. This new format allows for a grouping of like articles
and leaves space for new wiring method articles should they I. General Requirements

300.1 Scopebe added in the future.
Annex F contains three cross-reference tables to guide (A) All Wiring Installations

(B) Integral Parts of Equipmentthe user through the Chapter 3 reorganization.
(C) Metric Designators and Trade Sizes

300.2 Limitations
ARTICLE 300 (A) Voltage

(B) TemperatureWiring Methods
300.3 Conductors

(A) Single Conductors
Summary of Changes (B) Conductors of the Same Circuit

(C) Conductors of Different Systems• 300.3(A): Added exception to permit single overhead con-
ductors. 300.4 Protection Against Physical Damage

(A) Cables and Raceways Through Wood Members• 300.4(A)(1): Added Exception No. 2 to permit a listed
(B) Nonmetallic-Sheathed Cables and Electricaland marked steel plate less than 1⁄16 in. thick that provides

Nonmetallic Tubing Through Metal Framingequal or better protection against nail or screw penetra-
Memberstion.

(C) Cables Through Spaces Behind Panels
• 300.4(B)(2): Added Exception No. 2 to permit a listed

Designed to Allow Access
and marked steel plate less than 1⁄16 in. thick that provides

(D) Cables and Raceways Parallel to Framing
equal or better protection against nail or screw penetra-

Members and Furring Strips
tion.

(E) Cables and Raceways Installed in Shallow
• 300.4(D): Revised to add a reference to furring strips, Grooves

clarifying that even though the strips may not be framing (F) Insulated Fittings
members, the 11⁄4 in. clearance from any edge subject to 300.5 Underground Installations
nail or screw penetration is required to be maintained. (A) Minimum Cover Requirements
Exception No. 3 added to permit a listed and marked steel (B) Listing
plate less than 1⁄16 in. thick that provides equal or better (C) Underground Cables Under Buildings
protection against nail or screw penetration. (D) Protection from Damage

(E) Splices and Taps• 300.4(E): Added Exception No. 2 to permit a listed and
marked steel plate less than 1⁄16 in. thick that provides (F) Backfill

(G) Raceway Sealsequal or better protection against nail or screw penetration.
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300.1Article 300 — Wiring Methods

300.20 Induced Currents in Metal Enclosures or Metal(H) Bushing
Raceways(I) Conductors of the Same Circuit

(A) Conductors Grouped Together(J) Ground Movement
(B) Individual Conductors(K) Directional Boring

300.21 Spread of Fire or Products of Combustion300.6 Protection Against Corrosion and Deterioration
300.22 Wiring in Ducts, Plenums, and Other Air-(A) Ferrous Metal Equipment

Handling Spaces(B) Non-Ferrous Metal Equipment
(A) Ducts for Dust, Loose Stock, or Vapor Removal(C) Nonmetallic Equipment
(B) Ducts or Plenums Used for Environmental Air(D) Indoor Wet Locations
(C) Other Space Used for Environmental Air300.7 Raceways Exposed to Different Temperatures
(D) Information Technology Equipment(A) Sealing

300.23 Panels Designed to Allow Access(B) Expansion Fittings
II. Requirements for Over 600 Volts, Nominal300.8 Installation of Conductors with Other Systems

300.31 Covers Required300.10 Electrical Continuity of Metal Raceways and
300.32 Conductors of Different SystemsEnclosures
300.34 Conductor Bending Radius300.11 Securing and Supporting
300.35 Protection Against Induction Heating(A) Secured in Place
300.37 Aboveground Wiring Methods(B) Raceways Used as Means of Support
300.39 Braid-Covered Insulated Conductors — Open(C) Cables Not Used as Means of Support

Installation300.12 Mechanical Continuity — Raceways and
300.40 Insulation ShieldingCables
300.42 Moisture or Mechanical Protection for Metal-300.13 Mechanical and Electrical Continuity —

Sheathed CablesConductors
300.50 Underground Installations(A) General

(A) General(B) Device Removal
(B) Protection from Damage300.14 Length of Free Conductors at Outlets,
(C) SplicesJunctions, and Switch Points
(D) Backfill300.15 Boxes, Conduit Bodies, or Fittings — Where
(E) Raceway SealRequired

(A) Wiring Methods with Interior Access
(B) Equipment I. General Requirements
(C) Protection

300.1 Scope(D) Type MI Cable
(A) All Wiring Installations This article covers wiring(E) Integral Enclosure
methods for all wiring installations unless modified by other(F) Fitting
articles.(G) Direct-Buried Conductors

(H) Insulated Devices (B) Integral Parts of Equipment The provisions of this
(I) Enclosures article are not intended to apply to the conductors that form
(J) Luminaires (Fixtures) an integral part of equipment, such as motors, controllers,

(K) Embedded motor control centers, or factory assembled control equip-
(L) Manholes and Handhole Enclosures ment or listed utilization equipment.

(M) Closed Loop
300.16 Raceway or Cable to Open or Concealed Wiring

Generally, wiring within equipment is covered by product
(A) Box or Fitting standards. As an example, integral wiring of motors is cov-
(B) Bushing ered by NEMA MG 1, Motors and Generators; integral

300.17 Number and Size of Conductors in Raceway wiring of industrial control equipment by UL 508, Standard
300.18 Raceway Installations for Industrial Control Equipment; and wiring that forms an

(A) Complete Runs integral part of industrial machinery by NFPA 79, Electrical
(B) Welding Standard for Industrial Machinery.

300.19 Supporting Conductors in Vertical Raceways
(A) Spacing Intervals — Maximum

(C) Metric Designators and Trade Sizes Metric designa-(B) Support Methods
tors and trade sizes for conduit, tubing, and associated
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300.2 Article 300 — Wiring Methods

size counterpart. Therefore, Annex C wire fill tables arefittings and accessories shall be as designated in Table
300.1(C). applicable to both metric designator and trade size circular

raceways, and so for installation practices, introducing an
Table 300.1(C) Metric Designator and Trade Sizes associated metric designator for traditional circular raceways

trade sizes should not be a concern.
Metric Designator Trade Size

What is a concern for installation practices, however,
is the use of a circular raceway with threaded joints, where12 3⁄8
the threaded joints are not according to the product standard.16 1⁄2

21 3⁄4 For example, rigid metal conduit (RMC) is required to be
27 1 listed, according to 344.6, and the appropriate product stan-
35 11⁄4 dard for this listing is UL 6, Electrical Rigid Metal Conduit
41 11⁄2 — Steel. Intermediate metal conduit (IMC) is required to
53 2

be listed, according to 342.6, and the appropriate product63 21⁄2
standard for this listing is UL 1242, Standard for Electrical78 3
Intermediate Metal Conduit — Steel. Both listed conduits91 31⁄2
must be threaded in accordance with ANSI/ASME B.1.20.1-103 4

129 5 1993, Pipe Threads, General Purpose (Inch). Therefore,
155 6 only conduits threaded to the traditional dimension of 3/4-

in. taper per foot are acceptable. Simply stated, an installationNote: The metric designators and trade sizes are for identification
purposes only and are not actual dimensions. using metric threaded conduit is not permitted by the NEC.

However, an installation using threads according to ANSI/
ASME B1.20.1-1993 is in compliance with the NEC.Using metric designators to describe circular raceways is

one more step in the metrication of the NEC, as stated in
both 90.9 and its associated commentary. Metric designators 300.2 Limitations
for conduits first appeared in 1989 in IEC 981, Extra-Heavy (A) Voltage Wiring methods specified in Chapter 3 shall
Duty Rigid Steel Conduits for Electrical Installations. Since be used for 600 volts, nominal, or less where not specifically
then, both NEMA and the NEC have recognized metric desig- limited in some section of Chapter 3. They shall be permitted
nators. The NEC did so in the 1996 edition, allowing metric for over 600 volts, nominal, where specifically permitted
designators to appear as fine print notes following the mention elsewhere in this Code.
of trade sizes of circular raceways. Assigning metric designa-

(B) Temperature Temperature limitation of conductorstors to traditional trade size threaded conduit does not change
shall be in accordance with 310.10.the physical dimensions or the traditional ‘‘NPT type’’

threads of the conduit. Using metric designators is simply
See 110.14(C) and its commentary for information on tem-another method of identifying the size of a circular raceway.
perature limitations of conductor terminations.Table 300.1(C) identifies a distinct metric designator

for each circular raceway trade size. Dimensions or descrip-
tions of circular raceways have traditionally included an 300.3 Conductors
inch size or unit of measure. The unit of measure associated (A) Single Conductors Single conductors specified in
with a circular raceway has not been included in Table

Table 310.13 shall only be installed where part of a recog-
300.1(C) or throughout the NEC because it reflects not a

nized wiring method of Chapter 3.
true measure but rather a ‘‘modular’’ or ‘‘relative’’ measure.

Exception: Individual conductors shall be permitted whereMany examples of modular or relative measures can be
installed as separate overhead conductors in accordancefound in the building trades. For example, in North America,
with 225.6.items such as a 2 ft � 4 ft drop-in luminaire, an 8 ft

fluorescent lamp, and a 2 in. � 4 in. piece of lumber do
not reflect true dimensions but rather are loosely associated Section 300.3(A) clearly states that building wire, such as

individual insulated conductors identified as THHN, is pro-dimensions common in modular construction. As stated in
the footnote to Table 300.1(C), the metric designators and hibited from use outside a recognized wiring method. This

exception, added for the 2005 Code, points out two long-trade sizes are not actual dimensions.
According to Table 4 of Chapter 9, each metric designa- time permissions: first, allowing individual conductors as

festoon lighting and, second, allowing individual conductorstor sized circular raceway is identical in internal and external
dimensions (including manufacturing tolerances) to its trade as overhead spans.
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300.3Article 300 — Wiring Methods

(B) Conductors of the Same Circuit All conductors of Section 300.3(B)(3) was revised for the 2002 Code to address
the same circuit and, where used, the grounded conductor the installation of single-conductor-Type MC cable using a
and all equipment grounding conductors and bonding con- nonferrous (nonmagnetic) sheath.
ductors shall be contained within the same raceway, auxiliary
gutter, cable tray, cablebus assembly, trench, cable, or cord,

(4) Enclosures Where an auxiliary gutter runs between aunless otherwise permitted in accordance with 300.3(B)(1)
column-width panelboard and a pull box, and the pull boxthrough (B)(4).
includes neutral terminations, the neutral conductors of cir-
cuits supplied from the panelboard shall be permitted toThis general rule remains consistent with electrical theory;
originate in the pull box.that is, to reduce inductive heating and to avoid increases

in overall circuit impedance, all circuit conductors of an
Section 300.3(B)(4) recognizes the practice of supplyingindividual circuit must be grouped. Similar requirements are
narrow, column-type panelboard through an auxiliary gutterfound in 300.5(I).
from an overhead pull box and running only the ungrounded
conductors down from the pull box to the panelboard. As
shown in Exhibit 300.1, the feeder and branch-circuit neutral(1) Paralleled Installations Conductors shall be permitted

to be run in parallel in accordance with the provisions of
310.4. The requirement to run all circuit conductors within
the same raceway, auxiliary gutter, cable tray, trench, cable,
or cord shall apply separately to each portion of the paralleled
installation, and the equipment grounding conductors shall
comply with the provisions of 250.122. Parallel runs in cable
tray shall comply with the provisions of 392.8(D).

Exception: Conductors installed in nonmetallic raceways
run underground shall be permitted to be arranged as iso-
lated phase installations. The raceways shall be installed in
close proximity, and the conductors shall comply with the
provisions of 300.20(B).

(2) Grounding and Bonding Conductors Equipment
grounding conductors shall be permitted to be installed out-
side a raceway or cable assembly where in accordance with
the provisions of 250.130(C) for certain existing installations
or in accordance with 250.134(B), Exception No. 2, for dc
circuits. Equipment bonding conductors shall be permitted
to be installed on the outside of raceways in accordance
with 250.102(E).

Section 300.3(B)(2) recognizes that some types of grounding
and bonding conductors can be run as single conductors on
the exterior of the raceway or outside a cable assembly.

(3) Nonferrous Wiring Methods Conductors in wiring
methods with a nonmetallic or other nonmagnetic sheath,
where run in different raceways, auxiliary gutters, cable
trays, trenches, cables, or cords, shall comply with the pro-

Junction box

Auxiliary
gutter

Narrow-style
panelboard

Hollow
building
column

Branch
circuits

Panelboard
feeder

Neutral
terminal
bar

Branch
circuits

visions of 300.20(B). Conductors in single-conductor Type
MI cable with a nonmagnetic sheath shall comply with the

Exhibit 300.1 An installation where an auxiliary gutter extends
provisions of 332.31. Conductors of single-conductor Type from the panelboard up to a pull box used as a termination point
MC cable with a nonmagnetic sheath shall comply with the for the feeder and branch-circuit grounded conductors (neutrals).
provisions of 330.31, 330.116, and 300.20(B).
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300.4 Article 300 — Wiring Methods

(a) Secondary wiring to electric-discharge lamps ofconductors are terminated in the overhead pull box and
1000 volts or less, if insulated for the secondary voltageare not carried with the ungrounded conductors. Inductive
involved, shall be permitted to occupy the same luminaireheating does not occur, because the load-carrying conductors
(fixture), sign, or outline lighting enclosure as the branch-extend down and back up within the same enclosure.
circuit conductors.

(b) Primary leads of electric-discharge lamp ballasts
(C) Conductors of Different Systems insulated for the primary voltage of the ballast, where con-

tained within the individual wiring enclosure, shall be per-
(1) 600 Volts, Nominal, or Less Conductors of circuits mitted to occupy the same luminaire (fixture), sign, or outline
rated 600 volts, nominal, or less, ac circuits, and dc circuits lighting enclosure as the branch-circuit conductors.
shall be permitted to occupy the same equipment wiring

(c) Excitation, control, relay, and ammeter conductorsenclosure, cable, or raceway. All conductors shall have an
used in connection with any individual motor or starter shallinsulation rating equal to at least the maximum circuit volt-
be permitted to occupy the same enclosure as the motor-age applied to any conductor within the enclosure, cable, or
circuit conductors.raceway.

(d) In motors, switchgear and control assemblies, and
Exception: For solar photovoltaic systems in accordance similar equipment, conductors of different voltage ratings
with 690.4(B). shall be permitted.

FPN: See 725.55(A) for Class 2 and Class 3 circuit (e) In manholes, if the conductors of each system are
conductors. permanently and effectively separated from the conductors

of the other systems and securely fastened to racks, insula-
tors, or other approved supports, conductors of differentSection 300.3(C)(1) makes it clear that it is the maximum
voltage ratings shall be permitted.circuit voltage in the raceway, not the maximum insulation

voltage rating of the conductors in the raceway, that deter-
mines the minimum voltage rating required for the insulation Conductors having nonshielded insulation and operating
of conductors for systems of 600 volts or less. at different voltage levels shall not occupy the same enclo-

The conductors of a 3-phase, 4-wire, 208Y/120-volt ac sure, cable, or raceway.
circuit; a 3-phase, 4-wire, 480Y/277-volt ac circuit; and a
3-wire, 120/240-volt dc circuit may occupy the same equip- 300.4 Protection Against Physical Damage
ment wiring enclosure, cable, or raceway if all the conductors Where subject to physical damage, conductors shall be pro-
are insulated for the maximum circuit voltage of any conduc- tected.
tor. In that case, the maximum circuit voltage would be 480
volts, and 600-volt insulation would be suitable for all the (A) Cables and Raceways Through Wood Members
conductors. (1) Bored Holes In both exposed and concealed locations,

If a 2-wire, 120-volt circuit is included in the same where a cable- or raceway-type wiring method is installed
raceway with a 3-wire, 120/240-volt circuit having 600- through bored holes in joists, rafters, or wood members,
volt conductors, then the 2-wire, 120-volt circuit conductors holes shall be bored so that the edge of the hole is not less
could use 300-volt insulation because the maximum circuit than 32 mm (11⁄4 in.) from the nearest edge of the wood
voltage is only 240 volts. member. Where this distance cannot be maintained, the cable

Section 690.4(B) prohibits the location of solar photo- or raceway shall be protected from penetration by screws
voltaic circuits within the same enclosure as conductors of or nails by a steel plate or bushing, at least 1.6 mm (1⁄16 in.)
other systems unless the conductors are separated by a parti- thick, and of appropriate length and width installed to cover
tion or are connected together. the area of the wiring.

Section 725.55(A) prohibits Class 2 and Class 3 circuit
Exception No. 1: Steel plates shall not be required to protectconductors from occupying the same enclosure, cable, or
rigid metal conduit, intermediate metal conduit, rigid non-raceway as Class 1, electric light, and power conductors,
metallic conduit, or electrical metallic tubing.unless specifically permitted in 725.55(B) through 725.55(J).

Exception No. 2: A listed and marked steel plate less than
1.6 mm (1⁄16 in.) thick that provides equal or better protection

(2) Over 600 Volts, Nominal Conductors of circuits rated against nail or screw penetration shall be permitted.
over 600 volts, nominal, shall not occupy the same equip-
ment wiring enclosure, cable, or raceway with conductors (2) Notches in Wood Where there is no objection because

of weakening the building structure, in both exposed andof circuits rated 600 volts, nominal, or less unless otherwise
permitted in (C)(2)(a) through (C)(2)(e). concealed locations, cables or raceways shall be permitted

2005 National Electrical Code Handbook256

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

--```,,``,`,,,`,`,`,`,,,,,,`,,,-`-`,,`,,`,`,,`---



300.4Article 300 — Wiring Methods

tubing to be installed through bored holes or laid in notchesto be laid in notches in wood studs, joists, rafters, or other
wood members where the cable or raceway at those points less than 11⁄4 in. from the nearest edge of the stud, without

a steel plate or bushing. Exception No. 2 to 300.4(A)(1) andis protected against nails or screws by a steel plate at least
1.6 mm (1⁄16 in.) thick, and of appropriate length and width, Exception No. 2 to 300.4(A)(2), new for the 2005 Code,

permit steel plates thinner than 1⁄16 in. to protect cables andinstalled to cover the area of the wiring. The steel plate shall
be installed before the building finish is applied. raceways, but only if the plates are specifically listed and

marked.
Exception No. 1: Steel plates shall not be required to protect
rigid metal conduit, intermediate metal conduit, rigid non-
metallic conduit, or electrical metallic tubing. (B) Nonmetallic-Sheathed Cables and Electrical Non-

metallic Tubing Through Metal Framing MembersException No. 2: A listed and marked steel plate less than
1.6 mm (1⁄16 in.) thick that provides equal or better protection

(1) Nonmetallic-Sheathed Cable In both exposed and con-against nail or screw penetration shall be permitted.
cealed locations where nonmetallic-sheathed cables pass
through either factory or field punched, cut, or drilled slots

The intent of 300.4(A)(1) is to prevent nails and screws or holes in metal members, the cable shall be protected by
from being driven into cables and raceways. Keeping the listed bushings or listed grommets covering all metal edges
edge of a drilled hole 11⁄4 in. from the nearest edge of a that are securely fastened in the opening prior to installation
stud, as shown in Exhibit 300.2, should prevent nails from of the cable.
penetrating the stud far enough to injure a cable. Building
codes limit the maximum size of bored or notched holes in

The phrase ‘‘listed bushing or listed grommet covering allstuds, and 300.4(A)(2) indicates that consideration should
metal edges’’ was new to the 2002 Code. This change re-be given to the size of notches in studs, so as not to affect
quires the use of listed grommets or listed bushings thatthe strength of the structure.
completely encircle Type NM cables as they pass through
holes in metal studs. These listed devices must also securely
seat in the stud opening and meet pull-out requirements
of the product standard. This requirement affords physical
protection for nonmetallic-sheathed cables as the cables are
pulled through the openings in metal studs. Notice, too, that
this requirement mandates all metal studs to be positioned
in place before cable is pulled through protected openings.
Fastening the listed grommet or listed bushing in place prior
to installing cable is also mandatory. Should additional metal
studs become necessary after installation of a cable, the cable
must be removed before the stud is added. Field notching
of metal studs and then installation of the stud around a
nonmetallic sheathed cable already installed or in place leads
to cable damage and can result in insulation failure.

(2) Nonmetallic-Sheathed Cable and Electrical Nonme-
tallic Tubing Where nails or screws are likely to penetrate
nonmetallic-sheathed cable or electrical nonmetallic tubing,
a steel sleeve, steel plate, or steel clip not less than 1.6 mm
(1⁄16 in.) in thickness shall be used to protect the cable or
tubing.

Exhibit 300.2 A steel plate used to protect a nonmetallic- Exception: A listed and marked steel plate less than 1.6 mm
sheathed cable within 11⁄4 in. of the edge of a wood stud. (Courtesy (1⁄16 in.) thick that provides equal or better protection against
of Hubbell RACO) nail or screw penetration shall be permitted.

Exception No. 1 to 300.4(A)(1) and Exception No. 1 This new exception for the 2005 Code permits the use of
steel plates thinner than 1⁄16 in. to protect cables and raceways,to 300.4(A)(2) permit intermediate metal conduit, rigid metal

conduit, rigid nonmetallic conduit, and electrical metallic but only if the plates are specifically listed and marked.
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300.4 Article 300 — Wiring Methods

(C) Cables Through Spaces Behind Panels Designed to
Allow Access Cables or raceway-type wiring methods, in-
stalled behind panels designed to allow access, shall be
supported according to their applicable articles.

Cable- or raceway-type wiring methods installed above sus-
pended ceilings with lift-up panels must not be laid on the
suspended ceiling so as to inhibit access. They are required
to be supported according to 300.11(A), 300.23, and the
requirements of the article applicable to the wiring method
involved. Similarly, low-voltage, optical fiber, broadband,
and communications cables are not permitted to block
access to equipment above the suspended ceiling. Examples
of this requirement are also found in 725.7, 760.7, 770.21,
800.21, 820.21, and 830.21. For support of low-voltage ca-
bles, optical fiber, broadband, and communications cables,
see 720.11, 725.8, 760.8, 770.24, 800.24, 820.24, and

Equal to or
greater than

1    in.

830.24.

Exhibit 300.3 Nonmetallic sheathed cables adjacent to furring
strips in a wood frame structure.

(D) Cables and Raceways Parallel to Framing Members
and Furring Strips In both exposed and concealed loca-

The intent of 300.4(D) is to prevent mechanical damage totions, where a cable- or raceway-type wiring method is
cables and raceways from nails and screws. Revised for theinstalled parallel to framing members, such as joists, rafters,
2005 Code, this section recognizes that cables and racewaysor studs, or is installed parallel to furring strips, the cable
need the same level of physical protection at furring stripsor raceway shall be installed and supported so that the nearest
as they do at framing members where nails and screws areoutside surface of the cable or raceway is not less than 32
likely to penetrate. The Code offers two means of protection.mm (11⁄4 in.) from the nearest edge of the framing member
The first method is to fasten the cable or raceway so that itor furring strips where nails or screws are likely to penetrate.
is at least 11⁄4 in. from the edge of the framing member,Where this distance cannot be maintained, the cable or race-
as illustrated in Exhibit 300.4. This requirement generallyway shall be protected from penetration by nails or screws
applies to exposed and concealed work. The second methodby a steel plate, sleeve, or equivalent at least 1.6 mm (1⁄16

permits the cable or raceway to be installed closer thanin.) thick.
11⁄4 in. from the edge of the framing member if physical
protection, such as a steel plate, its equivalent, or a sleeve,As shown in Exhibit 300.3, NM cables are positioned so as
is provided. (A steel plate is illustrated in Exhibit 300.2.)to equal or exceed the minimum clear distance of 11⁄4 in.
New for the 2005 Code, Exception No. 3 to 300.4(D) permitsthat is required between the furring strip (wood strapping
the use of steel plates thinner than 1⁄16 in. to protect cablesin this case) and the nearest edge of the NM cable as required
and raceways, but only if the plates are specifically listedby 300.4(D).
and marked. As stated in Exception No. 1, the steel plate
requirement does not apply to rigid metal conduit, rigid
nonmetallic conduit, intermediate metal conduit, or electricalException No. 1: Steel plates, sleeves, or the equivalent
metallic tubing wiring methods because those methods pro-shall not be required to protect rigid metal conduit, interme-
vide physical protection for the conductors.diate metal conduit, rigid nonmetallic conduit, or electrical

metallic tubing.

Exception No. 2: For concealed work in finished buildings, (E) Cables and Raceways Installed in Shallow Grooves
or finished panels for prefabricated buildings where such Cable- or raceway-type wiring methods installed in a groove,
supporting is impracticable, it shall be permissible to fish to be covered by wallboard, siding, paneling, carpeting, or
the cables between access points. similar finish, shall be protected by 1.6 mm (1⁄16 in.) thick

steel plate, sleeve, or equivalent or by not less than 32-mmException No. 3: A listed and marked steel plate less than
1.6 mm (1⁄16 in.) thick that provides equal or better protection (11⁄4-in.) free space for the full length of the groove in which

the cable or raceway is installed.against nail or screw penetration shall be permitted.
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300.5Article 300 — Wiring Methods

Conduit bushings constructed wholly of insulating ma-
terial shall not be used to secure a fitting or raceway. The
insulating fitting or insulating material shall have a tempera-
ture rating not less than the insulation temperature rating of
the installed conductors.

Heavy conductors and cables tend to stress the conductor
insulation at raceway terminating points. Providing insulated
bushing or smooth rounded entries at raceway and cable
terminations reduces the risk of insulation failure at conduc-
tor insulation stress points. The temperature ratings of insu-
lating bushing must coordinate with the insulation of the
conductor to ensure that the protection remains intact over
the life cycle of the insulated conductor.

Because this requirement is located in 300.4(F), it ap-
plies generally to all wiring methods and all enclosures. See
also 342.46, 344.46, and 352.46 for information relating to
bushings.

Listed insulating bushings provided separately or as part
of a fitting are colored black or brown if they are suitable
for a temperature of 150�C and any other color for 90�C,
unless specifically marked for a higher temperature. Exhibit
300.5 shows an insulated thermoplastic or fiber bushing that
is used to protect the conductors from chafing against a
metal conduit fitting. Note the use of a double locknut.

12-2 W/G Type
NM-B

11/4  in.  min.

11/4  in. min.

Exhibit 300.4 Cables and raceways installed parallel to framing
members in accordance with 300.4(D).

Exception No. 1: Steel plates, sleeves, or the equivalent
shall not be required to protect rigid metal conduit, interme-
diate metal conduit, rigid nonmetallic conduit, or electrical
metallic tubing.

Exception No. 2: A listed and marked steel plate less than

Insulated thermoplastic
or fiber bushing
(Note: double locknut)

1.6 mm (1⁄16 in.) thick that provides equal or better protection
Exhibit 300.5 An insulating bushing used to protect conductorsagainst nail or screw penetration shall be permitted.
from chafing against a metal conduit fitting.

(F) Insulated Fittings Where raceways containing un-
grounded conductors 4 AWG or larger enter a cabinet, box

300.5 Underground Installationsenclosure, or raceway, the conductors shall be protected by
(A) Minimum Cover Requirements Direct-buried cablea substantial fitting providing a smoothly rounded insulating
or conduit or other raceways shall be installed to meet thesurface, unless the conductors are separated from the fitting
minimum cover requirements of Table 300.5.or raceway by substantial insulating material that is securely

fastened in place.
Conductors under residential driveways must be at least 18

Exception: Where threaded hubs or bosses that are an inte- in. below grade. However, if the conductors are protected
gral part of a cabinet, box enclosure, or raceway provide by an overcurrent device rated at not more than 20 amperes
a smoothly rounded or flared entry for conductors.
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300.5 Article 300 — Wiring Methods

Table 300.5 Minimum Cover Requirements, 0 to 600 Volts, Nominal, Burial in Millimeters (Inches)

Type of Wiring Method or Circuit

Column 5
Circuits for
Control of

Column 4 Irrigation and
Column 3 Residential Branch Landscape

Nonmetallic Circuits Rated 120 Lighting Limited
Raceways Listed Volts or Less with to Not More Than

Column 2 for Direct Burial GFCI Protection 30 Volts and
Column 1 Rigid Metal Without Concrete and Maximum Installed with Type

Direct Burial Conduit or Encasement or Overcurrent UF or in Other
Cables or Intermediate Other Approved Protection of 20 Identified Cable or

Conductors Metal Conduit Raceways Amperes Raceway
Location of Wiring
Method or Circuit mm in. mm in. mm in. mm in. mm in.

All locations not 600 24 150 6 450 18 300 12 150 6
specified below

In trench below 50-mm 450 18 150 6 300 12 150 6 150 6
(2-in.) thick concrete
or equivalent

Under a building 0 0 0 0 0 0 0 0 0 0
(in raceway only) (in raceway only) (in raceway only)

Under minimum of 450 18 100 4 100 4 150 6 150 6
102-mm (4-in.) thick
concrete exterior slab (direct burial)
with no vehicular
traffic and the slab 100 4
extending not less
than 152 mm (6 in.) (in raceway)
beyond the
underground
installation

Under streets, 600 24 600 24 600 24 600 24 600 24
highways, roads,
alleys, driveways,
and parking lots

One- and two-family 450 18 450 18 450 18 300 12 450 18
dwelling driveways
and outdoor parking
areas, and used only
for dwelling-related
purposes

In or under airport 450 18 450 18 450 18 450 18 450 18
runways, including
adjacent areas where
trespassing
prohibited

Notes:
1. Cover is defined as the shortest distance in millimeters (inches) measured between a point on the top surface
of any direct-buried conductor, cable, conduit, or other raceway and the top surface of finished grade, concrete,
or similar cover.
2. Raceways approved for burial only where concrete encased shall require concrete envelope not less than 50
mm (2 in.) thick.
3. Lesser depths shall be permitted where cables and conductors rise for terminations or splices or where access
is otherwise required.
4. Where one of the wiring method types listed in Columns 1–3 is used for one of the circuit types in Columns
4 and 5, the shallowest depth of burial shall be permitted.
5. Where solid rock prevents compliance with the cover depths specified in this table, the wiring shall be installed
in metal or nonmetallic raceway permitted for direct burial. The raceways shall be covered by a minimum of
50 mm (2 in.) of concrete extending down to rock.
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300.5Article 300 — Wiring Methods

(B) Listing Cables and insulated conductors installed inand provided with ground-fault circuit-interrupter (GFCI)
enclosures or raceways in underground installations shall beprotection for personnel, the burial depth may be reduced
listed for use in wet locations.to 12 in. Exhibits 300.6 and 300.7 show examples of under-

ground installations of 18 in. and 12 in., respectively. See
300.50 where circuits exceed 600 volts. Section 310.8(C) and Table 310.13 are used to determine

which general wiring conductor types are permitted to be
installed in wet locations. For the 2005 Code, this listing
requirement was relocated from 300.5(D)(5) to 300.5(B) so
that it would apply to all underground installations covered
by 300.5.

Rigid nonmetallic conduit elbows installed as part of a
long run of conduit are often damaged in the process of
pulling the conductors, due to friction at the bend. For service
raceways, 250.80, Exception, permits a metal elbow to be
installed without being grounded, provided it is isolated from
possible contact by at least 18 in. of cover to any part of
the elbow, as shown in Exhibit 300.8. For other than service
raceways, Exception No. 3 to 250.86 applies.

18 in. min.
(direct burial)

Concrete pad

Lesser depth if installed
below 2-in. concrete pad (12 in.)

Rigid nonmetallic conduit and fittings
directly buried in earth at a depth not
less than 18 in.

Exhibit 300.6 PVC rigid nonmetallic conduit buried in compli-
ance with Table 300.5 and installed in accordance with 300.5(A).

PVC

PVC

Metal elbow permitted
to be ungrounded

18 in. min.

Exhibit 300.8 An application of 250.80, Exception, which permits
the metal elbow to be ungrounded, provided it is isolated from
contact by a minimum cover of 18 in. to any part of the elbow.

(C) Underground Cables Under Buildings Underground
cable installed under a building shall be in a raceway that
is extended beyond the outside walls of the building.

(D) Protection from Damage Direct-buried conductors
and cables shall be protected from damage in accordance
with 300.5(D)(1) through (D)(4).

20-A max.
branch circuit,
GFCI protected

12 in. min.
(direct burial)

(1) Emerging from Grade Direct-buried conductors and
Exhibit 300.7 A 20-ampere, GFCI-protected residential branch

enclosures emerging from grade shall be protected by enclo-circuit installed with a minimum burial depth of 12 in. beneath a
sures or raceways extending from the minimum cover dis-residential driveway.
tance below grade required by 300.5(A) to a point at least
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300.5 Article 300 — Wiring Methods

2.5 m (8 ft) above finished grade. In no case shall the
protection be required to exceed 450 mm (18 in.) below
finished grade.

(2) Conductors Entering Buildings Conductors entering
a building shall be protected to the point of entrance.

(3) Service Conductors Underground service conductors
that are not encased in concrete and that are buried 450
mm (18 in.) or more below grade shall have their location
identified by a warning ribbon that is placed in the trench
at least 300 mm (12 in.) above the underground installation.

Providing a warning ribbon reduces the risk of an accident,
electrocution, or an arc-flash incident during excavation near
underground service conductors that are not encased in con- Exhibit 300.9 An underground splicing method. (Courtesy of 3M

Co., Electrical Markets Division)crete. This provision requiring a warning ribbon does not
extend to feeders and branch circuits because these circuits
contain short-circuit and overload protection.

tures or prevent adequate compaction of fill or contribute
to corrosion of raceways, cables, or other substructures.

(4) Enclosure or Raceway Damage Where the enclosure Where necessary to prevent physical damage to the
or raceway is subject to physical damage, the conductors raceway or cable, protection shall be provided in the form
shall be installed in rigid metal conduit, intermediate metal of granular or selected material, suitable running boards,
conduit, Schedule 80 rigid nonmetallic conduit, or equiva- suitable sleeves, or other approved means.
lent.

(G) Raceway Seals Conduits or raceways through which
(E) Splices and Taps Direct-buried conductors or cables moisture may contact live parts shall be sealed or plugged
shall be permitted to be spliced or tapped without the use at either or both ends.
of splice boxes. The splices or taps shall be made in accor-

FPN: Presence of hazardous gases or vapors may alsodance with 110.14(B). necessitate sealing of underground conduits or raceways
entering buildings.

There is a difference between multiconductor cables labeled
for direct burial and single conductors labeled for direct Section 300.5(G) was editorially revised for the 2005 Code
burial. Because direct-burial multiconductor cables may or to remove the term energized before the phrase live part.
may not contain individual conductors labeled for direct Exhibit 300.10 shows a conduit sealing bushing used to
burial, the overall cable jacket may be the only underground prevent the entrance of gas or moisture. See 230.8 for sealing
protection technique for the contained conductors. Although service raceways.
the direct-burial splicing techniques used on multiconductor
cables can differ widely from the techniques used on direct-

(H) Bushing A bushing, or terminal fitting, with an integralburial single-conductor cables, the Code requirements are
generally the same. The splicing technique should be listed bushed opening shall be used at the end of a conduit or

other raceway that terminates underground where the con-for the cable type and listed for direct burial, due to the
identified requirements and the listing requirements of ductors or cables emerge as a direct burial wiring method.

A seal incorporating the physical protection characteristics110.14(B) and 250.8. An example of an underground splicing
method used with single-conductor direct-burial cables is of a bushing shall be permitted to be used in lieu of a

bushing.shown in Exhibit 300.9.

Exhibit 300.11 shows a Type UF cable buried in compliance
(F) Backfill Backfill that contains large rocks, paving ma- with Table 300.5. Note the protective bushing where the
terials, cinders, large or sharply angular substances, or corro- cable is used with metal conduit. The commentary following
sive material shall not be placed in an excavation where 300.4(F) applies to this requirement also.
materials may damage raceways, cables, or other substruc-
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300.5Article 300 — Wiring Methods

Conductors of the same circuit are also addressed in
300.3(B). Section 300.5(I), Exception No. 1, permits the
installation of paralleled conductors in different raceways.
See 310.4 for conductors in parallel.

Exception No. 2: Isolated phase, polarity, grounded conduc-
tor, and equipment grounding and bonding conductor instal-
lations shall be permitted in nonmetallic raceways or cables
with a nonmetallic covering or nonmagnetic sheath in close
proximity where conductors are paralleled as permitted in
310.4, and where the conditions of 300.20(B) are met.

Isolated phase installations contain only one phase per race-
way or cable. The spacing between isolated phase raceways
and cables should be as small as possible and the length of

Sealing 
bushing

the run limited to avoid increased circuit impedance and the
resulting increase in voltage drop inherent in an installationExhibit 300.10 A conduit sealing bushing used to prevent the
involving ac circuits. Isolated phase installations may beentrance of gas or moisture. (Redrawn courtesy of O-Z/Gedney,
used in ac circuits to limit available fault current at down-a division of EGS Electrical Group)
stream equipment.

Isolated phase installations present an inherent hazard
of overheating, a risk that must be understood and carefully(I) Conductors of the Same Circuit All conductors of the
controlled. This hazard results from induced currents insame circuit and, where used, the grounded conductor and
metal surrounding a raceway that contains only one phaseall equipment grounding conductors shall be installed in the
conductor. [See 300.20(A) and 300.20(B) for more informa-same raceway or cable or shall be installed in close proximity
tion on induced currents in raceways.] The surrounding metalin the same trench.
acts as a shorted transformer turn. In underground installa-

Exception No. 1: Conductors in parallel in raceways or tions, a single conductor is unlikely to be installed in a metal
cables shall be permitted, but each raceway or cable shall raceway or, if it were, is unlikely to present a fire hazard.
contain all conductors of the same circuit including ground- This is not true, however, for aboveground raceways, and
ing conductors.

Exhibit 300.11 A Type UF
cable buried in compliance
with Table 300.5.

Concrete pad

2 in. min.

18 in. 
min.

UF cable buried in earth
with no supplemental protection

24 in. 
min.

18 in. max.
required

Protective bushing

National Electrical Code Handbook 2005 263

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

--```,,``,`,,,`,`,`,`,,,,,,`,,,-`-`,,`,,`,`,,`---



300.6 Article 300 — Wiring Methods

(A) Ferrous Metal Equipment Ferrous metal raceways,it is the reason isolated phase installations have limited
application for aboveground installations. cable trays, cablebus, auxiliary gutters, cable armor, boxes,

cable sheathing, cabinets, metal elbows, couplings, nipples,See 300.3(B)(3) together with 330.31 and 332.31, which
recognize single-conductor Type MI cable and single- fittings, supports, and support hardware shall be suitably

protected against corrosion inside and outside (exceptconductor Type MC cable.
threads at joints) by a coating of approved corrosion-resistant
material. Where corrosion protection is necessary and the
conduit is threaded in the field, the threads shall be coated(J) Ground Movement Where direct-buried conductors,
with an approved electrically conductive, corrosion-resistantraceways, or cables are subject to movement by settlement
compound.or frost, direct-buried conductors, raceways, or cables shall

be arranged so as to prevent damage to the enclosed conduc-
tors or to equipment connected to the raceways. Exhibit 300.12 shows one example of an anti-corrosion

paste-type compound that could be approved for use on
FPN: This section recognizes ‘‘S’’ loops in underground

field-cut conduit threads.direct burial to raceway transitions, expansion fittings in
raceway risers to fixed equipment, and, generally, the
provision of flexible connections to equipment subject
to settlement or frost heaves.

Section 300.5(J) points out the practical need for installers
to allow for movement of direct-buried equipment, cables,
and raceways. Slack must be allowed in cables or expansion
joints, or other measures must be taken if ground movement
due to frost or settlement is anticipated.

(K) Directional Boring Cables or raceways installed using
directional boring equipment shall be approved for the pur-
pose.

Manufacturers of both metal and nonmetallic raceways suit-
able for underground use offer products that can endure
the rigors of boring-type installation methods. One wiring
method introduced in the 2005 Code, high density polyethyl-

Exhibit 300.12 KOPR-Shield� (a registered trademark of Jetene conduit: Type HDPE conduit (Article 353), also can be
Lube), a conductive anti-corrosion surface compound suitableused with boring-type installation methods.
for application on field-cut conduit threads where protection from
corrosion is necessary. (Courtesy of Thomas & Betts)

300.6 Protection Against Corrosion
and Deterioration

Exception: Stainless steel shall not be required to have pro-
Raceways, cable trays, cablebus, auxiliary gutters, cable tective coatings.
armor, boxes, cable sheathing, cabinets, elbows, couplings,
fittings, supports, and support hardware shall be of materials (1) Protected from Corrosion Solely by Enamel Where
suitable for the environment in which they are to be installed. protected from corrosion solely by enamel, ferrous metal

raceways, cable trays, cablebus, auxiliary gutters, cable
armor, boxes, cable sheathing, cabinets, metal elbows, cou-Section 300.6 was reorganized and expanded for the 2005
plings, nipples, fittings, supports, and support hardware shallCode to include protection from deterioration. Information
not be used outdoors or in wet locations as described inon chemical exposure as well as exposure to sunlight for
300.6(D).nonmetallic equipment was added for this edition of the

Code. Section 300.6 applies generally. For specific applica-
(2) Organic Coatings on Boxes or Cabinets Where boxestions, it is necessary to review manufacturers’ information
or cabinets have an approved system of organic coatingsas well as the particular Code article covering the wiring
and are marked ‘‘Raintight,’’ ‘‘Rainproof,’’ or ‘‘Outdoormethod and equipment under consideration.
Type,’’ they shall be permitted outdoors.
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300.7Article 300 — Wiring Methods

(3) In Concrete or in Direct Contact with the Earth Fer- stalled exposed, including all boxes, fittings, raceways, and
cable used therewith, shall be mounted so that there is atrous metal raceways, cable armor, boxes, cable sheathing,

cabinets, elbows, couplings, nipples, fittings, supports, and least a 6-mm (1⁄4-in.) airspace between it and the wall or
supporting surface.support hardware shall be permitted to be installed in con-

crete or in direct contact with the earth, or in areas subject
Exception: Nonmetallic raceways, boxes, and fittings shallto severe corrosive influences where made of material ap-
be permitted to be installed without the airspace on a con-proved for the condition, or where provided with corrosion
crete, masonry, tile, or similar surface.protection approved for the condition.

FPN: In general, areas where acids and alkali chemicals
are handled and stored may present such corrosive condi-Where ferrous or nonferrous metal conduit has corrosion
tions, particularly when wet or damp. Severe corrosive

protection and is judged suitable for the condition, it may conditions may also be present in portions of meatpacking
be installed in concrete, in contact with the earth, or in areas plants, tanneries, glue houses, and some stables; in instal-
exposed to severe corrosive influence. Special precautions lations immediately adjacent to a seashore and swimming

pool areas; in areas where chemical deicers are used; andare normally necessary for installing aluminum conduits
in storage cellars or rooms for hides, casings, fertilizer,in concrete, and specific approval by the authority having
salt, and bulk chemicals.

jurisdiction may be necessary.
Metal raceways installed in the earth can be coated with

The exception to 300.6(D) is in harmony with 547.5(B),an asphalt compound, plastic sheath, or other equivalent
permitting nonmetallic boxes, fittings, conduit, and cablesprotection to help prevent deterioration. Also, metallic race-
to be installed without the airspace in corrosive locations ofways are available with a bonded PVC coating.
agricultural buildings.Galvanized rigid steel conduit and steel intermediate

metal conduit do not generally require supplementary corro-
sion protection.

300.7 Raceways Exposed to Different
Temperatures

(B) Non-Ferrous Metal Equipment Non-ferrous race- (A) Sealing Where portions of a cable raceway or sleeve
ways, cable trays, cablebus, auxiliary gutters, cable armor, are known to be subjected to different temperatures and
boxes, cable sheathing, cabinets, elbows, couplings, nipples, where condensation is known to be a problem, as in cold
fittings, supports, and support hardware embedded or en- storage areas of buildings or where passing from the interior
cased in concrete or in direct contact with the earth shall be to the exterior of a building, the raceway or sleeve shall be
provided with supplementary corrosion protection. filled with an approved material to prevent the circulation

of warm air to a colder section of the raceway or sleeve.
(C) Nonmetallic Equipment Nonmetallic raceways, cable An explosionproof seal shall not be required for this purpose.
trays, cablebus, auxiliary gutters, boxes, cables with a non-
metallic outer jacket and internal metal armor or jacket,

Where a raceway is used to enclose the lighting and refrigera-cable sheathing, cabinets, elbows, couplings, nipples, fit-
tion branch-circuit conductors within a walk-in chest, thetings, supports, and support hardware shall be made of mate-
circulation of air through the raceway from a warmer to arial approved for the condition and shall comply with (C)(1)
colder section could cause condensation within the raceway.and (C)(2) as applicable to the specific installation.
Circulation of air can be prevented by sealing the raceway
with a suitable pliable compound at a conduit body or junc-(1) Exposed to Sunlight Where exposed to sunlight, the
tion box, usually installed in the raceway before it entersmaterials shall be listed as sunlight resistant or shall be
the colder section. Special sealing fittings, such as thoseidentified as sunlight resistant.
used in hazardous (classified) locations, are not necessary.

(2) Chemical Exposure Where subject to exposure to
chemical solvents, vapors, splashing, or immersion, materi-

(B) Expansion Fittings Raceways shall be provided withals or coatings shall either be inherently resistant to chemi-
cals based on its listing or be identified for the specific expansion fittings where necessary to compensate for ther-

mal expansion and contraction.chemical reagent.

FPN: Table 352.44(A) provides the expansion informa-(D) Indoor Wet Locations In portions of dairy processing
tion for polyvinyl chloride (PVC). A nominal numberfacilities, laundries, canneries, and other indoor wet loca-
for steel conduit can be determined by multiplying the

tions, and in locations where walls are frequently washed expansion length in this table by 0.20. The coefficient
or where there are surfaces of absorbent materials, such as of expansion for steel electrical metallic tubing, interme-

diate metal conduit, and rigid conduit is 11.70 � 10�6damp paper or wood, the entire wiring system, where in-
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300.8 Article 300 — Wiring Methods

(0.0000117 mm per mm of conduit for each �C in temper- fittings that provide secure support and that are installed in
ature change) [6.50 � 10�6 (0.0000065 in. per inch of addition to the ceiling grid support wires shall be permitted
conduit for each �F in temperature change)].

as the sole support. Where independent support wires are
used, they shall be secured at both ends. Cables and raceways

This fine print note provides the relationship of linear expan- shall not be supported by ceiling grids.
sion of PVC rigid nonmetallic conduit to steel conduit. For

(1) Fire-Rated Assemblies Wiring located within the cav-example, if a calculation indicated a linear expansion of 11⁄4
ity of a fire-rated floor–ceiling or roof–ceiling assemblyin. for PVC conduit, the steel conduit equivalent of expan-
shall not be secured to, or supported by, the ceiling assembly,sion would be only 1⁄4 in.
including the ceiling support wires. An independent means
of secure support shall be provided and shall be permitted
to be attached to the assembly. Where independent support300.8 Installation of Conductors with
wires are used, they shall be distinguishable by color, tag-Other Systems
ging, or other effective means from those that are part of

Raceways or cable trays containing electric conductors shall
the fire-rated design.

not contain any pipe, tube, or equal for steam, water, air,
Exception: The ceiling support system shall be permittedgas, drainage, or any service other than electrical.
to support wiring and equipment that have been tested as
part of the fire-rated assembly.

Section 300.8 specifically prohibits installation of an electri-
cal conductor in a raceway or cable tray that includes a

Wiring methods of any type and all luminaires are not al-drain, water, oil, air, or similar pipe.
lowed to be supported or secured to the support wires or T
bars of a fire-rated ceiling assembly unless the assembly has

300.10 Electrical Continuity of Metal been tested and listed for that use. If support wires are
selected as the supporting means for the electrical systemRaceways and Enclosures
within the fire-rated ceiling cavity, they must be distinguish-Metal raceways, cable armor, and other metal enclosures
able from the ceiling support wires and must be secured atfor conductors shall be metallically joined together into a
both ends.continuous electric conductor and shall be connected to all

Generally, the rule for supporting electrical equipmentboxes, fittings, and cabinets so as to provide effective electri-
is ‘‘securely fastened in place.’’ This phrase means not onlycal continuity. Unless specifically permitted elsewhere in this
that vertical support for the weight of the equipment mustCode, raceways and cable assemblies shall be mechanically
be provided but also that the equipment must be secured tosecured to boxes, fittings, cabinets, and other enclosures.
prevent horizontal movement or sway. The intention is to
prevent the loss of grounding continuity provided by the

Sections 250.4(A) and 250.4(B) set forth in detail what must raceway that could result from horizontal movement.
be accomplished by the grounding and bonding of metal Sections 300.11(A)(1) and 300.11(A)(2) are quite simi-
parts of the electrical system. The metal parts must form an lar. Unless the exceptions apply, these sections clearly pro-
effective low-impedance path to ground in order to safely hibit all types of wiring from being attached in any way to
conduct any fault current and facilitate the operation of the support wires of a ceiling assembly. Unless ceiling grids
overcurrent devices protecting the enclosed circuit are part of the building structure, they, too, are prohibited
conductors. from furnishing support for cables and raceways. However,

if wiring and equipment are located within the ceiling cavity
and rigidly supported independent of the ceiling, without

Exception No. 1: Short sections of raceways used to provide the use of ceiling-type hanger wire, then the requirements
support or protection of cable assemblies from physical dam- of this section are met.
age shall not be required to be made electrically continuous. Refer to the appropriate wiring method article in Chapter
Exception No. 2: Equipment enclosures to be isolated, as 3 of the Code for cable and raceway supporting requirements.
permitted by 250.96(B), shall not be required to be metalli- See 410.15(A) and 410.16 for the proper support of lumi-
cally joined to the metal raceway. naires; 314.23 for the support of outlet boxes; and 725.8,

760.7, and 770.24 for various low-voltage fire alarm and
300.11 Securing and Supporting optical fiber cable supports. See Chapter 8 for communica-

tions cable supports.(A) Secured in Place Raceways, cable assemblies, boxes,
cabinets, and fittings shall be securely fastened in place.
Support wires that do not provide secure support shall not be FPN: One method of determining fire rating is testing

in accordance with NFPA 251-1999, Standard Methodspermitted as the sole support. Support wires and associated
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300.13Article 300 — Wiring Methods

of Tests of Fire Endurance of Building Construction and
Materials.

(2) Non–Fire-Rated Assemblies Wiring located within the
cavity of a non–fire-rated floor–ceiling or roof–ceiling as-
sembly shall not be secured to, or supported by, the ceiling
assembly, including the ceiling support wires. An indepen-
dent means of secure support shall be provided.

Exception: The ceiling support system shall be permitted
to support branch-circuit wiring and associated equipment
where installed in accordance with the ceiling system manu-
facturer’s instructions.

(B) Raceways Used as Means of Support Raceways shall
be used only as a means of support for other raceways,
cables, or nonelectric equipment under any of the following

Class 2
circuit cable

Power supply raceway

AC

Boiler

conditions:
Exhibit 300.13 Raceways used to support Class 2 thermostat(1) Where the raceway or means of support is identified
cables.

for the purpose
(2) Where the raceway contains power supply conductors

for electrically controlled equipment and is used to sup- cable or raceway to support other raceways and cables is
port Class 2 circuit conductors or cables that are solely properly limited.
for the purpose of connection to the equipment control
circuits

(3) Where the raceway is used to support boxes or conduit 300.12 Mechanical Continuity — Raceways
bodies in accordance with 314.23 or to support lumi- and Cables
naires (fixtures) in accordance with 410.16(F)

Metal or nonmetallic raceways, cable armors, and cable
sheaths shall be continuous between cabinets, boxes, fittings,

The purpose of 300.11(B)(3) is to prevent cables from being or other enclosures or outlets.
attached to the exterior of a raceway. Electrical, telephone,

Exception: Short sections of raceways used to provide sup-and computer cables wrapped around a raceway can prevent
port or protection of cable assemblies from physical damagedissipation of heat from the raceway and affect the tempera-
shall not be required to be mechanically continuous.ture of the conductors therein. This section also prohibits

the use of a raceway as a means of support for nonelectric
equipment, such as suspended ceilings, water pipes, nonelec- 300.13 Mechanical and Electrical
tric signs, and the like, which could cause a mechanical Continuity — Conductors
failure of the raceway.

(A) General Conductors in raceways shall be continuous
However, 300.11(B)(2) does allow the installation of

between outlets, boxes, devices, and so forth. There shall
Class 2 thermostat conductors for a boiler or air conditioner

be no splice or tap within a raceway unless permitted by
unit to be supported by the conduit supplying power to the

300.15; 368.56(A); 376.56; 378.56; 384.56; 386.56; 388.56;
unit, as shown in Exhibit 300.13. These Class 2 circuits

or 390.6.
are functionally associated with the branch-circuit wiring
method.

Splices or taps are prohibited within raceways unless the
raceways are equipped with hinged or removable covers.

(C) Cables Not Used as Means of Support Cable wiring Busway conductors are exempt from this requirement.
methods shall not be used as a means of support for other Splices and taps must be accessible according to 300.15.
cables, raceways, or nonelectrical equipment.

(B) Device Removal In multiwire branch circuits, the con-This section prohibits cables from being used as a means of
tinuity of a grounded conductor shall not depend on devicesupport for other cables, raceways, or nonelectric equipment.
connections such as lampholders, receptacles, and so forth,Taking the requirements of 300.11(B) and 300.11(C) to-
where the removal of such devices would interrupt the conti-gether, the indiscriminate practice of using one supported
nuity.
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300.14 Article 300 — Wiring Methods

Grounded conductors (neutrals) of multiwire branch circuits
supplying receptacles, lampholders, or other such devices
are not permitted to depend on terminal connections for
continuity between devices. For such installations (3- or 4-
wire circuits), a splice is made and a jumper is connected
to the terminal, unless the neutral is looped; that is, a recepta-
cle or lampholder could be replaced without interrupting
the continuity of energized downstream line-to-neutral loads
(see commentary to 300.14). Opening the neutral could cause
unbalanced voltages, and a considerably higher voltage
would be impressed on one part of a multiwire branch circuit,
especially if the downstream line-to-neutral loads were ap-
preciably unbalanced. This requirement does not apply to
individual 2-wire circuits or other circuits that do not contain
a grounded (neutral) conductor.

Box with dimension(s) 
less than 8 in.

Box with opening 8 in. or 
greater in any dimension

6 in. min.

6 in. min.

10 in.

6 in.

10 in.

3 in. 
min.

Exhibit 300.14 Two different boxes with free conductor lengths.
300.14 Length of Free Conductors at Outlets,
Junctions, and Switch Points

cable, Type MC cable, Type MI cable, nonmetallic-sheathedAt least 150 mm (6 in.) of free conductor, measured from
cable, or other cables, a box or conduit body shall be installedthe point in the box where it emerges from its raceway or
at each conductor splice point, outlet point, switch point,cable sheath, shall be left at each outlet, junction, and switch
junction point, termination point, or pull point, unless other-point for splices or the connection of luminaires (fixtures)
wise permitted in 300.15(A) through (M).or devices. Where the opening to an outlet, junction, or

switch point is less than 200 mm (8 in.) in any dimension, (A) Wiring Methods with Interior Access A box or con-
each conductor shall be long enough to extend at least 75

duit body shall not be required for each splice, junction,
mm (3 in.) outside the opening.

switch, pull, termination, or outlet points in wiring methods
with removable covers, such as wireways, multioutlet assem-Exception: Conductors that are not spliced or terminated

at the outlet, junction, or switch point shall not be required blies, auxiliary gutters, and surface raceways. The covers
shall be accessible after installation.to comply with 300.14.

(B) Equipment An integral junction box or wiring com-
A conductor looping through an outlet box and intended for partment as part of approved equipment shall be permitted
connection to receptacles, switches, lampholders, or other in lieu of a box.
such devices requires slack so that terminal connections can
be made easily. See 314.16(B)(1) for more details about (C) Protection A box or conduit body shall not be required
looped conductors. Conductors running through a box should where cables enter or exit from conduit or tubing that is
have sufficient slack to prevent physical damage from the used to provide cable support or protection against physical
insertion of devices or from the use of fixture studs, hickeys, damage. A fitting shall be provided on the end(s) of the
or other fixture supports within the box. conduit or tubing to protect the cable from abrasion.

Since the 1999 Code, 300.14 is more specific about
the measurements of free conductor length required at each Section 300.15(C) permits conduit or tubing to be used
splice point or device outlet. For these free conductor length as support and protection against physical damage without
measurements, see Exhibit 300.14. terminating in a box. It also permits conduit or tubing to be

used as physical protection for underground cables that exit
from buildings or that are located outdoors on poles, without300.15 Boxes, Conduit Bodies, or Fittings —
a box being required on the end of the conduit. A fitting toWhere Required
protect the wires or cables against physical damage is re-

A box shall be installed at each outlet and switch point for quired on the ends of the conduit or tubing.
concealed knob-and-tube wiring.

Fittings and connectors shall be used only with the
specific wiring methods for which they are designed and (D) Type MI Cable A box or conduit body shall not be

required where accessible fittings are used for straight-listed.
Where the wiring method is conduit, tubing, Type AC through splices in mineral-insulated metal-sheathed cable.

2005 National Electrical Code Handbook268

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



300.16Article 300 — Wiring Methods

receptacle needs to be protected from physical damage, a(E) Integral Enclosure A wiring device with integral en-
closure identified for the use, having brackets that securely short length of raceway is installed to the outlet device box.

The cable sheath is removed for the length of the raceway.fasten the device to walls or ceilings of conventional on-
site frame construction, for use with nonmetallic-sheathed The cable is then inserted in the raceway and secured by a

combination fitting that is fastened to the end of the raceway.cable, shall be permitted in lieu of a box or conduit body.

FPN: See 334.30(C); 545.10; 550.15(I); 551.47(E), Ex-
ception No. 1; and 552.48(E), Exception No. 1.

(G) Direct-Buried Conductors As permitted in 300.5(E),
a box or conduit body shall not be required for splices and

Section 300.15(E) applies to a device with an integral enclo- taps in direct-buried conductors and cables.
sure (boxless device) such as the one shown in Exhibit
300.15. (H) Insulated Devices As permitted in 334.40(B), a box

or conduit body shall not be required for insulated devices
supplied by nonmetallic-sheathed cable.

(I) Enclosures A box or conduit body shall not be required
where a splice, switch, terminal, or pull point is in a cabinet
or cutout box, in an enclosure for a switch or overcurrent
device as permitted in 312.8, in a motor controller as permit-
ted in 430.10(A), or in a motor control center.

(J) Luminaires (Fixtures) A box or conduit body shall not
be required where a luminaire (fixture) is used as a raceway
as permitted in 410.31 and 410.32.

(K) Embedded A box or conduit body shall not be required
for splices where conductors are embedded as permitted in
424.40, 424.41(D), 426.22(B), 426.24(A), and 427.19(A).

(L) Manholes and Handhole Enclosures Where accessi-
ble only to qualified persons, a box or conduit body shall
not be required for conductors in manholes or handhole
enclosures, except where connecting to electrical equipment.
The installation shall comply with the provisions of Part
V of Article 110 for manholes, and 314.30 for handhole
enclosures.

For the 2005 Code, handhole enclosures are also included
in this section. See the definition of handhole enclosure in
Article 100.

Exhibit 300.15 A self-contained device (SCD) receptacle. (Cour-
tesy of Pass & Seymour/Legrand�) (M) Closed Loop A box shall not be required with a

closed-loop power distribution system where a device identi-
fied and listed as suitable for installation without a box is(F) Fitting A fitting identified for the use shall be permitted
used.in lieu of a box or conduit body where conductors are not

spliced or terminated within the fitting. The fitting shall be
See Article 780, Closed-Loop and Programmed Power Dis-accessible after installation.
tribution.

Where a cable system makes a transition to a raceway to
provide mechanical protection against damage, 300.15(F) 300.16 Raceway or Cable to Open or
permits the use of a fitting instead of a box. For example, Concealed Wiring
where nonmetallic-sheathed cable that runs overhead on

(A) Box or Fitting A box or terminal fitting having a sepa-floor joists and drops down on a masonry wall to supply a
rately bushed hole for each conductor shall be used wherever
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300.17 Article 300 — Wiring Methods

Exception: Short sections of raceways used to contain con-a change is made from conduit, electrical metallic tubing,
electrical nonmetallic tubing, nonmetallic-sheathed cable, ductors or cable assemblies for protection from physical

damage shall not be required to be installed complete be-Type AC cable, Type MC cable, or mineral-insulated, metal-
sheathed cable and surface raceway wiring to open wiring tween outlet, junction, or splicing points.
or to concealed knob-and-tube wiring. A fitting used for this
purpose shall contain no taps or splices and shall not be One of the primary functions of a raceway is to provide
used at luminaire (fixture) outlets. physical protection for conductors. If raceways are incom-

plete at the time of conductor installation, a greater possibil-(B) Bushing A bushing shall be permitted in lieu of a box
ity exists for damage to the conductors.or terminal where the conductors emerge from a raceway and

Section 300.18(A) does, however, permit the installationenter or terminate at equipment, such as open switchboards,
of conductors in a raceway prior to the complete installationunenclosed control equipment, or similar equipment. The
of the raceway, up to the point of utilization. The motorbushing shall be of the insulating type for other than lead-
installation shown in Exhibit 300.16 is a typical application,sheathed conductors.
where the motor is supplied through liquidtight flexible
metal conduit that terminates in the motor terminal box300.17 Number and Size of Conductors in
through a 90 degree angle connector. Wiring a fixture whipRaceway
prior to connecting a luminaire is also permitted by this

The number and size of conductors in any raceway shall section.
not be more than will permit dissipation of the heat and The exception, new for the 2005 Code, points out that
ready installation or withdrawal of the conductors without these requirements do not apply to certain short sections of
damage to the conductors or to their insulation. raceways used for physical protection of cables.

FPN: See the following sections of this Code: intermedi-
ate metal conduit, 342.22; rigid metal conduit, 344.22;
flexible metal conduit, 348.22; liquidtight flexible metal
conduit, 350.22; rigid nonmetallic conduit, 352.22; liq-
uidtight nonmetallic flexible conduit, 356.22; electrical
metallic tubing, 358.22; flexible metallic tubing, 360.22;
electrical nonmetallic tubing, 362.22; cellular concrete
floor raceways, 372.11; cellular metal floor raceways,
374.5; metal wireways, 376.22; nonmetallic wireways,
378.22; surface metal raceways, 386.22; surface nonme-
tallic raceways, 388.22; underfloor raceways, 390.5; fix-
ture wire, 402.7; theaters, 520.6; signs, 600.31(C);
elevators, 620.33; audio signal processing, amplification,
and reproduction equipment, 640.23(A) and 640.24;
Class 1, Class 2, and Class 3 circuits, Article 725; fire
alarm circuits, Article 760; and optical fiber cables and
raceways, Article 770.

Listed wire-pulling compounds are available to assist in the

Junction box

Raceway

Conductors permitted to be 
installed prior to completion 
of raceway termination

Liquidtight 
flexible metal 
conduit

To motor 
terminal box

process of pulling wires into raceways. As pointed out in
Exhibit 300.16 An application of 300.18(A), which permits the310.9, wire-pulling compounds should not be used if they
conductors supplying a motor through liquidtight flexible metalhave a harmful effect on either the conductor or the conductor
conduit to be installed prior to the connection of the raceway toinsulation.
the motor terminal box.

300.18 Raceway Installations
(B) Welding Metal raceways shall not be supported, termi-

(A) Complete Runs Raceways, other than busways or ex- nated, or connected by welding to the raceway unless specifi-
posed raceways having hinged or removable covers, shall cally designed to be or otherwise specifically permitted to
be installed complete between outlet, junction, or splicing be in this Code.
points prior to the installation of conductors. Where required
to facilitate the installation of utilization equipment, the

300.19 Supporting Conductors inraceway shall be permitted to be initially installed without
Vertical Racewaysa terminating connection at the equipment. Prewired raceway

assemblies shall be permitted only where specifically permit- (A) Spacing Intervals — Maximum Conductors in verti-
cal raceways shall be supported if the vertical rise exceedsted in this Code for the applicable wiring method.
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300.19Article 300 — Wiring Methods

Table 300.19(A) Spacings for Conductor Supports

Conductors

Aluminum or Copper-Clad
Aluminum Copper

Support of Conductors in
Size of Wire Vertical Raceways m ft m ft

18 AWG through 8 AWG Not greater than 30 100 30 100
6 AWG through 1/0 AWG Not greater than 60 200 30 100
2/0 AWG through 4/0 AWG Not greater than 55 180 25 80
Over 4/0 AWG through 350 kcmil Not greater than 41 135 18 60
Over 350 kcmil through 500 kcmil Not greater than 36 120 15 50
Over 500 kcmil through 750 kcmil Not greater than 28 95 12 40
Over 750 kcmil Not greater than 26 85 11 35

requirement prevents the weight of the conductors fromthe values in Table 300.19(A). One cable support shall be
provided at the top of the vertical raceway or as close to damaging the insulation where they leave the conduit and

prevents the conductors from being pulled out of the termi-the top as practical. Intermediate supports shall be provided
as necessary to limit supported conductor lengths to not nals. Support bushings or cleats such as those shown in

Exhibits 300.17 and 300.18 may be used, in addition togreater than those values specified in Table 300.19(A).
many other types of grips manufactured for this purpose.Exception: Steel wire armor cable shall be supported at the

Exampletop of the riser with a cable support that clamps the steel
wire armor. A safety device shall be permitted at the lower A vertical raceway contains 1/0 AWG copper conductors.
end of the riser to hold the cable in the event there is slippage One cable support near the top of the run would be required
of the cable in the wire-armored cable support. Additional if the vertical run exceeds 100 ft. Intermediate supports may
wedge-type supports shall be permitted to relieve the strain be required to limit the supported length to the table values.
on the equipment terminals caused by expansion of the cable If the vertical run is less than 100 ft, cable supports would
under load. not be required.

(B) Support Methods One of the following methods of
support shall be used.

(1) By clamping devices constructed of or employing insu-
lating wedges inserted in the ends of the raceways.
Where clamping of insulation does not adequately sup-
port the cable, the conductor also shall be clamped.

(2) By inserting boxes at the required intervals in which
insulating supports are installed and secured in a satis-
factory manner to withstand the weight of the conduc-
tors attached thereto, the boxes being provided with
covers.

(3) In junction boxes, by deflecting the cables not less than
90 degrees and carrying them horizontally to a distance
not less than twice the diameter of the cable, the cables
being carried on two or more insulating supports and
additionally secured thereto by tie wires if desired.
Where this method is used, cables shall be supported

Support bushing 
with properly sized 
support wedge

at intervals not greater than 20 percent of those men-
tioned in the preceding tabulation.

Exhibit 300.17 A support bushing, located at the top of a vertical(4) By a method of equal effectiveness.
conduit at a cabinet or pull box, used to prevent the weight of
the conductors from damaging insulation or placing strain on

Conductors in long vertical runs must be supported if the termination points. (Redrawn courtesy of O-Z/Gedney, a division
of EGS Electrical Group)vertical rise exceeds the values in Table 300.19(A). This
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300.20 Article 300 — Wiring Methods

inductive heating effect can be ignored where these conduc-
tors are placed in metal enclosures or pass through metal.

FPN: Because aluminum is not a magnetic metal, there
will be no heating due to hysteresis; however, induced
currents will be present. They will not be of sufficient
magnitude to require grouping of conductors or special
treatment in passing conductors through aluminum wall
sections.

Section 300.3(B)(3) permits single-conductor Type MI cable
as well as single-conductor Type MC cable. In addition to
requirements contained in their respective articles (Article
332 for Type MI and Article 330 for Type MC), the installa-
tion must conform to 300.20 regarding inductive effects.

300.21 Spread of Fire or Products
of Combustion

Pull box

Support cleats

Electrical installations in hollow spaces, vertical shafts, and
Exhibit 300.18 Support cleats used to prevent the weight of ventilation or air-handling ducts shall be made so that the
vertical conductors from damaging insulation or placing strain on possible spread of fire or products of combustion will not
termination points.

be substantially increased. Openings around electrical pene-
trations through fire-resistant–rated walls, partitions, floors,
or ceilings shall be firestopped using approved methods to
maintain the fire resistance rating.300.20 Induced Currents in Metal Enclosures or

Metal Raceways FPN: Directories of electrical construction materials
published by qualified testing laboratories contain many(A) Conductors Grouped Together Where conductors
listing installation restrictions necessary to maintain thecarrying alternating current are installed in metal enclosures fire-resistive rating of assemblies where penetrations or

or metal raceways, they shall be arranged so as to avoid openings are made. Building codes also contain restric-
heating the surrounding metal by induction. To accomplish tions on membrane penetrations on opposite sides of a

fire-resistance–rated wall assembly. An example is thethis, all phase conductors and, where used, the grounded
600-mm (24-in.) minimum horizontal separation thatconductor and all equipment grounding conductors shall be
usually applies between boxes installed on opposite sidesgrouped together. of the wall. Assistance in complying with 300.21 can be
found in building codes, fire resistance directories, andException No. 1: Equipment grounding conductors for cer-
product listings.tain existing installations shall be permitted to be installed

separate from their associated circuit conductors where run
The intent of 300.21 is that cables, cable trays, and racewaysin accordance with the provisions of 250.130(C).
be installed through rated wall, floor, and ceiling assemblies

Exception No. 2: A single conductor shall be permitted to
in such a manner that they do not contribute to the spread

be installed in a ferromagnetic enclosure and used for skin-
of fire or the products of combustion. NFPA 221, Standard

effect heating in accordance with the provisions of 426.42
for Fire Walls and Fire Barrier Walls, defines fire resistance

and 427.47.
rating as ‘‘the time, in minutes or hours, that materials or
assemblies have withstood a fire test exposure’’ that ‘‘should(B) Individual Conductors Where a single conductor car-
be established in accordance with the test procedures ofrying alternating current passes through metal with magnetic
NFPA 251, Standard Methods of Tests of Fire Enduranceproperties, the inductive effect shall be minimized by (1)
of Building Construction and Materials.’’ (ASTM E 119,cutting slots in the metal between the individual holes
Standard Test Methods for Fire Tests of Building Construc-through which the individual conductors pass or (2) passing
tion and Materials, and ANSI/UL 263, Standard for Fireall the conductors in the circuit through an insulating wall
Tests of Building Construction and Materials, are similar tosufficiently large for all of the conductors of the circuit.
NFPA 251.)

Exception: In the case of circuits supplying vacuum or elec- Further, NFPA 221, Section 4.2, Penetration Seals, states
tric-discharge lighting systems or signs or X-ray apparatus, the following:
the currents carried by the conductors are so small that the
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300.22Article 300 — Wiring Methods

purpose of restricting the movement of smoke in accordanceAll through-penetration protection systems shall be tested
and rated in accordance with ASTM E 814, Standard with the NFPA 101, Life Safety Code.
Test Method for Fire Tests of Through-Penetration Fire Materials used in firestop systems are to be installed in
Stops, or ANSI/UL 1479, Fire Test of Through- accordance with the manufacturers’ instructions provided
Penetration Fire Stops. The positive pressure difference with the materials. The structural integrity of the floor or wall
between the exposed and unexposed surfaces of the test assembly needs to be evaluated when providing openings for
assembly shall not be less than 0.01 in. (2.5 Pa) water

the penetrating items.gauge. A through-penetration protection system shall
A firestop system, the seals for which are shown inhave an F rating not less than the required fire resistance

Exhibit 300.19, may be used to meet the requirements ofrating of the fire wall or fire barrier wall.
300.21.Exception: Concrete, mortar, or grout shall be per-

mitted with maximum 6-in. (153-mm) nominal diameter
steel or copper pipe or steel conduit. Concrete, mortar,
or grout shall be the thickness required to maintain the
required fire resistance rating of the wall being pene-
trated. The maximum opening size shall be 144 in.2 (0.094
m2).

According to the 2004 UL Fire Resistance Directory —
Volume 2A, Category XHEX, Through-Penetration Firestop
Systems, a firestop system is a specific construction con-
sisting of a wall or floor assembly, a penetrating item passing
through an opening in the wall or floor assembly, and the
materials designed to prevent the spread of fire through
the openings. The specifications for materials in a firestop
system and the assembly of the materials are details that
directly relate to the established ratings. Information con-
cerning these details is described in the individual systems. Exhibit 300.19 Fire seals used in a through-penetration firestop

system to maintain the fire resistance rating of the wall, as re-The hourly ratings apply only to the complete systems. Indi-
quired by 300.21. (Courtesy of O-Z/Gedney, a division of EGSvidual components are designated for use in a specific system
Electrical Group)to achieve specified ratings. The individual components are

not assigned ratings and are not intended to be interchanged
between systems. Additionally, the substitution or elimina- 300.22 Wiring in Ducts, Plenums, and Other
tion of components required in a system should not be made

Air-Handling Spacesunless specifically permitted in the individual system or in
The provisions of this section apply to the installation andthe general guidelines.
uses of electric wiring and equipment in ducts, plenums,The basic standard used to investigate products in this
and other air-handling spaces.category is ANSI/UL 1479 (ASTM E 814-02), Standard for

Fire Tests of Through-Penetration Firestops. This document FPN: See Article 424, Part VI, for duct heaters.
defines the criteria for hourly F, T, and L ratings for firestop
systems. The F rating criteria prohibit flame passage through (A) Ducts for Dust, Loose Stock, or Vapor Removal No
the system and require acceptable hose stream test perfor- wiring systems of any type shall be installed in ducts used to
mance. The T rating criteria prohibit flame passage through transport dust, loose stock, or flammable vapors. No wiring
the system and require the maximum temperature rise on system of any type shall be installed in any duct, or shaft
the unexposed surface of the wall or floor assembly, on the containing only such ducts, used for vapor removal or for
penetrating item, and on the fill material not to exceed 325�F ventilation of commercial-type cooking equipment.
(181�C) above ambient and require acceptable hose stream

(B) Ducts or Plenums Used for Environmental Air Onlytest performance. The L rating criteria determine the amount
wiring methods consisting of Type MI cable, Type MC cableof air leakage, in cubic feet per minute per square foot of
employing a smooth or corrugated impervious metal sheathopening (CFM/sq ft), through the firestop system at ambient
without an overall nonmetallic covering, electrical metallicand/or 400�F air temperatures at an air pressure differential of
tubing, flexible metallic tubing, intermediate metal conduit,0.30 in. W.C. The L ratings are intended to assist authorities
or rigid metal conduit without an overall nonmetallic cov-having jurisdiction and others in determining the suitability
ering shall be installed in ducts or plenums specificallyof firestop systems for the protection of penetrations and
fabricated to transport environmental air. Flexible metal con-miscellaneous openings in floors and smoke barriers for the
duit shall be permitted, in lengths not to exceed 1.2 m
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300.22 Article 300 — Wiring Methods

air. This section does not apply to habitable rooms and other(4 ft), to connect physically adjustable equipment and de-
vices permitted to be in these ducts and plenum chambers. areas whose prime purpose is other than air handling. Such

an area is shown in Exhibit 300.20. If the prime purpose ofThe connectors used with flexible metal conduit shall effec-
tively close any openings in the connection. Equipment and the room or space is air handling as depicted in Exhibit

300.20, then the restrictions in 300.22(C) apply, whether ordevices shall be permitted within such ducts or plenum
chambers only if necessary for their direct action upon, or not electrical equipment is located in the room.
sensing of, the contained air. Where equipment or devices
are installed and illumination is necessary to facilitate main-
tenance and repair, enclosed gasketed-type luminaires (fix-
tures) shall be permitted.

Section 300.22 limits the use of materials that would contrib-
ute smoke and products of combustion during a fire in an
area that handles environmental air, and 300.22(B) provides
for an effective barrier against the spread of products of
combustion into the ducts or plenums.

Section 300.22(B) applies to sheet metal ducts and other
ducts and plenums specifically constructed to transport envi-
ronmental air. Because equipment and devices such as lumi-
naires and motors are not normally permitted in ducts or
plenums, the wiring methods in 300.22(B) differ from those
permitted in 300.22(C). For the 2005 Code, the limited list
of wiring methods permitted to be used in the spaces given

Air
handler

Panelboard

Habitable area
( such as offices,
classrooms, or
retail spaces)

Other space used for environmental air
(such as space above suspended ceiling)

Air-handling
room or space
(such as
mechanical
room)

in 300.22(B) became further restricted by removing the per-
Exhibit 300.20 An application of 300.22(C). Ordinary wiringmission to use liquidtight flexible metallic conduit. Prior to
methods are permitted in habitable areas that are not used pri-the 2005 edition, liquidtight flexible metallic conduit was
marily for air handling. Only wiring methods described inpermitted to be used in lengths not exceeding 4 ft within
300.22(C)(1) are permitted in rooms or spaces that are primarilyducts or plenums used for environmental air. However, the
used for air handling.

permission to use liquidtight flexible metallic conduit was
removed because the overall nonmetallic outer covering is
not evaluated for the proper fire retardancy and smoke index

Exception: This section shall not apply to the joist or studrating where used within ducts or plenums used for environ-
spaces of dwelling units where the wiring passes throughmental air.
such spaces perpendicular to the long dimension of such
spaces.

(C) Other Space Used for Environmental Air This sec-
The exception to 300.22(C) permits cable to pass throughtion applies to space used for environmental air-handling
joist or stud spaces of a dwelling unit, as illustrated in Exhibitpurposes other than ducts and plenums as specified in
300.21. The joist space is covered with sheet metal and used300.22(A) and (B). It does not include habitable rooms or
as a cold-air return for a forced warm-air central heatingareas of buildings, the prime purpose of which is not air
system. Equipment such as junction boxes or device enclo-handling.
sures is not permitted in this location.

FPN: The space over a hung ceiling used for environ-
mental air-handling purposes is an example of the type
of other space to which this section applies. (1) Wiring Methods The wiring methods for such other

space shall be limited to totally enclosed, nonventilated,
insulated busway having no provisions for plug-in connec-Section 300.22(C) applies to other spaces that are used to
tions, Type MI cable, Type MC cable without an overalltransport environmental air and that are not specifically man-
nonmetallic covering, Type AC cable, or other factory-ufactured as ducts or plenums, such as the space or cavity
assembled multiconductor control or power cable that isbetween a structural floor or roof and a suspended (hung)
specifically listed for the use, or listed prefabricated cableceiling. Many spaces above suspended ceilings are intended
assemblies of metallic manufactured wiring systems withoutto transport return air. Some spaces are also used for supply
nonmetallic sheath. Other types of cables and conductorsair, but they are far less common than those used for return
shall be installed in electrical metallic tubing, flexible metal-
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300.23Article 300 — Wiring Methods

(D) Information Technology Equipment Electric wiring
in air-handling areas beneath raised floors for information
technology equipment shall be permitted in accordance with
Article 645.

300.23 Panels Designed to Allow Access
Cables, raceways, and equipment installed behind panels
designed to allow access, including suspended ceiling pan-
els, shall be arranged and secured so as to allow the removal
of panels and access to the equipment.

Section 300.23 is intended to prevent the excess accumula-
tion of wires and cables that could limit access to electrical

Cable

Cold-air
return

equipment by preventing the removal of access panels.

Exhibit 300.21 A cable passing through joist spaces of a dwell-
ing unit, as permitted by 300.22(C), Exception. II. Requirements for Over

600 Volts, Nominal

Part II of Article 300 was changed for the 1999 Code. Some
lic tubing, intermediate metal conduit, rigid metal conduit of the requirements previously located in Article 710, Over
without an overall nonmetallic covering, flexible metal con- 600 Volts, Nominal, General, in the 1996 Code are now in
duit, or, where accessible, surface metal raceway or metal Article 300, Part II. The flow chart shown in Exhibit 300.22
wireway with metal covers or solid bottom metal cable tray shows the relocated and reorganized sections.
with solid metal covers.

Revised for the 2002 Code, 300.22(C)(1) no longer permits
liquidtight flexible metal conduit as covered in Article 350
to be installed within ‘‘other spaces used for environmental
air.’’ The previous exception permitting this application for
single lengths up to 6 ft was removed.

(2) Equipment Electrical equipment with a metal enclo-
sure, or with a nonmetallic enclosure listed for the use and
having adequate fire-resistant and low-smoke-producing
characteristics, and associated wiring material suitable for
the ambient temperature shall be permitted to be installed
in such other space unless prohibited elsewhere in this Code.

Electrical equipment with metal enclosures is allowed within
spaces used for environmental air. However, nonmetallic
enclosures must be listed for this use.

Exception: Integral fan systems shall be permitted where
specifically identified for such use.

Article 300 Wiring Methods

Part II. Requirements for 
Over 600 Volts, Nominal 

300.31 Covers required
300.32 Conductors of 

different systems
300.34 Conductor bending 

radius
300.35 Protection against 

inductive heating
300.37 Aboveground 

wiring methods
300.39 Braid-covered ...
300.40 Insulation shielding
300.42 Moisture or 

mechanical protection ...
300.50 Underground 

Installations
(A) General
(B) Protection from 
damage
(C) Splices
(D) Backfill
(E) Raceway seal

Table 300.50 Minimum 
cover requirements

Article 710
Over 600 Volts, Nominal, 

General

710-4 Wiring methods

710-4(a) Aboveground 
conductors

710-4(b) Underground 
conductors
(1) Protection from 
damage
(2) Splices
(3) Backfill
(4) Raceway seal

Table 710-4(b) Minimum 
cover

710-5 Braid-covered 
insulated conductors-
open insulation

710-6 Insulation shielding

710-8 Moisture or 
mechanical protection 
for metal-sheathed 
cables

1996 2002

It is not intended that the requirements of 300.22(B) or
300.22(C) apply to air-handling areas beneath raised floors in Exhibit 300.22 The relocation of Article 710, Over 600 Volts,
information technology rooms. See Article 645, Information Nominal, General (1996 Code) into Article 300, Part II (2002

Code).Technology Equipment.
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300.31 Article 300 — Wiring Methods

300.31 Covers Required mm (1 in.) for each kilovolt of the conductor-to-ground
voltage of the circuit.Suitable covers shall be installed on all boxes, fittings, and

similar enclosures to prevent accidental contact with ener-
300.40 Insulation Shieldinggized parts or physical damage to parts or insulation.
Metallic and semiconducting insulation shielding compo-

300.32 Conductors of Different Systems nents of shielded cables shall be removed for a distance
dependent on the circuit voltage and insulation. Stress reduc-See 300.3(C)(2).
tion means shall be provided at all terminations of factory-
applied shielding.300.34 Conductor Bending Radius

Metallic shielding components such as tapes, wires, orThe conductor shall not be bent to a radius less than 8 times
braids, or combinations thereof, and their associated con-the overall diameter for nonshielded conductors or 12 times
ducting or semiconducting components shall be grounded.the overall diameter for shielded or lead-covered conductors

during or after installation. For multiconductor or multi-
300.42 Moisture or Mechanical Protection forplexed single conductor cables having individually shielded
Metal-Sheathed Cablesconductors, the minimum bending radius is 12 times the

diameter of the individually shielded conductors or 7 times Where cable conductors emerge from a metal sheath and
the overall diameter, whichever is greater. where protection against moisture or physical damage is

necessary, the insulation of the conductors shall be protected
300.35 Protection Against Induction Heating by a cable sheath terminating device.
Metallic raceways and associated conductors shall be ar-

300.50 Underground Installationsranged so as to avoid heating of the raceway in accordance
with the applicable provisions of 300.20. (A) General Underground conductors shall be identified

for the voltage and conditions under which they are installed.
300.37 Aboveground Wiring Methods Direct burial cables shall comply with the provisions of
Aboveground conductors shall be installed in rigid metal 310.7. Underground cables shall be installed in accordance
conduit, in intermediate metal conduit, in electrical metallic with 300.50(A)(1) or (A)(2), and the installation shall meet
tubing, in rigid nonmetallic conduit, in cable trays, as bus- the depth requirements of Table 300.50.
ways, as cablebus, in other identified raceways, or as exposed

(1) Shielded Cables and Nonshielded Cables in Metal-runs of metal-clad cable suitable for the use and purpose.
Sheathed Cable Assemblies Underground cables, includ-In locations accessible to qualified persons only, exposed
ing nonshielded, Type MC and moisture-impervious metalruns of Type MV cables, bare conductors, and bare busbars
sheath cables, shall have those sheaths grounded throughshall also be permitted. Busbars shall be permitted to be
an effective grounding path meeting the requirements ofeither copper or aluminum.
250.4(A)(5) or (B)(4). They shall be direct buried or installed
in raceways identified for the use.

In transformer vaults, switch rooms, and similar areas re-
stricted to qualified personnel, any suitable wiring method (2) Other Nonshielded Cables Other nonshielded cables
may be used. Exposed wiring using bare or insulated conduc- not covered in 300.50(A)(1) shall be installed in rigid metal
tors on insulators is commonly employed, as is rigid metal conduit, intermediate metal conduit, or rigid nonmetallic
conduit and rigid nonmetallic conduit. Throughout 300.37 conduit encased in not less than 75 mm (3 in.) of concrete.
as well as 300.39, the term exposed was substituted for the

(B) Protection from Damage Conductors emerging fromterm open. Exposed is preferred since it is a defined term
the ground shall be enclosed in listed raceways. Racewaysin Article 100.
installed on poles shall be of rigid metal conduit, intermedi-
ate metal conduit, PVC Schedule 80, or equivalent, ex-

300.39 Braid-Covered Insulated Conductors — tending from the minimum cover depth specified in Table
Exposed Installation 300.50 to a point 2.5 m (8 ft) above finished grade. Conduc-

tors entering a building shall be protected by an approvedExposed runs of braid-covered insulated conductors shall
enclosure or raceway from the minimum cover depth to thehave a flame-retardant braid. If the conductors used do not
point of entrance. Where direct-buried conductors, raceways,have this protection, a flame-retardant saturant shall be ap-
or cables are subject to movement by settlement or frost,plied to the braid covering after installation. This treated
they shall be installed to prevent damage to the enclosedbraid covering shall be stripped back a safe distance at
conductors or to the equipment connected to the raceways.conductor terminals, according to the operating voltage.
Metallic enclosures shall be grounded.Where practicable, this distance shall not be less than 25
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300.50Article 310 — Conductors for General Wiring

Table 300.50 Minimum Cover1 Requirements

General Conditions (not otherwise specified) Special Conditions (use if applicable)

(4) (6)
Raceways under (5) Areas subject to

(3) buildings or Cables in airport vehicular traffic,
(2) Rigid Metal exterior concrete runways or such as

(1) Rigid Conduit and slabs, 100 mm (4 adjacent areas thoroughfares
Direct-Buried Nonmetallic Intermediate in.) minimum where trespass is and commercial

Cables Conduit2 Metal Conduit thickness3 prohibited parking areas

Circuit Voltage mm in. mm in. mm in. mm in. mm in. mm in.

Over 600 V through 750 30 450 18 150 6 100 4 450 18 600 24
22 kV

Over 22 kV through 900 36 600 24 150 6 100 4 450 18 600 24
40 kV

Over 40 kV 1000 42 750 30 150 6 100 4 450 18 600 24

Notes:
1. Lesser depths shall be permitted where cables and conductors rise for terminations or splices or where access is
otherwise required.
2. Where solid rock prevents compliance with the cover depths specified in this table, the wiring shall be installed
in a metal or nonmetallic raceway permitted for direct burial. The raceways shall be covered by a minimum of 50
mm (2 in.) of concrete extending down to rock.
1 Cover is defined as the shortest distance in millimeters (inches) measured between a point on the top surface of
any direct-buried conductor, cable, conduit, or other raceway and the top surface of finished grade, concrete, or
similar cover.
2 Listed by a qualified testing agency as suitable for direct burial without encasement. All other nonmetallic systems
shall require 50 mm (2 in.) of concrete or equivalent above conduit in addition to the table depth.
3 The slab shall extend a minimum of 150 mm (6 in.) beyond the underground installation, and a warning ribbon
or other effective means suitable for the conditions shall be placed above the underground installation.

(C) Splices Direct burial cables shall be permitted to be of moisture or gases, or it shall be so arranged to prevent
moisture from contacting live parts.spliced or tapped without the use of splice boxes, provided

they are installed using materials suitable for the application.
The taps and splices shall be watertight and protected from

ARTICLE 310mechanical damage. Where cables are shielded, the shielding
shall be continuous across the splice or tap. Conductors for General Wiring
Exception: At splices of an engineered cabling system, me-
tallic shields of direct-buried single-conductor cables with Summary of Changes
maintained spacing between phases shall be permitted to

• 310.4: Revised to require that where parallel conductors
be interrupted and overlapped. Where shields are inter-

are in separate raceways or cables, each separate cable or
rupted and overlapped, each shield section shall be

raceway must contain the same number of conductors.
grounded at one point.

• 310.6, Exception: Revised to permit the use of non-
(D) Backfill Backfill containing large rocks, paving mate- shielded insulated conductors to limit such applications
rials, cinders, large or sharply angular substances, or corro- to 2400 volts.
sive materials shall not be placed in an excavation where • 310.8(D): Added item No. 3 to permit listed or listed and
materials can damage or contribute to the corrosion of race- marked taping or sleeving as a means to make conductors
ways, cables, or other substructures or where it may prevent sunlight resistant.
adequate compaction of fill.

• 310.10, FPN No. 2: Added FPN warning that conductorsProtection in the form of granular or selected material
in close proximity to rooftops may experience a tempera-or suitable sleeves shall be provided to prevent physical
ture rise of 17�C (30�F) above ambient.damage to the raceway or cable.

• 310.15(B)(2): Revised to clarify that each current-carrying
(E) Raceway Seal Where a raceway enters from an under- conductor of a parallel set of conductors is to be counted
ground system, the end within the building shall be sealed as a current-carrying conductor.
with an identified compound so as to prevent the entrance

National Electrical Code Handbook 2005 277

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



310.1 Article 310 — Conductors for General Wiring

FPN: For flexible cords and cables, see Article 400. For
• Figure 310.60: Deleted detail 4 (9 electrical ducts) be- fixture wires, see Article 402.

cause it did not have a corresponding cross-reference in
Table 310.77 through Table 310.86. 310.2 Conductors

As the electrical industry moves toward global suppliers of
insulated conductors, it is important for the user to under-Contents
stand that all ‘‘insulated’’ conductors are not equal. Only

310.1 Scope wires and cables that meet the minimum fire, electrical, and
310.2 Conductors physical properties required by the applicable standards are

(A) Insulated permitted to be marked with the letter designations found
(B) Conductor Material in Table 310.13, Table 310.61, and Table 310.62. See 310.13

310.3 Stranded Conductors for the requirements of insulated conductor construction and
310.4 Conductors in Parallel applications.
310.5 Minimum Size of Conductors
310.6 Shielding
310.7 Direct Burial Conductors (A) Insulated Conductors shall be insulated.
310.8 Locations

Exception: Where covered or bare conductors are specifi-
(A) Dry Locations cally permitted elsewhere in this Code.
(B) Dry and Damp Locations

FPN: See 250.184 for insulation of neutral conductors(C) Wet Locations
of a solidly grounded high-voltage system.(D) Locations Exposed to Direct Sunlight

310.9 Corrosive Conditions
(B) Conductor Material Conductors in this article shall310.10 Temperature Limitation of Conductors
be of aluminum, copper-clad aluminum, or copper unless310.11 Marking
otherwise specified.(A) Required Information

(B) Method of Marking
310.3 Stranded Conductors(C) Suffixes to Designate Number of Conductors
Where installed in raceways, conductors of size 8 AWG and(D) Optional Markings
larger shall be stranded.310.12 Conductor Identification

(A) Grounded Conductors Exception: As permitted or required elsewhere in this Code.
(B) Equipment Grounding Conductors
(C) Ungrounded Conductors

Larger-size conductors are required to be stranded to provide310.13 Conductor Constructions and Applications
greater flexibility. This requirement does not apply to bus-310.14 Aluminum Conductor Material
bars and the conductors of Type MI mineral-insulated metal-310.15 Ampacities for Conductors Rated 0 – 2000 Volts
sheathed cable. In addition, the bonding conductors of a(A) General
common bonding grid of a permanently installed swimming(B) Tables
pool are required to be solid, nonstranded conductors of 8(C) Engineering Supervision
AWG or larger, according to 680.26(C).310.60 Conductors Rated 2001 to 35,000 Volts

(A) Definitions
(B) Ampacities of Conductors Rated 2001 to 35,000 310.4 Conductors in Parallel

Volts
Aluminum, copper-clad aluminum, or copper conductors of(C) Tables
size 1/0 AWG and larger, comprising each phase, polarity,(D) Engineering Supervision
neutral, or grounded circuit conductor, shall be permitted to
be connected in parallel (electrically joined at both ends).

310.1 Scope
This article covers general requirements for conductors and For the 2005 Code, one change to 310.4 is the addition
their type designations, insulations, markings, mechanical of the word polarity throughout the section, specifically
strengths, ampacity ratings, and uses. These requirements allowing the inclusion of dc circuits. Conductors connected
do not apply to conductors that form an integral part of in parallel, in accordance with 310.4, are considered a single
equipment, such as motors, motor controllers, and similar conductor with a total cross-sectional area of all conductors
equipment, or to conductors specifically provided for else- in parallel. Therefore, if individual conductors are tapped
where in this Code.
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310.4Article 310 — Conductors for General Wiring

the third, ninth, and fifteenth, since these are additive cur-from conductors in parallel, the tap connection must include
all the conductors in parallel for that particular phase. Tap- rents in the neutral conductor and do not cancel. See Chapter

27 of NFPA 70B, Recommended Practice for Electricalping into only one of the parallel conductors results in unbal-
anced distribution of tap load current between parallel Equipment Maintenance, for additional information on

power quality and harmonics.conductors. This unbalance results in one of the conductors
carrying more than its share of the load, which can cause
overheating and conductor insulation failure. For example,

The paralleled conductors in each phase, polarity, neu-if a 250-kcmil conductor is tapped from a set of two 500-
tral, or grounded circuit conductor shall comply with all ofkcmil conductors in parallel, the splicing device must include
the following:both 500-kcmil conductors and the single 250-kcmil tap

conductor. (1) Be the same length
(2) Have the same conductor material
(3) Be the same size in circular mil areaException No. 1: As permitted in 620.12(A)(1).
(4) Have the same insulation typeException No. 2: Conductors in sizes smaller than 1/0 AWG
(5) Be terminated in the same mannershall be permitted to be run in parallel to supply control

power to indicating instruments, contactors, relays, sole-
Where run in separate raceways or cables, the racewaysnoids, and similar control devices, provided all of the follow-

or cables shall have the same physical characteristics. Whereing apply:
conductors are in separate raceways or cables, the same(a) They are contained within the same raceway or
number of conductors shall be used in each raceway or cable.cable.
Conductors of one phase, polarity, neutral, or grounded cir-(b) The ampacity of each individual conductor is suffi-
cuit conductor shall not be required to have the same physicalcient to carry the entire load current shared by the parallel
characteristics as those of another phase, polarity, neutral,conductors.
or grounded circuit conductor to achieve balance.

(c) The overcurrent protection is such that the ampacity
of each individual conductor will not be exceeded if one FPN: Differences in inductive reactance and unequal di-

vision of current can be minimized by choice of materials,or more of the parallel conductors become inadvertently
methods of construction, and orientation of conductors.disconnected.

Exception No. 3: Conductors in sizes smaller than 1/0 AWG
For example, the conductors in phases A and B may beshall be permitted to be run in parallel for frequencies of
copper, and those in phase C may be aluminum. However,360 Hz and higher where conditions (a), (b), and (c) of
all raceways or cables must be of the same size, material,Exception No. 2 are met.
and length. Cables, in this case, means wiring method type
cables such as Type MC. A new sentence was added to this

For example, in control wiring and circuits that operate at paragraph for the 2005 Code making it clear that all conduits
frequencies greater than 360 Hz, it may be necessary to or cables enclosing parallel conductors must contain the
reduce cable capacitance or voltage drop in long lengths of same number of conductors.
wire. A 14 AWG conductor might have more than sufficient
capacity to carry the load, but by installing two conductors
in parallel, the voltage drop can be reduced to acceptable Where equipment grounding conductors are used with
limits. This method is permissible, provided the safeguards conductors in parallel, they shall comply with the require-
listed in Exception No. 2 are followed. ments of this section except that they shall be sized in accor-

dance with 250.122.
Conductors installed in parallel shall comply with theException No. 4: Under engineering supervision, grounded

provisions of 310.15(B)(2)(a).neutral conductors in sizes 2 AWG and larger shall be per-
mitted to be run in parallel for existing installations.

Section 310.4 permits a practical means for installing large-FPN: Exception No. 4 can be used to alleviate overheat-
ing of neutral conductors in existing installations due to capacity conductors for feeders or services. The paralleling
high content of triplen harmonic currents. of two or more conductors in place of using one large conduc-

tor to ensure equal division of current depends on a number
of factors. Therefore, several conditions must be satisfiedThe word triplen refers to a third-order harmonic current,

such as the third, sixth, ninth, and so on. Our concern is so as not to overload any of the individual paralleled conduc-
tors. Other than as permitted in 250.122 and the exceptionslimited to odd-number triplen harmonic currents, such as
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310.5 Article 310 — Conductors for General Wiring

Table 310.5 Minimum Size of Conductorsto 310.4, there does not appear to be any practical need to
parallel conductors smaller than 1/0 AWG.

Minimum Conductor Size (AWG)ConductorTo avoid excessive voltage drop and also to ensure
Voltage Rating Aluminum or Copper-Cladequal division of current, it is essential that different phase

(Volts) Copper Aluminumconductors be located close together and that each phase
conductor, grounded conductor, and the grounding conductor 0–2000 14 12
(if used) be grouped together in each raceway or cable. 2001–8000 8 8
However, isolated phase installations are permitted under- 8001–15,000 2 2

15,001–28,000 1 1ground where the phase conductors are run in nonmetallic
28,001–35,000 1/0 1/0raceways that are in close proximity.

The impedance of a circuit in an aluminum raceway or
aluminum-sheathed cable will differ from the impedance of
the same circuit in a steel raceway or steel-sheathed cable;

permit different minimum conductor sizes than the sizestherefore, separate raceways and cables must have the same
stated in Table 310.5. Although this list may not be totallyphysical characteristics. Also, the same number of conduc-
inclusive, the 10 subjects and their applicable sections aretors must be used in each raceway or cable. See 300.20
as follows:regarding induced currents in metal enclosures or raceways.

Note that all conductors of the same phase or neutral 1. Flexible cords as permitted by 400.12
are required to be of the same conductor material. For exam- 2. Fixture wire as permitted by 402.6
ple, if 12 conductors are paralleled for a 3-phase, 4-wire, 3. Motors rated 1 hp or less as permitted by 430.22(F)
480Y/277-volt ac circuit, four conductors could be installed 4. Cranes and hoists as permitted by 610.14
in each of three raceways. The Code does not intend that 5. Elevator control and signaling circuits as permitted by
all 12 conductors be copper or aluminum but does intend 620.12
that the individual conductors in parallel for each phase, 6. Class 1, Class 2, and Class 3 circuits as permitted by
grounded conductor, and neutral be the same material, insu- 725.27(A) and 725.51, Exception
lation type, length, and so on. Also, it is intended that the 7. Fire alarm circuits as permitted by 760.27(A); 760.51,
three raceways have the same physical characteristics (e.g., Exception; and 760.82(B)
three rigid aluminum conduits, three steel IMC conduits, 8. Motor-control circuits as permitted by 430.72
three EMTs, or three nonmetallic conduits), not a mixture 9. Control and instrumentation circuits as permitted by
(e.g., two rigid aluminum conduits and one rigid steel con- 727.6
duit). 10. Electric signs and outline lighting as permitted in

It is neither economical nor practical to use conductors 600.31(B) and 600.32(B)
larger than 1000 kcmil in raceways unless the conductor
size is governed by voltage drop. The ampacity of larger
sizes would increase very little in proportion to the increase 310.6 Shielding
in the size of the conductor. Where the cross-sectional area

Solid dielectric insulated conductors operated above 2000
of a conductor increases 50 percent (e.g., from 1000 to 1500

volts in permanent installations shall have ozone-resistant
kcmil), a Type THW conductor ampacity increases only 80

insulation and shall be shielded. All metallic insulation
amperes (less than 15 percent). A 100 percent increase (from

shields shall be grounded through an effective grounding
1000 to 2000 kcmil) causes an increase of only 120 amperes

path meeting the requirements of 250.4(A)(5) or
(approximately 2 percent). Generally, where cost is a factor,

250.4(B)(4). Shielding shall be for the purpose of confining
installation of two (or more) paralleled conductors per phase

the voltage stresses to the insulation.
may be beneficial.

Exception: Nonshielded insulated conductors listed by a
qualified testing laboratory shall be permitted for use up to

310.5 Minimum Size of Conductors 2400 volts under the following conditions:
The minimum size of conductors shall be as shown in Table

(a) Conductors shall have insulation resistant to elec-310.5, except as permitted elsewhere in this Code.
tric discharge and surface tracking, or the insulated conduc-
tor(s) shall be covered with a material resistant to ozone,

For the 2005 Code, 10 exceptions were deleted from 310.5 electric discharge, and surface tracking.
and the phrase ‘‘except as permitted elsewhere in this Code’’

(b) Where used in wet locations, the insulated conduc-was added. As a reminder, the 10 exceptions from the 2002
tor(s) shall have an overall nonmetallic jacket or a continu-Code dealt with the following subjects. These subjects may
ous metallic sheath.
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310.7Article 310 — Conductors for General Wiring

(c) Insulation and jacket thicknesses shall be in accor-
dance with Table 310.63.

Solid dielectric insulated conductors that are permanently
installed and that operate at greater than 2000 volts must
have ozone-resistant insulation and must be shielded with
a grounded metallic shield (note exception). Shielding is
accomplished by applying a metal tape or nonmetallic semi-
conducting tape around the conductor surface, to prevent
corona from forming and to reduce high-voltage stresses.

Corona is a faint glow adjacent to the surface of the
electrical conductor at high voltage. If high-voltage stresses
and a charging current are flowing between the conductor
and ground (usually due to moisture), the surrounding atmo-
sphere is ionized, and ozone—generated by an electric dis-
charge in ordinary oxygen or air—is formed, which will
attack the conductor jacket and insulation and may eventu-
ally break them down. The shield is at ground potential;
therefore, no voltage above ground is present on the jacket
outside the shield, thus preventing a discharge from the
jacket and the subsequent formation of ozone.

Exhibit 310.2 A one-piece, premolded stress-relief cone for in-For the 2005 Code, a significant change occurred to the
door cable terminations of up to 35 kV phase-to-phase.exception of 310.6. No longer does the exception permit

unshielded insulated conductors up to an 8 kV level under
certain conditions. The revised exception limits the omission
of shielding up to the 2.4 kV level only.

Specialized training and close adherence to manufactur-
ers’ instructions are absolutely essential for high-voltage
cable installations.

Exhibits 310.1, 310.2, and 310.3 show some examples
of shielded cable installations: a three-conductor cable of
the shielded type, a stress-relief cone for an indoor cable
terminator, and a stress cone on a single-conductor shielded
cable terminating inside a pothead. In Exhibit 310.3, a clamp-
ing ring provides a grounding connection between the copper
shielding tape and the shield to the metallic base of the
pothead.

Exhibit 310.3 A stress cone on a single-conductor shielded
cable terminating inside a pothead.

310.7 Direct Burial Conductors
Conductors used for direct burial applications shall be of a
type identified for such use.Exhibit 310.1 A three-conductor cable of the shielded type.

Cables rated above 2000 volts shall be shielded.
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310.8 Article 310 — Conductors for General Wiring

310.10 Temperature Limitation of ConductorsException: Nonshielded multiconductor cables rated
2001–5000 volts shall be permitted if the cable has an overall No conductor shall be used in such a manner that its op-
metallic sheath or armor. erating temperature exceeds that designated for the type of

insulated conductor involved. In no case shall conductors
The metallic shield, sheath, or armor shall be grounded be associated together in such a way, with respect to type

through an effective grounding path meeting the require- of circuit, the wiring method employed, or the number of
ments of 250.4(A)(5) or (B)(4). conductors, that the limiting temperature of any conductor

is exceeded.FPN No. 1: See 300.5 for installation requirements for
conductors rated 600 volts or less.
FPN No. 2: See 300.50 for installation requirements for Most terminations are normally designed for 60�C or 75�C
conductors rated over 600 volts. maximum temperatures, although some are now being de-

signed for 90�C. Therefore, the higher-rated ampacities for
310.8 Locations conductors of 90�C, 110�C, and so on, cannot be used unless

the terminals at which the conductors terminate have compa-(A) Dry Locations Insulated conductors and cables used
rable ratings.in dry locations shall be any of the types identified in this

Table 310.16 through Table 310.20 have ampacity cor-Code.
rection factors for ambient temperatures greater or less than

(B) Dry and Damp Locations Insulated conductors and the ambient temperature identified in the table heading. To
cables used in dry and damp locations shall be Types FEP, assign the proper ampacity to a conductor in an ambient
FEPB, MTW, PFA, RHH, RHW, RHW-2, SA, THHN, THW, above 30�C (86�F), the appropriate temperature correction
THW-2, THHW, THHW-2, THWN, THWN-2, TW, XHH, factor must be used. This correction factor is applied in
XHHW, XHHW-2, Z, or ZW. addition to any adjustment factor, such as in 310.15(B)(2)(a).

(C) Wet Locations Insulated conductors and cables used Example
in wet locations shall be Determine the adequacy of 2 AWG THHN copper conduc-

tors to be installed in a raceway in an ambient temperature(1) Moisture-impervious metal-sheathed;
of 50�C (122�F).(2) Types MTW, RHW, RHW-2, TW, THW, THW-2,

THHW, THHW-2, THWN, THWN-2, XHHW, XHHW-
Solution

2, ZW; or
Table 310.16 shows that the allowable ampacity of the con-(3) Of a type listed for use in wet locations.
ductor at 30�C is 130 amperes, which is multiplied by 0.82

(D) Locations Exposed to Direct Sunlight Insulated con- (taken from the correction factors at the bottom of the table).
ductors or cables used where exposed to direct rays of the Thus, the allowable ampacity of the 2 AWG conductor at
sun shall comply with one of the following: 50�C is reduced to 106.6 amperes (130 amperes � 0.82 �

106.6 amperes).(1) Cables listed, or listed and marked, as being sunlight
If six of these conductors were run in a raceway,resistant

310.15(B)(2)(a) would require the allowable ampacity to be(2) Conductors listed, or listed and marked, as being sun-
further reduced to 80 percent, which, in this case, wouldlight resistant
be 106.6 amperes � 0.8 � 85.28 amperes. Under these(3) Covered with insulating material, such as tape or sleev-
conditions, the 2 AWG conductors would be suitable for aning, that is listed, or listed and marked, as being sunlight
80-ampere circuit.resistant

The basis for determining the ampacities of conductors
for Table 310.16 and Table 310.17 was the NEMA ‘‘Report310.9 Corrosive Conditions
of Determination of Maximum Permissible Current-Car-

Conductors exposed to oils, greases, vapors, gases, fumes, rying Capacity of Code Insulated Wires and Cables for
liquids, or other substances having a deleterious effect on Building Purposes,’’ dated June 27, 1938. The basis for
the conductor or insulation shall be of a type suitable for determining the ampacities of conductors for Table 310.18
the application. and Table 310.19 and the ampacity tables in Annex B was

the Neher-McGrath method. See the commentary following
310.15(C) for further explanation.See the commentary following 501.20 regarding gasoline-

resistant conductors. Before being used, wire pulling com- Conductors should be chosen that have a rating above
the anticipated maximum ambient temperature. The op-pounds should first be investigated to determine compliance

with 310.9. erating temperature of conductors should be controlled at

2005 National Electrical Code Handbook282

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

--```,,``,`,,,`,`,`,`,,,,,,`,,,-`-`,,`,,`,`,,`---



310.11Article 310 — Conductors for General Wiring

subject and prudently decided to add this material not as aor below the conductor rating by coordinating conductor
size, number of associated conductors, and ampacity for the requirement to derate the conductors but as a fine print note.

As described in 90.5(C), fine print notes are not mandatoryparticular conductor rating and ambient temperature. All
tabulations should be corrected for the anticipated ambient requirements in the NEC but rather explanatory information

to assist the Code user.temperature, using the correction factors at the bottom of the
ampacity tables. If more than three conductors are associated
together, the additional adjustment shown in 310.15(B)(2)(a)

310.11 Markingmust be applied.
(A) Required Information All conductors and cables shall
be marked to indicate the following information, using theFPN No. 1: The temperature rating of a conductor (see

Tables 310.13 and 310.61) is the maximum temperature, applicable method described in 310.11(B):
at any location along its length, that the conductor can

(1) The maximum rated voltagewithstand over a prolonged time period without serious
degradation. The allowable ampacity tables, the ampacity (2) The proper type letter or letters for the type of wire or
tables of Article 310 and the ampacity tables of Annex cable as specified elsewhere in this Code
B, the correction factors at the bottom of these tables, and (3) The manufacturer’s name, trademark, or other distinc-the notes to the tables provide guidance for coordinating

tive marking by which the organization responsible forconductor sizes, types, allowable ampacities, ampacities,
the product can be readily identifiedambient temperatures, and number of associated conduc-

tors. (4) The AWG size or circular mil area
The principal determinants of operating temperature

FPN: See Conductor Properties, Table 8 of Chapter 9,are as follows:
for conductor area expressed in SI units for conductor(1) Ambient temperature — ambient temperature may
sizes specified in AWG or circular mil area.vary along the conductor length as well as from time

to time. (5) Cable assemblies where the neutral conductor is smaller
(2) Heat generated internally in the conductor as the

than the ungrounded conductors shall be so markedresult of load current flow, including fundamental
and harmonic currents.

(B) Method of Marking(3) The rate at which generated heat dissipates into the
ambient medium. Thermal insulation that covers or (1) Surface Marking The following conductors and cables
surrounds conductors affects the rate of heat dissipa- shall be durably marked on the surface. The AWG size ortion.

circular mil area shall be repeated at intervals not exceeding(4) Adjacent load-carrying conductors — adjacent con-
610 mm (24 in.). All other markings shall be repeated atductors have the dual effect of raising the ambient

temperature and impeding heat dissipation. intervals not exceeding 1.0 m (40 in.).

(1) Single-conductor and multiconductor rubber- and
FPN No. 1 focuses attention on the necessity for derating thermoplastic-insulated wire and cable
conductors where high ambient temperatures are encoun- (2) Nonmetallic-sheathed cable
tered and provides users with helpful information in coordi- (3) Service-entrance cable
nating ampacities, ambient temperatures, conductor size and (4) Underground feeder and branch-circuit cable
number, and so on, to ensure operation at or below rating. (5) Tray cable

The second principal determinant of FPN No. 1 explains (6) Irrigation cable
that heating due to harmonic current should also be consid- (7) Power-limited tray cable
ered. In certain cases, this may require using larger-sized (8) Instrumentation tray cable
conductors. For existing installations, see 310.4, Exception
No. 4, as well as the commentary associated with 310.4. (2) Marker Tape Metal-covered multiconductor cables

shall employ a marker tape located within the cable and
running for its complete length.FPN No. 2: Conductors installed in conduit exposed to

direct sunlight in close proximity to rooftops have been
Exception No. 1: Mineral-insulated, metal-sheathed cable.shown, under certain conditions, to experience a tempera-

ture rise of 17�C (30�F) above ambient temperature on Exception No. 2: Type AC cable.
which the ampacity is based.

Exception No. 3: The information required in 310.11(A)
shall be permitted to be durably marked on the outer nonme-

FPN No. 2, new for the 2005 Code, points out the possibility
tallic covering of Type MC, Type ITC, or Type PLTC cables

of additional heat rise for some roof top conductors in con-
at intervals not exceeding 1.0 m (40 in.).

duit placed near the roof in direct sunlight. During the 2005
Exception No. 4: The information required in 310.11(A)Code cycle, the panel received information related to this
shall be permitted to be durably marked on a nonmetallic
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310.12 Article 310 — Conductors for General Wiring

310.12 Conductor Identificationcovering under the metallic sheath of Type ITC or Type
PLTC cable at intervals not exceeding 1.0 m (40 in.). (A) Grounded Conductors Insulated or covered grounded

conductors shall be identified in accordance with 200.6.
Type PLTC cable is permitted to have a metallic sheath or
armor over a nonmetallic jacketed cable. A second nonmetal- Section 200.6 permits a recently developed method of identi-
lic jacket covering the metallic sheath is optional. Exception fication described as ‘‘three continuous white stripes on other
No. 3 and Exception No. 4 define the marking requirements than green insulation along the conductor’s entire length.’’
for either case.

(B) Equipment Grounding Conductors Equipment
FPN: Included in the group of metal-covered cables are

grounding conductors shall be in accordance with 250.119.Type AC cable (Article 320), Type MC cable (Article
330), and lead-sheathed cable.

(C) Ungrounded Conductors Conductors that are in-
(3) Tag Marking The following conductors and cables tended for use as ungrounded conductors, whether used as
shall be marked by means of a printed tag attached to the a single conductor or in multiconductor cables, shall be
coil, reel, or carton: finished to be clearly distinguishable from grounded and

grounding conductors. Distinguishing markings shall not(1) Mineral-insulated, metal-sheathed cable
conflict in any manner with the surface markings required(2) Switchboard wires
by 310.11(B)(1). Branch-circuit ungrounded conductors(3) Metal-covered, single-conductor cables
shall be identified in accordance with 210.5(C). Feeders(4) Type AC cable
shall be identified in accordance with 215.12.

(4) Optional Marking of Wire Size The information re-
quired in 310.11(A)(4) shall be permitted to be marked on Two new sentences were added to 310.12(C) for the 2005
the surface of the individual insulated conductors for the Code that point to revised identification requirements for
following multiconductor cables: ungrounded conductors of branch circuits and feeders. The

revised identification requirements apply only where a prem-(1) Type MC cable
ises wiring system has circuits from more than one nominal(2) Tray cable
voltage system. See the commentary following 210.5(C)(3) Irrigation cable
and 215.12 for additional information on these 2005 Code(4) Power-limited tray cable
changes.(5) Power-limited fire alarm cable

(6) Instrumentation tray cable

(C) Suffixes to Designate Number of Conductors A type
Exception: Conductor identification shall be permitted in

letter or letters used alone shall indicate a single insulated
accordance with 200.7.

conductor. The letter suffixes shall be indicated as follows:

(1) D — For two insulated conductors laid parallel within Ungrounded conductors with white or gray insulation are
an outer nonmetallic covering permitted if the conductors are permanently reidentified at

(2) M — For an assembly of two or more insulated conduc- termination points and if the conductor is visible and accessi-
tors twisted spirally within an outer nonmetallic covering ble. The normal methods of reidentification include colored

tape, tagging, or paint. Other applications where white con-(D) Optional Markings All conductors and cables con-
ductors are permitted include flexible cords and circuits lesstained in Chapter 3 shall be permitted to be surface marked
than 50 volts. A white conductor used in single-pole, 3-wayto indicate special characteristics of the cable materials.
and 4-way switch loops also requires reidentification (a colorThese markings include, but are not limited to, markings
other than white, gray, or green) if it is used as an ungroundedfor limited smoke, sunlight resistant, and so forth.
conductor. See 200.7(C)(2) for exact details about this re-
quired reidentification.

New cable insulations that have special characteristics are
frequently developed. An example is the family of limited-
smoke cables, which are permitted to be marked ‘‘LS.’’ Other 310.13 Conductor Constructions
materials that have other characteristics such as sunlight and Applications
resistance and low corrosivity have been developed or are in

Insulated conductors shall comply with the applicable pro-development. Section 310.11(D) allows these developments
visions of one or more of the following: Tables 310.13,without each characteristic being identified in the Code.
310.61, 310.62, 310.63, and 310.64.
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310.13Article 310 — Conductors for General Wiring

Table 310.13 Conductor Application and Insulations

Thickness of Insulation
Maximum

Type Operating Outer
Trade Name Letter Temperature Application Provisions Insulation AWG or kcmil mm mils Covering1

Fluorinated ethylene FEP or 90�C Dry and damp locations Fluorinated ethylene 14–10 0.51 20 None
propylene FEPB 194�F propylene 8–2 0.76 30

200�C Dry locations — special Fluorinated ethylene 14–8 0.36 14 Glass braid
392�F applications2 propylene

6–2 0.36 14 Glass or other
suitable
braid
material

Mineral insulation MI 90�C Dry and wet locations Magnesium oxide 18–163 0.58 23 Copper or alloy
(metal sheathed) 194�F 16–10 0.91 36 steel

250�C For special applications2 9–4 1.27 50
482�F 3–500 1.40 55

Moisture-, heat-, and MTW 60�C Machine tool wiring in Flame-retardant (A) (B) (A) (B) (A) None
oil-resistant 140�F wet locations moisture-, heat-, and (B) Nylon

22–12 0.76 0.38 30 15thermoplastic oil-resistant jacket or
90�C Machine tool wiring in dry 10 0.76 0.51 30 20thermoplastic equivalent

194�F locations. 8 1.14 0.76 45 30
FPN: See NFPA 79. 6 1.52 0.76 60 30

4–2 1.52 1.02 60 40
1–4/0 2.03 1.27 80 50

213–500 2.41 1.52 95 60
501–1000 2.79 1.78 110 70

Paper 85�C For underground service Paper Lead sheath
185�F conductors, or by

special permission

Perfluoro-alkoxy PFA 90�C Dry and damp locations Perfluoro-alkoxy 14–10 0.51 20 None
194�F 8–2 0.76 30

1–4/0 1.14 45
200�C Dry locations — special
392�F applications2

Perfluoro-alkoxy PFAH 250�C Dry locations only. Only Perfluoro-alkoxy 14–10 0.51 20 None
482�F for leads within 8–2 0.76 30

apparatus or within 1–4/0 1.14 45
raceways connected to
apparatus (nickel or
nickel-coated copper
only)

Thermoset RHH 90�C Dry and damp locations 14-10 1.14 45 Moisture-
194�F 8–2 1.52 60 resistant,

1–4/0 2.03 80 flame-
213–500 2.41 95 retardant,

501–1000 2.79 110 nonmetallic
1001–2000 3.18 125 covering1

For 601–2000
see Table 310.62.

(continues)
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310.13 Article 310 — Conductors for General Wiring

Table 310.13 Continued

Thickness of Insulation
Maximum

Type Operating Outer
Trade Name Letter Temperature Application Provisions Insulation AWG or kcmil mm mils Covering1

Moisture-resistant RHW4 75�C Dry and wet locations Flame-retardant, 14–10 1.14 45 Moisture-
thermoset 167�F moisture-resistant 8–2 1.52 60 resistant,

thermoset 1–4/0 2.03 80 flame-
213–500 2.41 95 retardant,

501–1000 2.79 110 nonmetallic
1001–2000 3.18 125 covering5

For 601–2000,
see Table 310.62.

Moisture-resistant RHW-2 90�C Dry and wet locations Flame-retardant 14–10 1.14 45 Moisture-
thermoset 194�F moisture-resistant 8–2 1.52 60 resistant,

thermoset 1-4/0 2.03 80 flame-
213–500 2.41 95 retardant,

501–1000 2.79 110 nonmetallic
1001–2000 3.18 125 covering5

For 601–2000, see
Table 310.62.

Silicone SA 90�C Dry and damp locations Silicone rubber 14–10 1.14 45 Glass or other
194�F 8–2 1.52 60 suitable
200�C For special application2 1–4/0 2.03 80 braid
392�F 213–500 2.41 95 material

501–1000 2.79 110
1001–2000 3.18 125

Thermoset SIS 90�C Switchboard wiring only Flame-retardant 14–10 0.76 30 None
194�F thermoset 8–2 1.14 45

1–4/0 2.41 95

Thermoplastic and TBS 90�C Switchboard wiring only Thermoplastic 14–10 0.76 30 Flame-
fibrous outer braid 194�F 8 1.14 45 retardant,

6–2 1.52 60 nonmetallic
1–4/0 2.03 80 covering

Extended polytetra- TFE 250�C Dry locations only. Only Extruded polytetra- 14–10 0.51 20 None
fluoro-ethylene 482�F for leads within fluoro-ethylene 8–2 0.76 30

apparatus or within 1–4/0 1.14 45
raceways connected to
apparatus, or as open
wiring (nickel or nickel-
coated copper only)

Heat-resistant THHN 90�C Dry and damp locations Flame-retardant, heat- 14–12 0.38 15 Nylon jacket or
thermoplastic 194�F resistant 10 0.51 20 equivalent

thermoplastic 8–6 0.76 30
4–2 1.02 40

1–4/0 1.27 50
250–500 1.52 60

501–1000 1.78 70

Moisture- and THHW 75�C Wet location Flame-retardant, 14–10 0.76 30 None
heat-resistant 167�F moisture- and heat- 8 1.14 45
thermoplastic resistant 6–2 1.52 60

90�C Dry location thermoplastic 1–4/0 2.03 80
194�F 213–500 2.41 95

501–1000 2.79 110
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310.13Article 310 — Conductors for General Wiring

Table 310.13 Continued

Thickness of Insulation
Maximum

Type Operating Outer
Trade Name Letter Temperature Application Provisions Insulation AWG or kcmil mm mils Covering1

Moisture- and THW4 75�C Dry and wet locations Flame-retardant, 14–10 0.76 30 None
heat-resistant 167�F moisture- and 8 1.14 45
thermoplastic 90�C Special applications heat-resistant 6–2 1.52 60

194�F within electric thermoplastic 1–4/0 2.03 80
discharge lighting 213–500 2.41 95
equipment. Limited to 501–1000 2.79 110
1000 open-circuit volts 1001–2000 3.18 125
or less. (size 14-8 only
as permitted in 410.33)

Moisture- and THWN4 75�C Dry and wet locations Flame-retardant, 14–12 0.38 15 Nylon jacket or
heat-resistant 167�F moisture- and 10 0.51 20 equivalent
thermoplastic heat-resistant 8–6 0.76 30

thermoplastic 4–2 1.02 40
1–4/0 1.27 50

250–500 1.52 60
501–1000 1.78 70

Moisture-resistant TW 60�C Dry and wet locations Flame-retardant, 14–10 0.76 30 None
thermoplastic 140�F moisture-resistant 8 1.14 45

thermoplastic 6–2 1.52 60
1–4/0 2.03 80

213–500 2.41 95
501–1000 2.79 110

1001–2000 3.18 125

Underground feeder UF 60�C See Article 340. Moisture-resistant 14–10 1.52 606 Integral with
and branch-circuit 140�F 8–2 2.03 806 insulation
cable — single 75�C Moisture- and heat- 1–4/0 2.41 956

conductor (for 167�F7 resistant
Type UF cable
employing more
than one conductor,
see Article 340.)

Underground service- USE4 75�C See Article 338. Heat- and moisture- 14–10 1.14 45 Moisture-
entrance cable — 167�F resistant 8–2 1.52 60 resistant
single conductor 1–4/0 2.03 80 nonmetallic
(for Type USE 213–500 2.41 958 covering
cable employing 501–1000 2.79 110 (See 338.2.)
more than one 1001–2000 3.18 125
conductor, see
Article 338.)

Thermoset XHH 90�C Dry and damp locations Flame-retardant 14–10 0.76 30 None
194�F thermoset 8–2 1.14 45

1–4/0 1.40 55
213–500 1.65 65

501–1000 2.03 80
1001–2000 2.41 95

Moisture-resistant XHHW4 90�C Dry and damp locations Flame-retardant, 14–10 0.76 30 None
thermoset 194�F moisture-resistant 8–2 1.14 45

75�C Wet locations thermoset 1–4/0 1.40 55
167�F 213–500 1.65 65

501–1000 2.03 80
1001–2000 2.41 95

(continues)
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310.13 Article 310 — Conductors for General Wiring

Table 310.13 Continued

Thickness of Insulation
Maximum

Type Operating Outer
Trade Name Letter Temperature Application Provisions Insulation AWG or kcmil mm mils Covering1

Moisture-resistant XHHW- 90�C Dry and wet locations Flame-retardant, 14–10 0.76 30 None
thermoset 2 194�F moisture-resistant 8–2 1.14 45

thermoset 1–4/0 1.40 55
213–500 1.65 65

501–1000 2.03 80
1001–2000 2.41 95

Modified ethylene Z 90�C Dry and damp locations Modified ethylene 14–12 0.38 15 None
tetrafluoro- 194�F tetrafluoro-ethylene 10 0.51 20
ethylene 150�C Dry locations — special 8–4 0.64 25

302�F applications2 3–1 0.89 35
1/0–4/0 1.14 45

Modified ethylene ZW4 75�C Wet locations Modified ethylene 14–10 0.76 30 None
tetrafluoro- 167�F tetrafluoro-ethylene 8–2 1.14 45
ethylene 90�C Dry and damp locations

194�F
150�C Dry locations — special
302�F applications2

1 Some insulations do not require an outer covering.
2 Where design conditions require maximum conductor operating temperatures above 90�C (194�F).
3 For signaling circuits permitting 300-volt insulation.
4 Listed wire types designated with the suffix ‘‘2,’’ such as RHW-2, shall be permitted to be used at a continuous
90�C (194�F) operating temperature, wet or dry.
5 Some rubber insulations do not require an outer covering.
6 Includes integral jacket.
7 For ampacity limitation, see 340.80.
8 Insulation thickness shall be permitted to be 2.03 mm (80 mils) for listed Type USE conductors that have
been subjected to special investigations. The nonmetallic covering over individual rubber-covered conductors
of aluminum-sheathed cable and of lead-sheathed or multiconductor cable shall not be required to be flame
retardant. For Type MC cable, see 330.104. For nonmetallic-sheathed cable, see Article 334, Part III. For Type
UF cable, see Article 340, Part III.

THW is rated 75�C for dry and wet locations and 90�CThese conductors shall be permitted for use in any of
the wiring methods recognized in Chapter 3 and as specified for special applications within electric-discharge lighting

equipment.in their respective tables or as permitted elsewhere in this
Code. Types RHW-2, XHHW-2, and other types identified by

the suffix ‘‘2’’ are rated 90�C for wet locations as well as dry
FPN: Thermoplastic insulation may stiffen at tempera- and damp locations. Conductors permitted to be identified by
tures lower than �10�C (�14�F). Thermoplastic insula- the suffix ‘‘2,’’ other than Types RHW-2 and XHHW-2, aretion may also be deformed at normal temperatures where

identified in the table by footnote 4.subjected to pressure, such as at points of support. Ther-
The maximum continuous ampacities for copper,moplastic insulation, where used on dc circuits in wet

locations, may result in electroendosmosis between con- copper-clad aluminum, and aluminum conductors, rated 0
ductor and insulation. through 2000 volts, are listed in Table 310.16 through Table

310.20 and accompanying adjustment factors of
310.15(B)(1) through 310.15(B)(6), or they can be calculatedTable 310.13 lists the various types of insulated conductors

covered by the requirements of this Code. More detailed in accordance with 310.15(C).
Copper-clad aluminum conductors are drawn from awire classification information from sizes 14 AWG through

2000 kcmil are available in standards and directories such copper-clad aluminum rod with the copper metallurgically
bonded to an aluminum core. The copper forms a minimumas those published by Underwriters Laboratories Inc.

Table 310.13 also includes conductor applications and of 10 percent of the cross-sectional area of a solid conductor
or of each strand of a stranded conductor. See the commen-maximum operating temperatures. Some conductors have

dual ratings. For example, Type XHHW is rated 90�C for tary following 110.14 for making electrical connections with
different types of conductor material. A comparison of thedry and damp locations and 75�C for wet locations; Type
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310.15Article 310 — Conductors for General Wiring

FPN No. 1: Ampacities provided by this section do notcharacteristics of copper, copper-clad aluminum, and alumi-
take voltage drop into consideration. See 210.19(A), FPNnum conductors can be made from Commentary Table 3.1.
No. 4, for branch circuits and 215.2(A), FPN No. 2, for
feeders.

Commentary Table 3.1 Conductor Characteristics FPN No. 2: For the allowable ampacities of Type MTW
wire, see Table 13.5.1 in NFPA 79-2002, Electrical Stan-
dard for Industrial Machinery.Copper-

Clad
Characteristic Copper Aluminum Aluminum Editorially revised for the 2005 Code, 310.15(A)(1) permits

two methods of determining conductor ampacity for conduc-Density (lb/in.3) 0.323 0.121 0.098
tors rated 0 through 2000 volts: selecting the ampacity fromDensity (g/cm3) 8.91 3.34 2.71
a table, using correction factors in the table or notes whereResistivity (ohms/CMF) 10.37 16.08 16.78

Resistivity microhm — CM 1.724 2.673 2.790 necessary, or calculating the ampacity. The latter method can
Conductivity (IACS %) 100 61–63 61.0 be complex and time consuming and requires engineering
Weight % copper 100 26.8 — supervision. It can, however, result in lower installation
Tensile K psi — hard 65.0 30.0 27.0 costs, in some cases, and if calculated properly, it provides
Tensile kg/mm2 — hard 45.7 21.1 19.0

a mathematically exact ampacity. See the commentary fol-Tensile K psi — annealed 35.0 17.0 17.0*
lowing 310.15(C) and Annex B for further explanation.Tensile kg/mm2 — annealed 24.6 12.0 12.0

Specific gravity 8.91 3.34 2.71

*Semiannealed (2) Selection of Ampacity Where more than one calculated
or tabulated ampacity could apply for a given circuit length,
the lowest value shall be used.310.14 Aluminum Conductor Material

Solid aluminum conductors 8, 10, and 12 AWG shall be Exception: Where two different ampacities apply to adjacent
made of an AA-8000 series electrical grade aluminum alloy portions of a circuit, the higher ampacity shall be permitted
conductor material. Stranded aluminum conductors 8 AWG to be used beyond the point of transition, a distance equal
through 1000 kcmil marked as Type RHH, RHW, XHHW, to 3.0 m (10 ft) or 10 percent of the circuit length figured
THW, THHW, THWN, THHN, service-entrance Type SE at the higher ampacity, whichever is less.
Style U and SE Style R shall be made of an AA-8000 series
electrical grade aluminum alloy conductor material. Example

Three 500-kcmil THW conductors in a rigid conduit are run
Section 310.14 provides proper recognition of approved AA- from a motor control center for 12 ft past a heat-treating
8000 series electrical-grade aluminum alloy conductor mate- furnace to a pump motor located 150 ft from the motor
rials for wire and cable products. It also provides coordina- control center. Where run in a 78�F to 86�F ambient tempera-
tion with the UL listing requirements for testing ture, the conductors have an ampacity of 380 amperes, per
terminations, such as CO/ALR devices and other connectors, Table 310.16. The ambient temperature near the furnace,
suitable for use with aluminum conductors. The electrical where the conduit is run, is found to be 113�F, and the length
industry has developed AA-8000 series aluminum alloy ma- of this particular part of the run is greater than 10 ft and
terials and the connectors suitable for use with aluminum more than 10 percent of the total length of the run at the
conductors to provide for safe and stable connections. Con- 78�F to 86�F ambient. Determine the ampacity of total run
nections suitable for use with aluminum conductors are also in accordance with 310.15(A)(2).
generally listed as suitable for use with copper conductors
and are marked accordingly, such as AL7CU or AL9CU. Solution
Numbers 7 and 9 identify the temperature ratings of 75�C In accordance with the correction factors for temperature at
and 90�C, respectively, for these connectors. the bottom of Table 310.16, the ampacity is 0.82 � 380

amperes, or 311.6 amperes. This, therefore, is the ampacity
of the total run, in accordance with 310.15(A)(2).310.15 Ampacities for Conductors Rated

Had the run near the furnace at the 113�F ambient been0–2000 Volts
10 ft or less in length, the ampacity of the entire run would(A) General
have been 380 amperes, in accordance with the exception

(1) Tables or Engineering Supervision Ampacities for to 310.15(A)(2). The heat-sinking effect of the run at the
conductors shall be permitted to be determined by tables as lower ambient temperature would have been sufficient to
provided in 310.15(B) or under engineering supervision, as reduce the temperature of the conductor near the furnace.
provided in 310.15(C).
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310.15 Article 310 — Conductors for General Wiring

FPN: See 110.14(C) for conductor temperature limita- a paralleled set of conductors shall be counted as a current-
tions due to termination provisions. carrying conductor.

(B) Tables Ampacities for conductors rated 0 to 2000 volts
Table 310.15(B)(2)(a) Adjustment Factors for More Thanshall be as specified in the Allowable Ampacity Table 310.16
Three Current-Carrying Conductors in a Raceway or Cable

through Table 310.19, and Ampacity Table 310.20 and Table
310.21 as modified by (B)(1) through (B)(6). Percent of Values in Tables

310.16 through 310.19 as
FPN: Table 310.16 through Table 310.19 are application Number of Current-Carrying Adjusted for Ambient
tables for use in determining conductor sizes on loads Conductors Temperature if Necessary
calculated in accordance with Article 220. Allowable
ampacities result from consideration of one or more of

4–6 80the following:
7–9 70

10–20 50(1) Temperature compatibility with connected equip-
21–30 45ment, especially the connection points.
31–40 40(2) Coordination with circuit and system overcurrent

41 and above 35protection.
(3) Compliance with the requirements of product listings

or certifications. See 110.3(B).
(4) Preservation of the safety benefits of established in-

dustry practices and standardized procedures.
FPN No. 1: See Annex B, Table B.310.11, for adjustment
factors for more than three current-carrying conductors
in a raceway or cable with load diversity.Ampacity tables, particularly Table 310.16, do not take into
FPN No. 2: See 366.23(A) for correction factors foraccount all the many factors affecting ampacity. See the
conductors in sheet metal auxiliary gutters and 376.22commentary following 310.15(C) and Annex B for further
for correction factors for conductors in metal wireways.explanation. However, experience over many years has

proved the table values to be adequate for loads calculated
The factors in the second column of Table 310.15(B)(2)(a)in accordance with Article 220, because not all diversity
are based on no diversity, meaning that all conductors infactors and load factors found in most actual installations
the raceway or cable are loaded to their maximum ratedare specifically provided for in Article 220. If loads are not
load. For load diversity, the user is directed to Annex B.calculated in accordance with the requirements of Article

Specific cross references for raceway fill and adjustment220, the table ampacities, even when corrected in accordance
factors of 310.15(B)(2) can be found in the fine print notewith ambient correction factors and the notes to the tables,
following 300.17. For Class 1 conductors, see 725.28(A);might be too high. This result can be particularly true where
for fire alarm systems, 760.28 and 760.52; for optical fibermany cables or raceways are routed close to one another
cables and raceways, 770.12; and for communications wiresunderground. However, load diversity and thermal conduc-
and cables within buildings, 800.110.tance fill around buried cable could result in increased am-

The last sentence was added for the 2005 Code, topacity. See Annex B for further information.
clarify that for parallel conductors, each separate conductor
that is considered a current-carrying conductor must be
counted when applying the adjustment factors of Table(1) General For explanation of type letters used in tables
310.15(B)(2)(a). FPN No. 2, new for the 2005 Code, pointsand for recognized sizes of conductors for the various con-
to different adjustment factors for the number of conductorsductor insulations, see 310.13. For installation requirements,
contained in metal auxiliary gutters and metal wireways.see 310.1 through 310.10 and the various articles of this

Code. For flexible cords, see Tables 400.4, 400.5(A), and
400.5(B).

Exception No. 1: Where conductors of different systems, as(2) Adjustment Factors
provided in 300.3, are installed in a common raceway or
cable, the derating factors shown in Table 310.15(B)(2)(a)(a) More Than Three Current-Carrying Conductors in

a Raceway or Cable. Where the number of current-carrying shall apply only to the number of power and lighting conduc-
tors (Articles 210, 215, 220, and 230).conductors in a raceway or cable exceeds three, or where

single conductors or multiconductor cables are stacked or
bundled longer than 600 mm (24 in.) without maintaining Exception No. 1 to 310.15(B)(2)(a) assumes that the watt
spacing and are not installed in raceways, the allowable loss (heating) from any control and signal conductors in the
ampacity of each conductor shall be reduced as shown in same raceway or cable will not be enough to significantly
Table 310.15(B)(2)(a). Each current-carrying conductor of
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310.15Article 310 — Conductors for General Wiring

increase the temperature of the power and lighting conduc- Exception No. 5: Adjustment factors shall not apply to Type
tors. See 725.26 and 725.54 for limitations on the installation AC cable or to Type MC cable without an overall outer
of control and signal conductors in the same raceway or jacket under the following conditions:
cable as power and lighting conductors.

(1) Each cable has not more than three current-carrying
conductors.

(2) The conductors are 12 AWG copper.
Exception No. 2: For conductors installed in cable trays, (3) Not more than 20 current-carrying conductors are bun-
the provisions of 392.11 shall apply. dled, stacked, or supported on ‘‘bridle rings.’’

Exception No. 3: Derating factors shall not apply to con-
A 60 percent adjustment factor shall be applied whereductors in nipples having a length not exceeding 600 mm

the current-carrying conductors in these cables that are(24 in.).
stacked or bundled longer than 600 mm (24 in.) without

Exception No. 4: Derating factors shall not apply to under-
maintaining spacing exceeds 20.

ground conductors entering or leaving an outdoor trench if
those conductors have physical protection in the form of

Examplerigid metal conduit, intermediate metal conduit, or rigid
A commercial office space requires fourteen 277-volt fluo-nonmetallic conduit having a length not exceeding 3.05 m
rescent lighting circuits to serve a single open office area.(10 ft) and if the number of conductors does not exceed four.
The office area lighting is assumed to be a continuous load,
and the office ambient temperature will not exceed 30�CExhibit 310.4 illustrates Exception No. 4 to 310.15(B)(2)(a),
(86�F). Each circuit will be arranged so that it has a calculatedin that derating factors do not apply to the conductors be-
load not exceeding 16 amperes. The selected wiring methodcause they have physical protection (conduit) that does not
is Type MC cable, 3-conductor (with an additional equip-exceed 10 ft in length and the number of conductors does
ment grounding conductor), 12 AWG THHN copper. Eachnot exceed four.
individual MC cable will contain a 3-wire multiwire branch
circuit. To serve the entire area, this arrangement requires
a total of seven Type MC cables bundled for a distance of
about 25 ft, without maintaining spacing between them
where they leave the electrical room and enter the office
area.

Determine the ampacity of each circuit conductor in
accordance with 310.15, applying Exception No. 5 to
310.15(B)(2)(a) to account for the bundled cables. Then
determine the maximum branch-circuit overcurrent protec-
tion permitted for these bundled MC cables.

Solution

STEP 1. To apply Exception No. 5, first determine the
quantity of current-carrying conductors. According to
310.15(B)(5), equipment grounding conductors are not
counted as current-carrying conductors. According to
310.15(B)(4)(c), fluorescent lighting is considered a nonlin-
ear load, so the grounded conductor of each Type MC cable
must be counted as a current-carrying conductor.

7 cables � 3 conductors each � 21 current-carrying
conductors

Because the quantity of current-carrying conductors exceeds
20, a 60 percent adjustment factor is required by
310.15(B)(2)(a), Exception No. 5.

8 ft
min.

18 in.
max.

10 ft
max.

Utility
pole

Four
current-
carrying
conductors;
no derating
required

RMC, IMC,
Schedule 80 RNC

Ground

STEP 2. Determine the ampacity of each current-carrying
conductor due to these MC cables with more than 20 current-Exhibit 310.4 An application of 310.15(B)(2)(a), Exception

No. 4. carrying conductors being bundled.
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310.15 Article 310 — Conductors for General Wiring

From Table 310.16, 12 AWG THHN � 30 amps During the 1996 NEC cycle, a task group composed of
interested parties was created to recommend to the National30 amps � 0.60 � 18 amps
Electrical Code Committee the direction its standards shouldBecause the actual calculated load is 16 amperes of continu-
take to improve the safeguarding of persons and propertyous load, 210.19(A)(1) is applicable. The conductors must
from conditions that can be introduced by nonlinear loads.have an ampacity equal to or greater than the load before
This group was designated the NEC Correlating Committeethe adjustment factor is applied. Because the ampacity of
Ad Hoc Subcommittee on Nonlinear Loads. The scope ofthe conductors after the adjustment factor is applied is 18
the subcommittee was as follows:amperes, no further adjustment is necessary and the conduc-
1. To study the effects of electrical loads producing substan-tors are suitable for this installation.

tial current distortion upon electrical system distributionSTEP 3. Finally, determine the maximum size of overcurrent
components including but not limited toprotection device permitted for these bundled MC cable
a. Distribution transformers, current transformers, andbranch circuits. Section 240.4(B) permits the use of the

othersnext higher standard rating of overcurrent protection device.
b. Switchboards and panelboardsTherefore, although the conductors have a calculated ampac-
c. Phase and neutral feeder conductorsity of 18 amperes, a 20-ampere overcurrent protective device
d. Phase and neutral branch-circuit conductorsis permitted. In addition, and of significance, the 20-ampere
e. Proximate data and communications conductorsovercurrent protective device is in compliance with

2. To study harmful effects, if any, to the system components210.20(A), given that the actual 16-ampere continuous load
from overheating resulting from these load characteristicswould require a 20-ampere overcurrent protective device,

3. To make recommendations for methods to minimize thebased on the listing of the overcurrent device.
harmful effects of nonlinear loads considering all means,
including compensating methods at load sources

(b) More Than One Conduit, Tube, or Raceway. Spac- 4. To prepare proposals, if necessary, to amend the 1996
ing between conduits, tubing, or raceways shall be main- National Electrical Code, where amelioration to fire
tained. safety may be achieved

The subcommittee reviewed technical literature andSpacing is normally maintained between individual conduits
electrical theory on the fundamental nature of harmonicin groups of conduit runs from junction box to junction box
distortion, as well as the requirements in and proposals forbecause of the need to separate the conduits where they
the 1993 NEC regarding nonlinear loads. The subcommitteeenter the junction box, to allow room for locknuts and bush-
concluded that, while nonlinear loads can cause undesirableings. Field experience has indicated that this degree of spac-
operational effects, including additional heating, no signifi-ing between runs has not caused any problems.
cant threat to persons and property had been substantiated.

The subcommittee agreed with the existing Code text
(3) Bare or Covered Conductors Where bare or covered regarding nonlinear loads. However, the subcommittee sub-
conductors are used with insulated conductors, their allow- mitted many proposals for the 1996 NEC, including a defini-
able ampacities shall be limited to those permitted for the tion of nonlinear load, revised text reflecting that definition,
adjacent insulated conductors. fine print notes calling attention to the effects of nonlinear

loads, and proposals permitting the paralleling of neutral(4) Neutral Conductor
conductors in existing installations under engineering super-

(a) A neutral conductor that carries only the unbalanced vision.
current from other conductors of the same circuit shall not As part of the subcommittee’s final report, nine propos-
be required to be counted when applying the provisions of als for changes to the 1993 NEC were submitted. All were
310.15(B)(2)(a). accepted without modification as changes in the 1996 NEC.

(b) In a 3-wire circuit consisting of two phase wires Also included in this report and now pertinent to
and the neutral of a 4-wire, 3-phase, wye-connected system, 310.15(B)(4)(c) in the 2002 NEC is the following discussion.
a common conductor carries approximately the same current
as the line-to-neutral load currents of the other conductors Should Neutral Conductors Be Oversized?
and shall be counted when applying the provisions of There is concern that, because the theoretical maximum
310.15(B)(2)(a). neutral current is 1.73 times the balanced phase conductor

(c) On a 4-wire, 3-phase wye circuit where the major current, a potential exists for neutral conductor overheating
portion of the load consists of nonlinear loads, harmonic cur- in 3-phase, 4-wire, wye-connected power systems. The sub-
rents are present in the neutral conductor; the neutral shall committee acknowledged this theoretical basis, although a
therefore be considered a current-carrying conductor.
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310.15Article 310 — Conductors for General Wiring

review of documented information could not identify fires
attributed to the use of nonlinear loads.

The subcommittee reviewed all available data regarding
measurements of circuits that contain nonlinear loads. The
data were obtained from consultants, equipment manufactur-
ers, and testing laboratories, and included hundreds of feeder
and branch circuits involving 3-phase, 4-wire, wye-
connected systems with nonlinear loads. The data revealed
that many circuits had neutral conductor current greater than
the phase conductor current, and approximately 5 percent
of all circuits reported had neutral conductor current ex-
ceeding 125 percent of the highest phase conductor current.
One documented survey with data collected in 1988 from
146 three-phase computer power system sites determined
that 3.4 percent of the sites had neutral current in excess of
the rated system full-load current.

According to 384-16(C) of the 1993 NEC [for the 2005
NEC, refer to 210.19(A)(1) and 215.2(A)(1)], the total con-
tinuous load on any overcurrent device located in a pan-
elboard should not exceed 80 percent of its rating (the
exception being assemblies listed for continuous operation Exhibit 310.5 A clamp-on ammeter that uses true rms measure-

ments. (Courtesy of Fluke Corp.)at 100 percent of its rating). Because the neutral conductor
is usually not connected to an overcurrent device, derating
for continuous operation is not necessary. Therefore, neutral
conductor ampacity is usually 125 percent of the maximum
continuous current allowed by the overcurrent device.

Also important for gathering electrically measured data
from existing installations is the measurement of nonsinusoi-
dal voltages and currents.

Measurement of Nonsinusoidal Voltages
and Currents

The measurement of nonsinusoidal voltages and currents
may require instruments different from the conventional me-
ters used to measure sinusoidal waveforms. Many voltage
and current meters respond only to the peak value of a
waveform and indicate a value that is equivalent to the rms
value of a sinusoidal waveform. For a sinusoidal waveform,
the rms value will be 70.7 percent of the peak value. Meters

Exhibit 310.6 A portable tool for such tasks as diagnostic powerof this type are known as ‘‘average responding meters’’
analysis, including harmonic distortion. (Courtesy of Dranetz-

and will give a true indication only if the waveform being BMI)
measured is sinusoidal. Both analog and digital meters may
be average responding instruments. Voltages and currents
that are nonsinusoidal, such as those with harmonic frequen- (5) Grounding or Bonding Conductor A grounding or
cies, cannot be accurately measured using an average re- bonding conductor shall not be counted when applying the
sponding meter. Only a meter that measures ‘‘true rms’’ can provisions of 310.15(B)(2)(a).
be used to correctly measure the rms value of a nonsinusoidal

(6) 120/240-Volt, 3-Wire, Single-Phase Dwelling Serviceswaveform.
and Feeders For individual dwelling units of one family,Exhibit 310.5 shows an example of a clamp-on ammeter
two-family, and multifamily dwellings, conductors, as listedthat uses true rms measurements. Exhibit 310.6 shows an
in Table 310.15(B)(6), shall be permitted as 120/240-volt,example of a portable diagnostic analyzer used for more
3-wire, single-phase service-entrance conductors, servicesophisticated power measurements, including measuring
lateral conductors, and feeder conductors that serve as theharmonic distortion.
main power feeder to each dwelling unit and are installed in
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310.15 Article 310 — Conductors for General Wiring

raceway or cable with or without an equipment grounding
conductor. For application of this section, the main power
feeder shall be the feeder(s) between the main disconnect and
the lighting and appliance branch-circuit panelboards(s). The
feeder conductors to a dwelling unit shall not be required to
have an allowable ampacity rating greater than their service-
entranceconductors. Thegrounded conductor shall bepermit-
ted to be smaller than the ungrounded conductors, provided
the requirements of 215.2, 220.61, and 230.42 are met.

Table 310.15(B)(6) Conductor Types and Sizes for 120/240-
Volt, 3-Wire, Single-Phase Dwelling Services and Feeders.
Conductor Types RHH, RHW, RHW-2, THHN, THHW, THW,
THW-2, THWN, THWN-2, XHHW, XHHW-2, SE, USE, USE-2

Conductor (AWG or kcmil)

Aluminum or Service or

Service
disconnecting
means

Service-entrance 
conductors

Service-entrance conductors

Apartment 1 Apartment 2 Apartment 3

Copper-Clad Feeder Rating
Copper Aluminum (Amperes) Exhibit 310.7 An application of 310.15(B)(6).

4 2 100
3 1 110
2 1/0 125
1 2/0 150

1/0 3/0 175
2/0 4/0 200
3/0 250 225
4/0 300 250
250 350 300
350 500 350
400 600 400

For the 2005 Code, only editorial changes were made to
310.15(B)(6). If a single set of 3-wire, single-phase, service-
entrance conductors in raceway or cable supplies a one-
family, two-family, or multifamily dwelling, the reduced
conductor size permitted by 310.15(B)(6) is applicable to
the service-entrance conductors, service-lateral conductors,
or any feeder conductors that supply the main power feeder
to a dwelling unit.

Section 310.15(B)(6) permits the main feeder to a dwell-

Apartment 1 Apartment 2 Apartment 3

Service-lateral
conductors

Service-entrance
conductors

Service
disconnecting
means

Feeder conductors

ing unit to be sized according to the conductor sizes in Table
310.15(B)(6) even if other loads, such as ac units and pool Exhibit 310.8 Another application of 310.15(B)(6).
loads, are fed from the same service. The feeder conductors
to a dwelling unit are not required to be larger than its

changed in the 1996 Code, the grounded conductor is nowservice-entrance conductors.
Exhibits 310.7 and 310.8 illustrate the application of permitted to be reduced more than two sizes. The stipulation

is that the requirements from the other applicable Code310.15(B)(6). In Exhibit 310.7, the reduced conductor size
permitted is applicable to the service-entrance conductors sections are observed, including 250.24(B).

Other sections of the Code must also be applied forrun to each apartment from the meters. In Exhibit 310.8,
the reduced conductor size permitted is also applicable to determining the size of service or feeder conductors. Section

230.42 requires service conductors to be of sufficient sizethe feeder conductors run to each apartment from the service
disconnecting means, because these feeders carry the entire to carry the load calculated in accordance with Article 220.

It should not be taken for granted that the grounded (neutral)load to each apartment.
Previously limited to a two-wire size reduction but conductor can be automatically reduced. In addition to the
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310.15Article 310 — Conductors for General Wiring

(raceways), although the formula is applicable to all conduc-load, the grounded (neutral) conductor must also provide a
low-impedance fault path capable of conducting fault current tor installations.

It is not the intent of the following discussion to provideback to the transformer. Section 250.24(B) provides the re-
quirements for determining the minimum size grounded instruction on the use of the Neher-McGrath method of

calculation. The intent is to identify the many factors affect-(neutral) conductor.
Section 250.24(B) is not applicable to the grounded ing the calculations. It is because of the many variables and

the complexities of the many formulas involved that the(neutral) conductor of feeders; therefore, the minimum size
is governed by 220.61. Section 220.61 requires the grounded Code requires the calculation to be made under engineering

supervision.(neutral) conductor to be large enough to carry the maximum
unbalance of the net calculated load connected to the neutral Current passing through a conductor produces I2R losses

in the form of heat, which results from conductor losses andand any one ungrounded conductor. In the event that there
are no 240-volt loads, the neutral, under severe unbalanced appears as a temperature rise in the conductor. This heat

must pass through the cable insulation, the air in the raceway,conditions, carries the same current as the ungrounded con-
ductor supplying the load. and the raceway itself to the surrounding medium, usually

earth or concrete, where it is dissipated into the air by radia-
tion and convection. Unless the heat is dissipated, the tem-

(C) Engineering Supervision Under engineering supervi- perature in the conductor will exceed the rating of the
sion, conductor ampacities shall be permitted to be calculated conductor insulation.
by means of the following general formula: The conductor’s ampacity is based on the rate of heat

dissipation through the thermal resistances surrounding the
I = �TC � (TA � �TD)

RDC(1 � YC)RCA
conductor. Current traveling through a material with a spe-
cific resistance at a specified temperature generates this heat.

where: Additional heat is caused by skin and proximity effects,
because usually the current is ac and there are other conduc-TC � conductor temperature in degrees Celsius (�C)
tors in the same duct.TA � ambient temperature in degrees Celsius (�C)

For conductors in underground electrical ducts, there�TD � dielectric loss temperature rise
are several heat sources, as follows, and as illustrated inRDC � dc resistance of conductor at temperature TC
Exhibit 310.9:YC � component ac resistance resulting from skin effect
1. Conductor losses due to the load current I2R. Theseand proximity effect

losses vary with the load current, conductor material,RCA � effective thermal resistance between conductor and
and conductor cross-sectional area (conductor size).surrounding ambient

2. Skin-effect heating if the current is alternating current.
FPN: See Annex B for examples of formula applications. The heat developed by the skin effect is due to the shape

of the conductor and is based on the configuration of
the conductors (i.e., solid, stranded, or compact).The formula in 310.15(C) was developed by J. H. Neher

and M. H. McGrath to determine conductor ampacity. It is 3. Hysteresis losses if the duct is steel or other magnetic
material. These losses are dependent on the magneticactually a composite of a number of separate formulas. A

description of this method of calculation was given in AIEE properties of the electrical duct and the shape of the
duct.paper No. 5-660, ‘‘The Calculation of the Temperature Rise

and Load Capability of Cable Systems,’’ by J. H. Neher and 4. Heating from other conductors in the duct. This heating
is based on the number, location, and proximity of otherM. H. McGrath. This paper was presented to the AIEE

general meeting in Montreal, Quebec, on June 24–28, 1956, conductors as well as the losses in the other conductors.
The more conductors in the raceway, the greater theand was published in AIEE Transactions, Part III (Power

Apparatus and Systems), Vol. 76, October 1957, pp. heating effect from these conductors is likely to be. This
factor replaces the adjustment factors in 310.15(B)(2)(a)752–772. The AIEE (American Institute of Electrical Engi-

neers) is now the Institute of Electrical and Electronic Engi- to the ampacity tables.
5. Mutual heating from other ducts, cables, and so forth,neers (IEEE).

The Neher-McGrath formula in 310.15(C) is a heat- in the vicinity. The closer the other heat sources and the
more they surround the duct for which calculations aretransfer formula, comprising a series of heat-transfer calcula-

tions, that takes into account all heat sources and the thermal being made, the greater the heating effect. For example,
in the case of a symmetrical nine-duct bank, three ductsresistances between the heat sources and free air. The most

common use for the Neher-McGrath formula is to calculate high and three ducts wide, the center duct will receive
the most heat as a result of mutual heating.the ampacity of conductors in underground electrical ducts
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310.15 Article 310 — Conductors for General Wiring

Exhibit 310.9 Heat sources.

Earth backfill

Free air

Concrete-encased 
electrical duct bank

Electrical 
duct

Conductor

Hysteresis loss

I 2R loss and 
skin-effect 
heating

Heating from 
other ducts

Heating from 
other conductors

Conductor Insulation. The conductor Insulation, which isHeat generated by the following various types of losses
is conducted through the different thermal barriers or resis- designed to perform as a good electrical insulator, also serves

as a good thermal insulator. It presents a thermal resistancetances, as illustrated in Exhibit 310.10.

Exhibit 310.10 Thermal barri-
ers (resistances).

Earth backfill

Free air

Concrete
encasement

Other nearby ducts 
in duct bank

Duct wall

Other 
conductors 
in duct

Conductor 
insulation

Air in duct
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310.15Article 310 — Conductors for General Wiring

Table 310.16 Allowable Ampacities of Insulated Conductors Rated 0 Through 2000 Volts, 60�C Through
90�C (140�F Through 194�F), Not More Than Three Current-Carrying Conductors in Raceway, Cable,
or Earth (Directly Buried), Based on Ambient Temperature of 30�C (86�F)

Temperature Rating of Conductor (See Table 310.13.)

60�C (140�F) 75�C (167�F) 90�C (194�F) 60�C (140�F) 75�C (167�F) 90�C (194�F)

Types TBS, SA,
SIS, FEP, FEPB, Types TBS, SA,
MI, RHH, RHW- SIS, THHN,

2, THHN, THHW, THW-2,
Types RHW, THHW, THW-2, Types RHW, THWN-2, RHH,

THHW, THW, THWN-2, USE- THHW, THW, RHW-2, USE-2,
THWN, XHHW, 2, XHH, XHHW, THWN, XHHW, XHH, XHHW,

Types TW, UF USE, ZW XHHW-2, ZW-2 Types TW, UF USE XHHW-2, ZW-2

Size AWG or Size AWG or
kcmil COPPER ALUMINUM OR COPPER-CLAD ALUMINUM kcmil

18 — — 14 — — — —
16 — — 18 — — — —
14* 20 20 25 — — — —
12* 25 25 30 20 20 25 12*
10* 30 35 40 25 30 35 10*
8 40 50 55 30 40 45 8

6 55 65 75 40 50 60 6
4 70 85 95 55 65 75 4
3 85 100 110 65 75 85 3
2 95 115 130 75 90 100 2
1 110 130 150 85 100 115 1

1/0 125 150 170 100 120 135 1/0
2/0 145 175 195 115 135 150 2/0
3/0 165 200 225 130 155 175 3/0
4/0 195 230 260 150 180 205 4/0

250 215 255 290 170 205 230 250
300 240 285 320 190 230 255 300
350 260 310 350 210 250 280 350
400 280 335 380 225 270 305 400
500 320 380 430 260 310 350 500

600 355 420 475 285 340 385 600
700 385 460 520 310 375 420 700
750 400 475 535 320 385 435 750
800 410 490 555 330 395 450 800
900 435 520 585 355 425 480 900

1000 455 545 615 375 445 500 1000
1250 495 590 665 405 485 545 1250
1500 520 625 705 435 520 585 1500
1750 545 650 735 455 545 615 1750
2000 560 665 750 470 560 630 2000

CORRECTION FACTORS

Ambient Temp. For ambient temperatures other than 30�C (86�F), multiply the allowable ampacities shown above by the appropriate Ambient Temp.
(�C) factor shown below. (�F)

21–25 1.08 1.05 1.04 1.08 1.05 1.04 70–77

26–30 1.00 1.00 1.00 1.00 1.00 1.00 78–86

31–35 0.91 0.94 0.96 0.91 0.94 0.96 87–95

36–40 0.82 0.88 0.91 0.82 0.88 0.91 96–104

41–45 0.71 0.82 0.87 0.71 0.82 0.87 105–113

46–50 0.58 0.75 0.82 0.58 0.75 0.82 114–122

51–55 0.41 0.67 0.76 0.41 0.67 0.76 123–131

56–60 — 0.58 0.71 — 0.58 0.71 132–140

61–70 — 0.33 0.58 — 0.33 0.58 141–158

71–80 — — 0.41 — — 0.41 159–176

* See 240.4(D).
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310.15 Article 310 — Conductors for General Wiring

Table 310.17 Allowable Ampacities of Single-Insulated Conductors Rated 0 Through 2000 Volts in Free
Air, Based on Ambient Air Temperature of 30�C (86�F)

Temperature Rating of Conductor (See Table 310.13.)

60�C (140�F) 75�C (167�F) 90�C (194�F) 60�C (140�F) 75�C (167�F) 90�C (194�F)

Types TBS, SA,
SIS, FEP, FEPB, Types TBS, SA,
MI, RHH, RHW- SIS, THHN,

2, THHN, THHW, THW-2,
Types RHW, THHW, THW-2, THWN-2, RHH,

THHW, THW, THWN-2, USE- Types RHW, RHW-2, USE-2,
THWN, XHHW, 2, XHH, XHHW, THHW, THW, XHH, XHHW,

Types TW, UF ZW XHHW-2, ZW-2 Types TW, UF THWN, XHHW XHHW-2, ZW-2

Size AWG or Size AWG or
kcmil COPPER ALUMINUM OR COPPER-CLAD ALUMINUM kcmil

18 — — 18 — — — —
16 — — 24 — — — —
14* 25 30 35 — — — —
12* 30 35 40 25 30 35 12*
10* 40 50 55 35 40 40 10*
8 60 70 80 45 55 60 8

6 80 95 105 60 75 80 6
4 105 125 140 80 100 110 4
3 120 145 165 95 115 130 3
2 140 170 190 110 135 150 2
1 165 195 220 130 155 175 1

1/0 195 230 260 150 180 205 1/0
2/0 225 265 300 175 210 235 2/0
3/0 260 310 350 200 240 275 3/0
4/0 300 360 405 235 280 315 4/0

250 340 405 455 265 315 355 250
300 375 445 505 290 350 395 300
350 420 505 570 330 395 445 350
400 455 545 615 355 425 480 400
500 515 620 700 405 485 545 500

600 575 690 780 455 540 615 600
700 630 755 855 500 595 675 700
750 655 785 885 515 620 700 750
800 680 815 920 535 645 725 800
900 730 870 985 580 700 785 900

1000 780 935 1055 625 750 845 1000
1250 890 1065 1200 710 855 960 1250
1500 980 1175 1325 795 950 1075 1500
1750 1070 1280 1445 875 1050 1185 1750
2000 1155 1385 1560 960 1150 1335 2000

CORRECTION FACTORS

Ambient Temp. For ambient temperatures other than 30�C (86�F), multiply the allowable ampacities shown above by the appropriate Ambient Temp.
(�C) factor shown below. (�F)

21–25 1.08 1.05 1.04 1.08 1.05 1.04 70–77

26–30 1.00 1.00 1.00 1.00 1.00 1.00 78–86

31–35 0.91 0.94 0.96 0.91 0.94 0.96 87–95

36–40 0.82 0.88 0.91 0.82 0.88 0.91 96–104

41–45 0.71 0.82 0.87 0.71 0.82 0.87 105–113

46–50 0.58 0.75 0.82 0.58 0.75 0.82 114–122

51–55 0.41 0.67 0.76 0.41 0.67 0.76 123–131

56–60 — 0.58 0.71 — 0.58 0.71 132–140

61–70 — 0.33 0.58 — 0.33 0.58 141–158

71–80 — — 0.41 — — 0.41 159–176

* See 240.4(D).
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310.15Article 310 — Conductors for General Wiring

Table 310.18 Allowable Ampacities of Insulated Conductors Rated 0 Through 2000 Volts, 150�C Through
250�C (302�F Through 482�F). Not More Than Three Current-Carrying Conductors in Raceway or
Cable, Based on Ambient Air Temperature of 40�C (104�F)

Temperature Rating of Conductor (See Table 310.13.)

150�C (302�F) 200�C (392�F) 250�C (482�F) 150�C (302�F)

Types FEP, FEPB,
Type Z PFA, SA Types PFAH, TFE Type Z

NICKEL OR ALUMINUM OR
NICKEL-COATED COPPER-CLAD

Size AWG or kcmil COPPER COPPER ALUMINUM Size AWG or kcmil

14 34 36 39 — 14
12 43 45 54 30 12
10 55 60 73 44 10
8 76 83 93 57 8

6 96 110 117 75 6
4 120 125 148 94 4
3 143 152 166 109 3
2 160 171 191 124 2
1 186 197 215 145 1

1/0 215 229 244 169 1/0
2/0 251 260 273 198 2/0
3/0 288 297 308 227 3/0
4/0 332 346 361 260 4/0

CORRECTION FACTORS

Ambient Temp. For ambient temperatures other than 40�C (104�F), multiply the allowable ampacities shown Ambient Temp.
(�C) above by the appropriate factor shown below. (�F)

41–50 0.95 0.97 0.98 0.95 105–122

51–60 0.90 0.94 0.95 0.90 123–140

61–70 0.85 0.90 0.93 0.85 141–158

71–80 0.80 0.87 0.90 0.80 159–176

81–90 0.74 0.83 0.87 0.74 177–194

91–100 0.67 0.79 0.85 0.67 195–212

101–120 0.52 0.71 0.79 0.52 213–248

121–140 0.30 0.61 0.72 0.30 249–284

141–160 — 0.50 0.65 — 285–320

161–180 — 0.35 0.58 — 321–356

181–200 — — 0.49 — 357–392

201–225 — — 0.35 — 393–437
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310.60 Article 310 — Conductors for General Wiring

to heat generated by the conductor due to the I2R losses,
P. Pollak, ‘‘Neher-McGrath Calculations for Insulatedincluding any dielectric losses. This thermal resistance value
Power Cables,’’ IEEE Paper No. CH2040-4/84/0000-depends on the thickness of the insulation and the type of
0172, presented at the IEEE Industrial and Commercialinsulating material used. Materials such as polyvinyl chlo-
Power Systems Technical Conference, Atlanta, GA,ride, used in Type THW and other conductors; cross-linked
May 9, 1984.polyethylene, used in Type XHHW and other conductors;

and rubber, used in Type RHW and other conductors, have M. T. Brown et al., ‘‘Cable Ampacities, the NEC and
different thermal resistivities. In addition, the thickness of Computerized Applications,’’ IEEE Paper No. CH2207-
the conductor insulation varies from one type of insulation 9/85/00000-0323.
to another, even for the same size conductor. J. M. Caloggero, ‘‘How to Use the Neher-McGrath

Method to Calculate Ampacity of Underground Conduc-Airspace. The next thermal barrier encountered by the heat
tors,’’ NFPA Fire Journal, May/June 1988, pp. 17-18.flow generated in the conductor is the airspace between the

conductor insulation and the surrounding wall or raceway.
The thermal resistance of this airspace is based on the num-
ber of conductors in the duct, the assumed mean value of

310.60 Conductors Rated 2001 to 35,000 Voltsthe temperature of the air in the duct, and the constants
provided in the Neher-McGrath paper, which were deter- (A) Definitions
mined from experimental data.

Electrical Ducts. As used in Article 310, electrical ducts
Duct Wall. After it passes through the airspace around the shall include any of the electrical conduits recognized in
conductors, the heat encounters the thermal resistance of the Chapter 3 as suitable for use underground; other raceways
duct wall. This thermal resistance is based on the thermal round in cross section, listed for underground use, and em-
resistivity of the type of material used and the thickness of bedded in earth or concrete.
the duct wall. Metallic materials have less thermal resistance
than nonmetallic materials. The thicker the wall, the greater The term electrical ducts is used to differentiate them from
the thermal resistance. other ducts, for example, those used for air handling. It is in-

tended to include nonmetallic electrical ducts commonly used
Earth Backfill. The thermal resistance that must be consid- for underground wiring, as well as other raceways (e.g., rigid
ered next is that offered by the earth or other backfill material metal conduit, intermediate metal conduit, rigid nonmetallic
above the duct. This incorporates not only the thermal resisti- conduit) listed for use underground in earth or concrete.
vity and ambient temperature of the earth but also the number
of current-carrying conductors within the duct, the outside
diameter of the duct, the burial depth, a loss factor, and the Thermal Resistivity. As used in this Code, the heat transfer
mutual heating factor caused by other nearby ducts. The capability through a substance by conduction. It is the recip-
deeper the duct is buried, the greater the thermal resistance. rocal of thermal conductivity and is designated Rho and

To prevent the temperature of the conductors from ex- expressed in the units �C-cm/watt.
ceeding the rated temperature of the insulation, heat dissipa-
tion through thermal resistances must be equal to or greater (B) Ampacities of Conductors Rated 2001 to 35,000 Volts
than the heat developed. Thus, the thermal resistances of all Ampacities for solid dielectric-insulated conductors shall be
the components of a conductor must be determined, and permitted to be determined by tables or under engineering
the allowable temperature differential above the ambient supervision, as provided in 310.60(C) and (D).
temperature and between the conductors and the surface of

(1) Selection of Ampacity Where more than one calculatedthe earth must be known.
or tabulated ampacity could apply for a given circuit length,In addition to the Neher-McGrath paper itself, as de-
the lowest value shall be used.scribed in the first paragraph of this commentary, the follow-

ing references provide more detailed information on the use
Exception: Where two different ampacities apply to adjacent

of this method of calculation:
portions of a circuit, the higher ampacity shall be permitted
to be used beyond the point of transition, a distance equalIPCEA P-46-426 (IEEE S-135-1), Power Cable Ampac-
to 3.0 m (10 ft) or 10 percent of the circuit length figuredity Tables, Insulated Power Cable Engineers Association.
at the higher ampacity, whichever is less.

IEEE 835-1994, IEEE Standard Power Cable Ampacity
Tables, Institute of Electrical and Electronic Engineers. FPN: See 110.40 for conductor temperature limitations

due to termination provisions.
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310.60Article 310 — Conductors for General Wiring

Table 310.19 Allowable Ampacities of Single-Insulated Conductors, Rated 0 Through 2000 Volts, 150�C
Through 250�C (302�F Through 482�F), in Free Air, Based on Ambient Air Temperature of 40�C (104�F)

Temperature Rating of Conductor (See Table 310.13.)

150�C (302�F) 200�C (392�F) 250�C (482�F) 150�C (302�F)

Types FEP, FEPB,
Type Z PFA, SA Types PFAH, TFE Type Z

NICKEL, OR ALUMINUM OR
NICKEL-COATED COPPER-CLAD

Size AWG or kcmil COPPER COPPER ALUMINUM Size AWG or kcmil

14 46 54 59 — 14
12 60 68 78 47 12
10 80 90 107 63 10

8 106 124 142 83 8

6 155 165 205 112 6
4 190 220 278 148 4
3 214 252 327 170 3
2 255 293 381 198 2
1 293 344 440 228 1

1/0 339 399 532 263 1/0
2/0 390 467 591 305 2/0
3/0 451 546 708 351 3/0
4/0 529 629 830 411 4/0

CORRECTION FACTORS

For ambient temperatures other than 40�C (104�F), multiply the allowable ampacities shown above
Ambient Temp. (�C) by the appropriate factor shown below. Ambient Temp. (�F)

41–50 0.95 0.97 0.98 0.95 105–122

51–60 0.90 0.94 0.95 0.90 123–140

61–70 0.85 0.90 0.93 0.85 141–158

71–80 0.80 0.87 0.90 0.80 159–176

81–90 0.74 0.83 0.87 0.74 177–194

91–100 0.67 0.79 0.85 0.67 195–212

101–120 0.52 0.71 0.79 0.52 213–248

121–140 0.30 0.61 0.72 0.30 249–284

141–160 — 0.50 0.65 — 285–320

161–180 — 0.35 0.58 — 321–356

181–200 — — 0.49 — 357–392

201–225 — — 0.35 — 393–437
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310.60 Article 310 — Conductors for General Wiring

Table 310.20 Ampacities of Not More Than Three Single Insulated Conductors, Rated 0 Through 2000
Volts, Supported on a Messenger, Based on Ambient Air Temperature of 40�C (104�F)

Temperature Rating of Conductor (See Table 310.13.)

75�C (167�F) 90�C (194�F) 75�C (167�F) 90�C (194�F)

Types MI, THHN,
THHW, THW-2, Types THHN, THHW,
THWN-2, RHH, RHH, XHHW, RHW-

Types RHW, THHW, RHW-2, USE-2, Types RHW, THW, 2, XHHW-2, THW-2,
THW, THWN, XHHW, XHHW, XHHW-2, THWN, THHW, THWN-2, USE-2,

ZW ZW-2 XHHW ZW-2

Size AWG or kcmil COPPER ALUMINUM OR COPPER-CLAD ALUMINUM Size AWG or kcmil

8 57 66 44 51 8
6 76 89 59 69 6
4 101 117 78 91 4
3 118 138 92 107 3
2 135 158 106 123 2
1 158 185 123 144 1

1/0 183 214 143 167 1/0
2/0 212 247 165 193 2/0
3/0 245 287 192 224 3/0
4/0 287 335 224 262 4/0

250 320 374 251 292 250
300 359 419 282 328 300
350 397 464 312 364 350
400 430 503 339 395 400
500 496 580 392 458 500

600 553 647 440 514 600
700 610 714 488 570 700
750 638 747 512 598 750
800 660 773 532 622 800
900 704 826 572 669 900

1000 748 879 612 716 1000

CORRECTION FACTORS

For ambient temperatures other than 40�C (104�F), multiply the allowable ampacities shown above
Ambient Temp. (�C) by the appropriate factor shown below. Ambient Temp. (�F)

21–25 1.20 1.14 1.20 1.14 70–77

26–30 1.13 1.10 1.13 1.10 79–86

31–35 1.07 1.05 1.07 1.05 88–95

36–40 1.00 1.00 1.00 1.00 97–104

41–45 0.93 0.95 0.93 0.95 106–113

46–50 0.85 0.89 0.85 0.89 115–122

51–55 0.76 0.84 0.76 0.84 124–131

56–60 0.65 0.77 0.65 0.77 133–140

61–70 0.38 0.63 0.38 0.63 142–158

71–80 — 0.45 — 0.45 160–176
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310.60Article 310 — Conductors for General Wiring

Table 310.21 Ampacities of Bare or Covered Conductors in Free Air, Based on 40�C (104�F) Ambient,
80�C (176�F) Total Conductor Temperature, 610 mm/sec (2 ft/sec) Wind Velocity

Copper Conductors AAC Aluminum Conductors

Bare Covered Bare Covered

AWG or AWG or AWG or AWG or
kcmil Amperes kcmil Amperes kcmil Amperes kcmil Amperes

8 98 8 103 8 76 8 80
6 124 6 130 6 96 6 101
4 155 4 163 4 121 4 127
2 209 2 219 2 163 2 171

1/0 282 1/0 297 1/0 220 1/0 231
2/0 329 2/0 344 2/0 255 2/0 268
3/0 382 3/0 401 3/0 297 3/0 312
4/0 444 4/0 466 4/0 346 4/0 364
250 494 250 519 266.8 403 266.8 423
300 556 300 584 336.4 468 336.4 492
500 773 500 812 397.5 522 397.5 548
750 1000 750 1050 477.0 588 477.0 617

1000 1193 1000 1253 556.5 650 556.5 682
— — — — 636.0 709 636.0 744
— — — — 795.0 819 795.0 860
— — — — 954.0 920 — —
— — — — 1033.5 968 1033.5 1017
— — — — 1272 1103 1272 1201
— — — — 1590 1267 1590 1381
— — — — 2000 1454 2000 1527

Table 310.61 Conductor Application and Insulation Table 310.62 Thickness of Insulation for 601- to 2000-Volt
Nonshielded Types RHH and RHW

Maximum
Column A1 Column B2

Operating
Conductor SizeType Tempera- Application Outer
(AWG or kcmil) mm mils mm milsTrade Name Letter ture Provision Insulation Covering

14–10 2.03 80 1.52 60Medium voltage MV-90 90�C Dry or wet Thermo- Jacket,
8 2.03 80 1.78 70solid dielectric MV-105* 105�C locations plastic or sheath, or

6–2 2.41 95 1.78 70
rated 2001 thermo- armor

1–2/0 2.79 110 2.29 90
volts and setting 3/0–4/0 2.79 110 2.29 90
higher 213–500 3.18 125 2.67 105

501–1000 3.56 140 3.05 120*Where design conditions require maximum conductor temperatures
1001–2000 3.56 140 3.56 140above 90�C.

1Column A insulations are limited to natural, SBR, and butyl rubbers.
2Column B insulations are materials such as cross-linked polyethylene,
ethylene propylene rubber, and composites thereof.

(C) Tables Ampacities for conductors rated 2001 to 35,000
volts shall be as specified in the Ampacity Tables 310.67
through 310.86. Ampacities at ambient temperatures other

the references therein for availability of all factors andthan those shown in the tables shall be determined by the
constants.formula in 310.60(C)(4).
FPN No. 2: Ampacities provided by this section do not
take voltage drop into consideration. See 210.19(A), FPNFPN No. 1: For ampacities calculated in accordance with

310.60(B), reference IEEE 835-1994 (IPCEA Pub. No. No. 4, for branch circuits and 215.2(A), FPN No. 2, for
feeders.P-46-426), Standard Power Cable Ampacity Tables, and
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310.60 Article 310 — Conductors for General Wiring

(1) Grounded Shields Ampacities shown in Tables 310.69, is needed, provided the total length of parts of the duct run
increased in depth is less than 25 percent of the total run310.70, 310.81, and 310.82 are for cable with shields

grounded at one point only. Where shields are grounded at length.
more than one point, ampacities shall be adjusted to take (b) Where burial depths are deeper than shown in a
into consideration the heating due to shield currents. specific underground ampacity table or figure, an ampacity

derating factor of 6 percent per 300-mm (1-ft) increase in(2) Burial Depth of Underground Circuits Where the
depth for all values of rho shall be permitted.burial depth of direct burial or electrical duct bank circuits

is modified from the values shown in a figure or table,
No rating change is needed where the burial depth isampacities shall be permitted to be modified as indicated in

decreased.(C)(a) and (C)(b).

(3) Electrical Ducts in Figure 310.60 At locations where(a) Where burial depths are increased in part(s) of an
electrical duct run, no decrease in ampacity of the conductors electrical ducts enter equipment enclosures from under

Legend

 Backfill (earth or concrete)

 Electrical duct

 Cable or cables

Detail 1 
290 mm × 290 mm
(11.5 in. × 11.5 in.)
Electrical duct bank
One electrical duct

Detail 2 
475 mm × 475 mm
(19 in. × 19 in.) 
Electrical duct bank
Three electrical ducts
           or

Detail 3 
475 mm × 675 mm
(19 in. × 27 in.) 
Electrical duct bank
Six electrical ducts
           or

Detail 5 
Buried 3 
conductor 
cables

Detail 6 
Buried 3 
conductor 
cables

Detail 7 
Buried triplexed
cables (1 circuit)

Detail 8 
Buried triplexed
cables (2 circuits)

675 mm × 290 mm
(27 in. × 11.5 in.)
Electrical duct bank
Three electrical ducts

675 mm × 475 mm
(27 in. × 19 in.) 
Electrical duct bank
Six electrical ducts

Detail 9 
Buried single-conductor
cables (1 circuit)

Detail 10 
Buried single-conductor
cables (2 circuits)

Note: Minimum burial depths to top electrical ducts or cables shall be  
 in accordance with Section 300.50. Maximum depth to the top  
 of electrical duct banks shall be 750 mm (30 in.) and maximum 
 depth to the top of direct buried cables shall be 900 mm (36 in.).

600 mm
(24 in.)

19
0 

m
m

(7
.5

 in
.)

19
0

m
m

(7
.5

in
.)

19
0 

m
m

(7
.5

 in
.)

190 mm (7.5 in.)

190 mm (7.5 in.)

190 mm 
(7.5 in.)

190 mm 
(7.5 in.)

19
0

m
m

(7
.5

in
.)

190 mm 
(7.5 in.)

190 mm 
(7.5 in.)

190 mm 
(7.5 in.)

190 mm 
(7.5 in.)

190 mm 
(7.5 in.)

190 mm 
(7.5 in.)

190 mm 
(7.5 in.)

190 mm 
(7.5 in.)

600 mm
(24 in.)

600 mm
(24 in.)

Figure 310.60 Cable Installation Dimensions for Use with Table 310.77 Through Table 310.86.
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310.60Article 310 — Conductors for General Wiring

Table 310.63 Thickness of Insulated Conductors Rated 2400 Volts and Jacket for Nonshielded Solid
Dielectric Insulation

Dry Locations, Single Conductor Wet or Dry Locations

Without With Jacket Single Conductor
Jacket Multiconductor

Conductor Insulation Insulation Jacket Insulation Jacket Insulation*
Size (AWG or

kcmil) mm mils mm mils mm mils mm mils mm mils mm mils

8 2.79 110 2.29 90 0.76 30 3.18 125 2.03 80 2.29 90
6 2.79 110 2.29 90 0.76 30 3.18 125 2.03 80 2.29 90

4–2 2.79 110 2.29 90 1.14 45 3.18 125 2.03 80 2.29 90
1–2/0 2.79 110 2.29 90 1.14 45 3.18 125 2.03 80 2.29 90

3/0–4/0 2.79 110 2.29 90 1.65 65 3.18 125 2.41 95 2.29 90
213–500 3.05 120 2.29 90 1.65 65 3.56 140 2.79 110 2.29 90
501–750 3.30 130 2.29 90 1.65 65 3.94 155 3.18 125 2.29 90
751–1000 3.30 130 2.29 90 1.65 65 3.94 155 3.18 125 2.29 90

*Under a common overall covering such as a jacket, sheath, or armor.

Table 310.64 Thickness of Insulation for Shielded Solid Dielectric Insulated Conductors Rated 2001
to 35,000 Volts

5001–8000 volts 8001–15,000 volts 15,001–25,000 volts

100 133 173 100 133 173 100 133 173
Percent Percent Percent Percent Percent Percent Percent Percent Percent

2001–5000 Insulation Insulation Insulation Insulation Insulation Insulation Insulation Insulation Insulation
Conductor Volts Level1 Level2 Level3 Level1 Level2 Level3 Level1 Level2 Level3

Size (AWG
or kcmil) mm mils mm mils mm mils mm mils mm mils mm mils mm mils mm mils mm mils mm mils

8 2.29 90 — — — — — — — — — — — — — — — — — —
6–4 2.29 90 2.92 115 3.56 140 4.45 175 — — — — — — — — — — — —

2 2.29 90 2.92 115 3.56 140 4.45 175 4.45 175 5.59 220 6.60 260 — — — — — —
1 2.29 90 2.92 115 3.56 140 4.45 175 4.45 175 5.59 220 6.60 260 6.60 260 8.13 320 10.67 420

1/0–2000 2.29 90 2.92 115 3.56 140 4.45 175 4.45 175 5.59 220 6.60 260 6.60 260 8.13 320 10.67 420

25,001–28000 volts 28,001–35,000 volts

100 Percent 133 Percent 173 Percent 100 Percent 133 Percent 173 Percent
Insulation Insulation Insulation Insulation Insulation Insulation

Conductor Level1 Level2 Level3 Level1 Level2 Level3

Size (AWG
or kcmil) mm mils mm mils mm mils mm mils mm mils mm mils

1 7.11 2.80 8.76 345 11.30 445 — — — — — —
1/0–2000 7.11 2.80 8.76 345 11.30 445 8.76 345 10.67 420 14.73 580

Notes:
1100 Percent Insulation Level. Cables in this category shall be permitted to be applied where the system is provided with
relay protection such that ground faults will be cleared as rapidly as possible but, in any case, within 1 minute. While
these cables are applicable to the great majority of cable installations that are on grounded systems, they shall be permitted
to be used also on other systems for which the application of cables is acceptable, provided the above clearing requirements
are met in completely de-energizing the faulted section.
2133 Percent Insulation Level. This insulation level corresponds to that formerly designated for ungrounded systems.
Cables in this category shall be permitted to be applied in situations where the clearing time requirements of the 100
percent level category cannot be met and yet there is adequate assurance that the faulted section will be de-energized in
a time not exceeding 1 hour. Also, they shall be permitted to be used in 100 percent insulation level applications where
additional insulation is desirable.
3173 Percent Insulation Level. Cables in this category shall be permitted to be applied under all of the following conditions:
(1) In industrial establishments where the conditions of maintenance and supervision ensure that only qualified persons
service the installation
(2) Where the fault clearing time requirements of the 133 percent level category cannot be met
(3) Where an orderly shutdown is essential to protect equipment and personnel
(4) There is adequate assurance that the faulted section will be de-energized in an orderly shutdown
Also, cables with this insulation thickness shall be permitted to be used in 100 or 133 percent insulation level applications
where additional insulation strength is desirable.

National Electrical Code Handbook 2005 305

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

--```,,``,`,,,`,`,`,`,,,,,,`,,,-`-`,,`,,`,`,,`---



310.60 Article 310 — Conductors for General Wiring

(D) Engineering Supervision Under engineering supervi-ground, spacing between such ducts, as shown in Figure
310.60, shall be permitted to be reduced without requiring sion, conductor ampacities shall be permitted to be calculated

by means of the following general formula:the ampacity of conductors therein to be reduced.

(4) Ambients Not in Tables Ampacities at ambient tem-
I = �TC � (TA � �TD)

RDC(1 � YC)RCA
peratures other than those shown in the tables shall be deter-
mined by means of the following formula:

where:

TC � conductor temperature in �C
I2 = I1�TC � TA2 � �TD

TC � TA1 � �TD TA � ambient temperature in �C
�TD � dielectric loss temperature rise

where:
RDC � dc resistance of conductor at temperature TC

I1 � ampacity from tables at ambient TA1 YC � component ac resistance resulting from skin effect
I2 � ampacity at desired ambient TA2 and proximity effect

TC � conductor temperature in degrees Celsius (�C) RCA � effective thermal resistance between conductor and
TA1 � surrounding ambient from tables in degrees Celsius surrounding ambient

(�C)
TA2 � desired ambient in degrees Celsius (�C) FPN: See Annex B for examples of formula applications.

�TD � dielectric loss temperature rise

Table 310.67 Ampacities of Insulated Single Copper Conductor Table 310.68 Ampacities of Insulated Single Aluminum
Conductor Cables Triplexed in Air Based on ConductorCables Triplexed in Air Based on Conductor Temperatures of

90�C (194�F) and 105�C (221�F) and Ambient Air Temperature Temperatures of 90�C (194�F) and 105�C (221�F) and Ambient
Air Temperature of 40�C (104�F)of 40�C (104�F)

Temperature Rating of Conductor Temperature Rating of Conductor
(See Table 310.61.)(See Table 310.61.)

2001–5000 Volts 5001–35,000 Volts 2001–5000 Volts 5001–35,000 Volts
Ampacity AmpacityAmpacity Ampacity

105�C 105�C 90�C 90�C
Conductor (194�F) (194�F)Conductor (221�F) (221�F)

Size (AWG 90�C (194�F) Type 90�C (194�F) Type Size (AWG Type 105�C (221�F) Type 105�C (221�F)
or kcmil) MV-90 Type MV-105 MV-90 Type MV-105or kcmil) Type MV-90 MV-105 Type MV-90 MV-105

8 65 74 — — 8 50 57 — —
6 70 77 75 846 90 99 100 110

4 120 130 130 140 4 90 100 100 110
2 125 135 130 1502 160 175 170 195

1 185 205 195 225 1 145 160 150 175

1/0 170 185 175 2001/0 215 240 225 255
2/0 250 275 260 295 2/0 195 215 200 230

3/0 225 250 230 2653/0 290 320 300 340
4/0 335 375 345 390 4/0 265 290 270 305

250 295 325 300 335250 375 415 380 430
350 465 515 470 525 350 365 405 370 415

500 460 510 460 515500 580 645 580 650
750 750 835 730 820 750 600 665 590 660

1000 715 800 700 7801000 880 980 850 950
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310.60Article 310 — Conductors for General Wiring

Table 310.69 Ampacities of Insulated Single Copper Conductor Table 310.71 Ampacities of an Insulated Three-Conductor
Copper Cable Isolated in Air Based on ConductorIsolated in Air Based on Conductor Temperatures of 90�C

(194�F) and 105�C (221�F) and Ambient Air Temperature of Temperatures of 90�C (194�F) and 105�C (221�F) and Ambient
Air Temperature of 40�C (104�F)40�C (104�F)

Temperature Rating of Conductor (See Table 310.61.) Temperature Rating of Conductor (See Table 310.61.)

2001–5000 Volts 5001–35,000 Volts2001–5000 Volts 5001–15,000 15,001–35,000
Ampacity Volts Ampacity Volts Ampacity Ampacity Ampacity

105�C 105�C90�C 105�C 90�C 105�C 90�C 105�C
Conductor (194�F) (221�F) (194�F) (221�F) (194�F) (221�F) Conductor (221�F) (221�F)

Size (AWG 90�C (194�F) Type 90�C (194�F) TypeSize (AWG Type Type Type Type Type Type
or kcmil) MV-90 MV-105 MV-90 MV-105 MV-90 MV-105 or kcmil) Type MV-90 MV-105 Type MV-90 MV-105

8 59 66 — —8 83 93 — — — —
6 110 120 110 125 — — 6 79 88 93 105

4 105 115 120 1354 145 160 150 165 — —
2 190 215 195 215 — — 2 140 154 165 185

1 160 180 185 2101 225 250 225 250 225 250

1/0 260 290 260 290 260 290 1/0 185 205 215 240
2/0 215 240 245 2752/0 300 330 300 335 300 330

3/0 345 385 345 385 345 380 3/0 250 280 285 315
4/0 285 320 325 3604/0 400 445 400 445 395 445

250 445 495 445 495 440 490 250 320 355 360 400
350 395 440 435 490350 550 615 550 610 545 605

500 695 775 685 765 680 755 500 485 545 535 600
750 615 685 670 745750 900 1000 885 990 870 970

1000 705 790 770 860
1000 1075 1200 1060 1185 1040 1160
1250 1230 1370 1210 1350 1185 1320
1500 1365 1525 1345 1500 1315 1465
1750 1495 1665 1470 1640 1430 1595
2000 1605 1790 1575 1755 1535 1710

Table 310.70 Ampacities of Insulated Single Aluminum Table 310.72 Ampacities of an Insulated Three-Conductor
Conductor Isolated in Air Based on Conductor Temperatures Aluminum Cable Isolated in Air Based on Conductor
of 90�C (194�F) and 105�C (221�F) and Ambient Air Temperatures of 90�C (194�F) and 105�C (221�F) and Ambient
Temperature of 40�C (104�F) Air Temperature of 40�C (104�F)

Temperature Rating of Conductor (See Table 310.61.) Temperature Rating of Conductor (See Table 310.61.)

2001–5000 Volts 5001–15,000 15,001–35,000 2001–5000 Volts 5001–35,000 Volts
Ampacity Volts Ampacity Volts Ampacity Ampacity Ampacity

90�C 105�C 90�C 105�C 90�C 105�C 105�C 105�C
Conductor (194�F) (221�F) (194�F) (221�F) (194�F) (221�F) Conductor (221�F) (221�F)
Size (AWG Type Type Type Type Type Type Size (AWG 90�C (194�F) Type 90�C (194�F) Type
or kcmil) MV-90 MV-105 MV-90 MV-105 MV-90 MV-105 or kcmil) Type MV-90 MV-105 Type MV-90 MV-105

8 64 71 — — — — 8 46 51 — —
6 85 95 87 97 — — 6 61 68 72 80
4 115 125 115 130 — — 4 81 90 95 105
2 150 165 150 170 — — 2 110 120 125 145
1 175 195 175 195 175 195 1 125 140 145 165

1/0 200 225 200 225 200 225 1/0 145 160 170 185
2/0 230 260 235 260 230 260 2/0 170 185 190 215
3/0 270 300 270 300 270 300 3/0 195 215 220 245
4/0 310 350 310 350 310 345 4/0 225 250 255 285

250 345 385 345 385 345 380 250 250 280 280 315
350 430 480 430 480 430 475 350 310 345 345 385
500 545 605 535 600 530 590 500 385 430 425 475
750 710 790 700 780 685 765 750 495 550 540 600

1000 585 650 635 705
1000 855 950 840 940 825 920
1250 980 1095 970 1080 950 1055
1500 1105 1230 1085 1215 1060 1180
1750 1215 1355 1195 1335 1165 1300
2000 1320 1475 1295 1445 1265 1410
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310.60 Article 310 — Conductors for General Wiring

Table 310.73 Ampacities of an Insulated Triplexed or Three Table 310.75 Ampacities of an Insulated Three-Conductor
Copper Cable in Isolated Conduit in Air Based on ConductorSingle-Conductor Copper Cables in Isolated Conduit in Air

Based on Conductor Temperatures of 90�C (194�F) and 105�C Temperatures of 90�C (194�F) and 105�C (221�F) and Ambient
Air Temperature of 40�C (104�F)(221�F) and Ambient Air Temperature of 40�C (104�F)

Temperature Rating of Conductor (See Table 310.61.) Temperature Rating of Conductor (See Table 310.61.)

2001–5000 Volts 5001–35,000 Volts2001–5000 Volts 5001–35,000 Volts
Ampacity Ampacity Ampacity Ampacity

105�C 105�C105�C 105�C
Conductor (221�F) (221�F) Conductor (221�F) (221�F)

Size (AWG 90�C (194�F) Type 90�C (194�F) TypeSize (AWG 90�C (194�F) Type 90�C (194�F) Type
or kcmil) Type MV-90 MV-105 Type MV-90 MV-105 or kcmil) Type MV-90 MV-105 Type MV-90 MV-105

8 52 58 — —8 55 61 — —
6 75 84 83 93 6 69 77 83 92

4 91 100 105 1204 97 110 110 120
2 130 145 150 165 2 125 135 145 165

1 140 155 165 1851 155 175 170 190

1/0 180 200 195 215 1/0 165 185 195 215
2/0 190 210 220 2452/0 205 225 225 255

3/0 240 270 260 290 3/0 220 245 250 280
4/0 255 285 290 3204/0 280 305 295 330

250 315 355 330 365 250 280 315 315 350
350 350 390 385 430350 385 430 395 440

500 475 530 480 535 500 425 475 470 525
750 525 585 570 635750 600 665 585 655

1000 690 770 675 755 1000 590 660 650 725

Table 310.74 Ampacities of an Insulated Triplexed or Three Table 310.76 Ampacities of an Insulated Three-Conductor
Aluminum Cable in Isolated Conduit in Air Based onSingle-Conductor Aluminum Cables in Isolated Conduit in Air

Based on Conductor Temperatures of 90�C (194�F) and 105�C Conductor Temperatures of 90�C (194�F) and 105�C (221�F)
and Ambient Air Temperature of 40�C (104�F)(221�F) and Ambient Air Temperature of 40�C (104�F)

Temperature Rating of Conductor (See Table 310.61.) Temperature Rating of Conductor (See Table 310.61.)

2001–5000 Volts 5001–35,000 Volts2001–5000 Volts 5001–35,000 Volts
Ampacity Ampacity Ampacity Ampacity

105�C 105�C105�C 105�C
Conductor (221�F) (221�F) Conductor (221�F) (221�F)

Size (AWG 90�C (194�F) Type 90�C (194�F) TypeSize (AWG 90�C (194�F) Type 90�C (194�F) Type
or kcmil) Type MV-90 MV-105 Type MV-90 MV-105 or kcmil) Type MV-90 MV-105 Type MV-90 MV-105

8 41 46 — —8 43 48 — —
6 58 65 65 72 6 53 59 64 71

4 71 79 84 944 76 85 84 94
2 100 115 115 130 2 96 105 115 125

1 110 125 130 1451 120 135 130 150

1/0 140 155 150 170 1/0 130 145 150 170
2/0 150 165 170 1902/0 160 175 175 200

3/0 190 210 200 225 3/0 170 190 195 220
4/0 200 225 225 2554/0 215 240 230 260

250 250 280 255 290 250 220 245 250 280
350 275 305 305 340350 305 340 310 350

500 380 425 385 430 500 340 380 380 425
750 430 480 470 520750 490 545 485 540

1000 580 645 565 640 1000 505 560 550 615
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310.60Article 310 — Conductors for General Wiring

Table 310.77 Ampacities of Three Single-Insulated Copper Table 310.78 Ampacities of Three Single-Insulated Aluminum
Conductors in Underground Electrical Ducts (ThreeConductors in Underground Electrical Ducts (Three

Conductors per Electrical Duct) Based on Ambient Earth Conductors per Electrical Duct) Based on Ambient Earth
Temperature of 20�C (68�F), Electrical Duct Arrangement perTemperature of 20�C (68�F), Electrical Duct Arrangement per

Figure 310.60, 100 Percent Load Factor, Thermal Resistance Figure 310.60, 100 Percent Load Factor, Thermal Resistance
(RHO) of 90, Conductor Temperatures of 90�C (194�F) and(RHO) of 90, Conductor Temperatures of 90�C (194�F) and

105�C (221�F) 105�C (221�F)

Temperature Rating of Conductor (See Table 310.61.)Temperature Rating of Conductor (See Table 310.61.)

2001–5000 Volts 5001–35,000 Volts 2001–5000 Volts 5001–35,000 Volts
Ampacity AmpacityAmpacity Ampacity

105�C 105�C 105�C 105�C
Conductor (221�F) (221�F)Conductor (221�F) (221�F)

Size (AWG 90�C (194�F) Type 90�C (194�F) Type Size (AWG 90�C (194�F) Type 90�C (194�F) Type
or kcmil) Type MV-90 MV-105 Type MV-90 MV-105or kcmil) Type MV-90 MV-105 Type MV-90 MV-105

One Circuit (See Figure One Circuit (See Figure
310.60, Detail 1.)310.60, Detail 1.)

8 64 69 — — 8 50 54 — —
6 66 71 70 756 85 92 90 97

4 110 120 115 125 4 86 93 91 98
2 115 125 120 1302 145 155 155 165

1 170 180 175 185 1 130 140 135 145

1/0 150 160 155 1651/0 195 210 200 215
2/0 220 235 230 245 2/0 170 185 175 190

3/0 195 210 200 2153/0 250 270 260 275
4/0 290 310 295 315 4/0 225 245 230 245

250 250 270 250 270250 320 345 325 345
350 385 415 390 415 350 305 325 305 330

500 370 400 370 400500 470 505 465 500
750 585 630 565 610 750 470 505 455 490

1000 545 590 525 5651000 670 720 640 690

Three Circuits (See Figure Three Circuits (See Figure
310.60, Detail 2.)310.60, Detail 2.)

8 56 60 — — 8 44 47 — —
6 57 61 60 656 73 79 77 83

4 95 100 99 105 4 74 80 77 83
2 96 105 100 1052 125 130 130 135

1 140 150 145 155 1 110 120 110 120

1/0 125 135 125 1401/0 160 175 165 175
2/0 185 195 185 200 2/0 145 155 145 155

3/0 160 175 165 1753/0 210 225 210 225
4/0 235 255 240 255 4/0 185 200 185 200

250 205 220 200 220250 260 280 260 280
350 315 335 310 330 350 245 265 245 260

500 295 320 290 315500 375 405 370 395
750 460 495 440 475 750 370 395 355 385

1000 425 460 405 4401000 525 565 495 535

Six Circuits (See Figure Six Circuits (See Figure
310.60, Detail 3.)310.60, Detail 3.)

8 48 52 — — 8 38 41 — —
6 48 52 50 546 62 67 64 68

4 80 86 82 88 4 62 67 64 69
2 80 86 80 882 105 110 105 115

1 115 125 120 125 1 91 98 90 99

1/0 105 110 105 1101/0 135 145 135 145
2/0 150 160 150 165 2/0 115 125 115 125

3/0 135 145 130 1453/0 170 185 170 185
4/0 195 210 190 205 4/0 150 165 150 160

250 165 180 165 175250 210 225 210 225
350 250 270 245 265 350 195 210 195 210

500 240 255 230 250500 300 325 290 310
750 365 395 350 375 750 290 315 280 305

1000 335 360 320 3451000 410 445 390 415
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310.60 Article 310 — Conductors for General Wiring

Table 310.79 Ampacities of Three Insulated Copper Table 310.80 Ampacities of Three Insulated Aluminum
Conductors Cabled Within an Overall Covering (Three-Conductors Cabled Within an Overall Covering (Three-

Conductor Cable) in Underground Electrical Ducts (One Cable Conductor Cable) in Underground Electrical Ducts (One Cable
per Electrical Duct) Based on Ambient Earth Temperature ofper Electrical Duct) Based on Ambient Earth Temperature of

20�C (68�F), Electrical Duct Arrangement per Figure 310.60, 20�C (68�F), Electrical Duct Arrangement per Figure 310.60,
100 Percent Load Factor, Thermal Resistance (RHO) of 90,100 Percent Load Factor, Thermal Resistance (RHO) of 90,

Conductor Temperatures of 90�C (194�F) and 105�C (221�C) Conductor Temperatures of 90�C (194�F) and 105�C (221�C)

Temperature Rating of Conductor (See Table 310.61.)Temperature Rating of Conductor (See Table 310.61.)

2001–5000 Volts 5001–35,000 Volts 2001–5000 Volts 5001–35,000 Volts
Ampacity AmpacityAmpacity Ampacity

105�C 105�C 105�C 105�C
Conductor (221�F) (221�F)Conductor (221�F) (221�F)

Size (AWG 90�C (194�F) Type 90�C (194�F) Type Size (AWG 90�C (194�F) Type 90�C (194�F) Type
or kcmil) Type MV-90 MV-105 Type MV-90 MV-105or kcmil) Type MV-90 MV-105 Type MV-90 MV-105

One Circuit (See Figure One Circuit (See Figure
310.60, Detail 1.)310.60, Detail 1.)

8 59 64 — — 8 46 50 — —
6 61 66 69 746 78 84 88 95

4 100 110 115 125 4 80 86 89 96
2 105 110 115 1252 135 145 150 160

1 155 165 170 185 1 120 130 135 145

1/0 140 150 150 1651/0 175 190 195 210
2/0 200 220 220 235 2/0 160 170 170 185

3/0 180 195 195 2103/0 230 250 250 270
4/0 265 285 285 305 4/0 205 220 220 240

250 230 245 245 265250 290 315 310 335
350 355 380 375 400 350 280 310 295 315

500 340 365 355 385500 430 460 450 485
750 530 570 545 585 750 425 460 440 475

1000 495 535 510 5451000 600 645 615 660

Three Circuits (See Figure Three Circuits (See Figure
310.60, Detail 2.)310.60, Detail 2.)

8 53 57 — — 8 41 44 — —
6 54 58 59 646 69 74 75 81

4 89 96 97 105 4 70 75 75 81
2 90 97 100 1052 115 125 125 135

1 135 145 140 155 1 105 110 110 120

1/0 120 125 125 1351/0 150 165 160 175
2/0 170 185 185 195 2/0 135 145 140 155

3/0 155 165 160 1753/0 195 210 205 220
4/0 225 240 230 250 4/0 175 185 180 195

250 190 205 200 215250 245 265 255 270
350 295 315 305 325 350 230 250 240 255

500 280 300 285 305500 355 380 360 385
750 430 465 430 465 750 345 375 350 375

1000 400 430 400 4301000 485 520 485 515

Six Circuits (See Figure Six Circuits (See Figure
310.60, Detail 3.)310.60, Detail 3.)

8 46 50 — — 8 36 39 — —
6 46 50 49 536 60 65 63 68

4 77 83 81 87 4 60 65 63 68
2 77 83 80 862 98 105 105 110

1 110 120 115 125 1 87 94 90 98

1/0 99 105 105 1101/0 125 135 130 145
2/0 145 155 150 160 2/0 110 120 115 125

3/0 130 140 130 1403/0 165 175 170 180
4/0 185 200 190 200 4/0 145 155 150 160

250 160 170 160 170250 200 220 205 220
350 240 270 245 275 350 190 205 190 205

500 230 245 230 245500 290 310 290 305
750 350 375 340 365 750 280 305 275 295

1000 320 345 315 3351000 390 420 380 405
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310.60Article 310 — Conductors for General Wiring

Table 310.81 Ampacities of Single Insulated Copper Table 310.82 Ampacities of Single Insulated Aluminum
Conductors Directly Buried in Earth Based on Ambient EarthConductors Directly Buried in Earth Based on Ambient Earth

Temperature of 20�C (68�F), Arrangement per Figure 310.60, Temperature of 20�C (68�F), Arrangement per Figure 310.60,
100 Percent Load Factor, Thermal Resistance (RHO) of 90,100 Percent Load Factor, Thermal Resistance (RHO) of 90,

Conductor Temperatures of 90�C (194�F) and 105�C (221�C) Conductor Temperatures of 90�C (194�F) and 105�C (221�F)

Temperature Rating of Conductor (See Table 310.61)Temperature Rating of Conductor (See Table 310.61.)

2001–5000 Volts 5001–35,000 Volts 2001–5000 Volts 5001–35,000 Volts
Ampacity AmpacityAmpacity Ampacity

105�C 105�C 105�C 105�C
Conductor (221�F) (221�F)Conductor (221�F) (221�F)

Size (AWG 90�C (194�F) Type 90�C (194�F) Type Size (AWG 90�C (194�F) Type 90�C (194�F) Type
or kcmil) Type MV-90 MV-105 Type MV-90 MV-105or kcmil) Type MV-90 MV-105 Type MV-90 MV-105

One Circuit, Three One Circuit, Three
Conductors (See FigureConductors (See Figure

310.60, Detail 9.) 310.60, Detail 9.)

8 85 90 — —8 110 115 — —
6 140 150 130 140 6 110 115 100 110

4 140 150 130 1404 180 195 170 180
2 230 250 210 225 2 180 195 165 175

1 205 220 185 2001 260 280 240 260

1/0 295 320 275 295 1/0 230 250 215 230
2/0 265 285 245 2602/0 335 365 310 335

3/0 385 415 355 380 3/0 300 320 275 295
4/0 340 365 315 3404/0 435 465 405 435

250 470 510 440 475 250 370 395 345 370
350 445 480 415 450350 570 615 535 575

500 690 745 650 700 500 540 580 510 545
750 665 720 635 680750 845 910 805 865

1000 980 1055 930 1005 1000 780 840 740 795

Two Circuits, SixTwo Circuits, Six
Conductors (See Figure Conductors (See Figure

310.60, Detail 10.)310.60, Detail 10.)

8 100 110 — — 8 80 85 — —
6 100 110 95 1006 130 140 120 130

4 165 180 160 170 4 130 140 125 130
2 165 180 155 1652 215 230 195 210

1 240 260 225 240 1 190 200 175 190

1/0 215 230 200 2151/0 275 295 255 275
2/0 310 335 290 315 2/0 245 260 225 245

3/0 275 295 255 2753/0 355 380 330 355
4/0 400 430 375 405 4/0 310 335 290 315

250 340 365 320 345250 435 470 410 440
350 520 560 495 530 350 410 440 385 415

500 495 530 470 505500 630 680 600 645
750 775 835 740 795 750 610 655 580 625

1000 710 765 680 7301000 890 960 855 920
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310.60 Article 310 — Conductors for General Wiring

Table 310.83 Ampacities of Three Insulated Copper Table 310.84 Ampacities of Three Insulated Aluminum
Conductors Cabled Within an Overall Covering (Three-Conductors Cabled Within an Overall Covering (Three-

Conductor Cable), Directly Buried in Earth Based on Ambient Conductor Cable), Directly Buried in Earth Based on Ambient
Earth Temperature of 20�C (68�F), Arrangement per FigureEarth Temperature of 20�C (68�F), Arrangement per Figure

310.60, 100 Percent Load Factor, Thermal Resistance (RHO) 310.60, 100 Percent Load Factor, Thermal Resistance (RHO)
of 90, Conductor Temperatures of 90�C (194�F) and 105�Cof 90, Conductor Temperatures of 90�C (194�F) and 105�C

(221�F) (221�F)

Temperature Rating of Conductor (See Table 310.61.)Temperature Rating of Conductor (See Table 310.61.)

2001–5000 Volts 5001–35,000 Volts 2001–5000 Volts 5001–35,000 Volts
Ampacity AmpacityAmpacity Ampacity

105�C 105�C 105�C 105�C
Conductor (221�F) (221�F)Conductor (221�F) (221�F)

Size (AWG 90�C (194�F) Type 90�C (194�F) Type Size (AWG 90�C (194�F) Type 90�C (194�F) Type
or kcmil) Type MV-90 MV-105 Type MV-90 MV-105or kcmil) Type MV-90 MV-105 Type MV-90 MV-105

One Circuit (See Figure One Circuit (See Figure
310.60, Detail 5.)310.60, Detail 5.)

8 85 89 — — 8 65 70 — —
6 80 88 90 956 105 115 115 120

4 135 150 145 155 4 105 115 115 125
2 140 150 145 1552 180 190 185 200

1 200 215 210 225 1 155 170 165 175

1/0 180 190 185 2001/0 230 245 240 255
2/0 260 280 270 290 2/0 205 220 210 225

3/0 230 250 240 2603/0 295 320 305 330
4/0 335 360 350 375 4/0 260 280 270 295

250 285 310 300 320250 365 395 380 410
350 440 475 460 495 350 345 375 360 390

500 420 450 435 470500 530 570 550 590
750 650 700 665 720 750 520 560 540 580

1000 600 650 620 6651000 730 785 750 810

Two Circuits (See Figure Two Circuits (See Figure
310.60, Detail 6.)310.60, Detail 6.)

8 80 84 — — 8 60 66 — —
6 75 83 80 956 100 105 105 115

4 130 140 135 145 4 100 110 105 115
2 130 140 135 1452 165 180 170 185

1 185 200 195 210 1 145 155 150 165

1/0 165 180 170 1851/0 215 230 220 235
2/0 240 260 250 270 2/0 190 205 195 210

3/0 215 230 220 2403/0 275 295 280 305
4/0 310 335 320 345 4/0 245 260 250 270

250 265 285 275 295250 340 365 350 375
350 410 440 420 450 350 320 345 330 355

500 385 415 395 425500 490 525 500 535
750 595 640 605 650 750 480 515 485 525

1000 550 590 560 6001000 665 715 675 730
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310.60Article 310 — Conductors for General Wiring

Table 310.86 Ampacities of Three Triplexed Single InsulatedTable 310.85 Ampacities of Three Triplexed Single Insulated
Aluminum Conductors Directly Buried in Earth Based onCopper Conductors Directly Buried in Earth Based on
Ambient Earth Temperature of 20�C (68�F), Arrangement perAmbient Earth Temperature of 20�C (68�F), Arrangement per
Figure 310.60, 100 Percent Load Factor, Thermal ResistanceFigure 310.60, 100 Percent Load Factor, Thermal Resistance
(RHO) of 90, Conductor Temperatures 90�C (194�F) and 105�C(RHO) of 90, Conductor Temperatures 90�C (194�F) and 105�C
(221�F)(221�F)

Temperature Rating of Conductor (See Table 310.61.)Temperature Rating of Conductor (See Table 310.61.)

2001–5000 Volts 5001–35,000 Volts2001–5000 Volts 5001–35,000 Volts
Ampacity AmpacityAmpacity Ampacity

105�C 105�C105�C 105�C
Conductor (221�F) (221�F)Conductor (221�F) (221�F)
Size (AWG 90�C (194�F) Type 90�C (194�F) TypeSize (AWG 90�C (194�F) Type 90�C (194�F) Type
or kcmil) Type MV-90 MV-105 Type MV-90 MV-105or kcmil) Type MV-90 MV-105 Type MV-90 MV-105

One Circuit, ThreeOne Circuit, Three
Conductors (See FigureConductors (See Figure
310.60, Detail 7.)310.60, Detail 7.)

8 70 75 — —8 90 95 — —
6 90 100 90 956 120 130 115 120
4 120 130 115 1254 150 165 150 160
2 155 165 145 1552 195 205 190 205
1 175 190 165 1751 225 240 215 230

1/0 200 210 190 2051/0 255 270 245 260
2/0 225 240 215 2302/0 290 310 275 295
3/0 255 275 245 2653/0 330 360 315 340
4/0 290 310 280 3054/0 375 405 360 385

250 320 350 305 325250 410 445 390 410
350 385 420 370 400350 490 580 470 505
500 465 500 445 480500 590 635 565 605
750 580 625 550 590750 725 780 685 740

1000 670 725 635 6801000 825 885 770 830

Two Circuits, SixTwo Circuits, Six
Conductors (See FigureConductors (See Figure
310.60, Detail 8.)310.60, Detail 8.)

8 65 70 — —8 85 90 — —
6 85 95 85 906 110 115 105 115
4 110 120 105 1154 140 150 140 150
2 140 150 135 1452 180 195 175 190
1 160 170 155 1701 205 220 200 215

1/0 180 195 175 1901/0 235 250 225 240
2/0 205 220 200 2152/0 265 285 255 275
3/0 235 250 225 2453/0 300 320 290 315
4/0 265 285 255 2754/0 340 365 325 350

250 290 310 280 300250 370 395 355 380
350 350 375 335 360350 445 480 425 455
500 420 455 405 435500 535 575 510 545
750 520 560 485 525750 650 700 615 660

1000 600 645 565 6051000 740 795 690 745
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312.1 Article 312 — Cabinets, Cutout Boxes, and Meter Socket Enclosures

312.1 ScopeARTICLE 312
This article covers the installation and construction specifica-Cabinets, Cutout Boxes, and Meter
tions of cabinets, cutout boxes, and meter socket enclosures.

Socket Enclosures
See the definitions of cabinet and cutout box in Article 100.
Cabinets and cutout boxes are designed with a swingingSummary of Changes
door(s) to enclose potential transformers, current transform-• 312.2(A): For enclosures installed in wet locations, re-
ers, switches, overcurrent devices, meters, or control equip-vised to require any cable or raceway that enters on the
ment. Some cabinets for circuit breaker panelboards or loadtop or on the side above the level of uninsulated live parts
centers may not have doors, as permitted by 240.30(A)(2).in the enclosure be provided with fittings listed for wet
Cabinets and cutout boxes are required to be of sufficientlocations.
size to accommodate all devices and conductors without

• 312.4: Added requirement that repairs be made to broken overcrowding or jamming. This condition can be prevented
or incomplete openings in plaster, drywall, or plasterboard by the use of auxiliary gutters (Article 366).
surfaces of flush-mounted cabinets, including panelboard The serving electric utility often has equipment specifi-
cabinets cations or service requirements beyond the Code for meter

• 312.5(B): Added messenger supported wiring as a wiring sockets, metering cabinets, and metering compartments
method covered by this requirement. within switchgear, switchboards, and panelboards. Con-

sulting with the local electric utility on these requirements
will help identify suitable equipment for an installation.
One organization, the Electric Utility Service EquipmentContents
Requirements Committee (EUSERC), promotes uniform

312.1 Scope electric utility metering service requirements for these enclo-
I. Installation sures that meet the requirements of the Code and the serving

312.2 Damp, Wet, or Hazardous (Classified) utility. Many electric equipment manufacturers identify their
Locations equipment as meeting the EUSERC metering space require-

(A) Damp and Wet Locations ments.
(B) Hazardous (Classified) Locations

312.3 Position in Wall
312.4 Repairing Plaster and Drywall or Plasterboard I. Installation
312.5 Cabinets, Cutout Boxes, and Meter Socket

312.2 Damp, Wet, or HazardousEnclosures
(Classified) Locations(A) Openings to Be Closed
(A) Damp and Wet Locations In damp or wet locations,(B) Metal Cabinets, Cutout Boxes, and Meter
surface-type enclosures within the scope of this article shallSocket Enclosures
be placed or equipped so as to prevent moisture or water(C) Cables
from entering and accumulating within the cabinet or cutout312.6 Deflection of Conductors
box, and shall be mounted so there is at least 6-mm(A) Width of Wiring Gutters
(1⁄4-in.) airspace between the enclosure and the wall or other(B) Wire-Bending Space at Terminals
supporting surface. Enclosures installed in wet locations(C) Conductors 4 AWG or Larger
shall be weatherproof. For enclosures in wet locations, race-312.7 Space in Enclosures
ways or cables entering above the level of uninsulated live312.8 Enclosures for Switches or Overcurrent Devices
parts shall use fittings listed for wet locations.312.9 Side or Back Wiring Spaces or Gutters

II. Construction Specifications
312.10 Material The last sentence was added for the 2005 Code to point out

(A) Metal Cabinets and Cutout Boxes the need for watertight connections in areas where the wiring
(B) Strength could lead water directly into uninsulated live parts.
(C) Nonmetallic Cabinets

312.11 Spacing
(A) General Exception: Nonmetallic enclosures shall be permitted to be
(B) Switch Clearance installed without the airspace on a concrete, masonry, tile,
(C) Wiring Space or similar surface.
(D) Wiring Space — Enclosure

FPN: For protection against corrosion, see 300.6.
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312.6Article 312 — Cabinets, Cutout Boxes, and Meter Socket Enclosures

to be used with only one cable per clamp or connector,(B) Hazardous (Classified) Locations Installations in
hazardous (classified) locations shall conform to Articles unless the clamp or connector is identified for more than a

single cable.500 through 517.

312.3 Position in Wall Exception: Cables with entirely nonmetallic sheaths shall
be permitted to enter the top of a surface-mounted enclosureIn walls of concrete, tile, or other noncombustible material,
through one or more nonflexible raceways not less than 450cabinets shall be installed so that the front edge of the cabinet
mm (18 in.) and not more than 3.0 m (10 ft) in length,is not set back of the finished surface more than 6 mm
provided all of the following conditions are met:(1⁄4 in.). In walls constructed of wood or other combustible

material, cabinets shall be flush with the finished surface or (a) Each cable is fastened within 300 mm (12 in.),
project therefrom. measured along the sheath, of the outer end of the raceway.

(b) The raceway extends directly above the enclosure
312.4 Repairing Plaster and Drywall and does not penetrate a structural ceiling.
or Plasterboard

(c) A fitting is provided on each end of the raceway to
Plaster, drywall, or plasterboard surfaces that are broken or protect the cable(s) from abrasion and the fittings remain
incomplete shall be repaired so there will be no gaps or accessible after installation.
open spaces greater than 3 mm (1⁄8 in.) at the edge of the

(d) The raceway is sealed or plugged at the outer end
cabinet or cutout box employing a flush-type cover.

using approved means so as to prevent access to the enclo-
sure through the raceway.

Section 312.4 was added for the 2005 Code out of the need
(e) The cable sheath is continuous through the raceway

for requirements for cabinets and cutout boxes similar to
and extends into the enclosure beyond the fitting not less

the requirements found in 314.21.
than 6 mm (1⁄4 in.).

(f) The raceway is fastened at its outer end and at other
points in accordance with the applicable article.312.5 Cabinets, Cutout Boxes, and Meter

Socket Enclosures (g) Where installed as conduit or tubing, the allowable
cable fill does not exceed that permitted for complete conduitConductors entering enclosures within the scope of this arti-
or tubing systems by Table 1 of Chapter 9 of this Code andcle shall be protected from abrasion and shall comply with
all applicable notes thereto.312.5(A) through (C).

(A) Openings to Be Closed Openings through which con-
This exception allows multiple nonmetallic cables such asductors enter shall be adequately closed.
Type NM, NMC, NMS, UF, SE, and USE to enter the top of

(B) Metal Cabinets, Cutout Boxes, and Meter Socket a surface-mounted enclosure through a nonflexible raceway
Enclosures Where metal enclosures within the scope of this sleeve or nipple. These sleeves or nipples are permitted to
article are installed with messenger supported wiring, open be between 18 in. and 10 ft in length. However, if the nipple
wiring on insulators, or concealed knob-and-tube wiring, length exceeds 24 in., the ampacity adjustment factors of
conductors shall enter through insulating bushings or, in dry 310.15(B)(2) apply.
locations, through flexible tubing extending from the last
insulating support and firmly secured to the enclosure.

FPN: See Table 1 in Chapter 9, including Note 9, for
allowable cable fill in circular raceways. See
310.15(B)(2)(a) for required ampacity reductions forEditorial corrections were made for the 2005 Code to specifi-
multiple cables installed in a common raceway.cally address the terms messenger-supported wiring and

open wiring on insulators replacing the general term open
312.6 Deflection of Conductorswiring.
Conductors at terminals or conductors entering or leaving
cabinets or cutout boxes and the like shall comply with

(C) Cables Where cable is used, each cable shall be secured 312.6(A) through (C).
to the cabinet, cutout box, or meter socket enclosure.

Exception: Wire-bending space in enclosures for motor con-
trollers with provisions for one or two wires per terminal

The main rule of 312.5(C) prohibits the installation of several shall comply with 430.10(B).
cables bunched together and run through a knockout or chase

(A) Width of Wiring Gutters Conductors shall not be de-nipple. Individual cable clamps or connectors are required
flected within a cabinet or cutout box unless a gutter having
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312.6 Article 312 — Cabinets, Cutout Boxes, and Meter Socket Enclosures

(a) Directed toward the opening in the enclosure anda width in accordance with Table 312.6(A) is provided.
Conductors in parallel in accordance with 310.4 shall be within a 45 degree angle of directly facing the enclosure wall
judged on the basis of the number of conductors in parallel. (b) Directly facing the enclosure wall and offset not

greater than 50 percent of the bending space specified in(B) Wire-Bending Space at Terminals Wire-bending
Table 312.6(A)space at each terminal shall be provided in accordance with

312.6(B)(1) or (B)(2). FPN: Offset is the distance measured along the enclosure
wall from the axis of the centerline of the terminal to a

(1) Conductors Not Entering or Leaving Opposite Wall line passing through the center of the opening in the
Table 312.6(A) shall apply where the conductor does not enclosure.
enter or leave the enclosure through the wall opposite its

Section 312.6(B)(2) and Table 312.6(B) provide the require-terminal.
ments for wire-bending space where straight-in wiring or

(2) Conductors Entering or Leaving Opposite Wall offset (double bends) is employed at terminals. Section
Table 312.6(B) shall apply where the conductor does enter 312.6(B)(1) applies only to 90 degree bends.
or leave the enclosure through the wall opposite its terminal. The notes to Table 312.6(B) permit a reduction in re-

quired bending space for removable and lay-in wire termi-
Exception No. 1: Where the distance between the wall and

nals. The removable terminal wire connectors can be either
its terminal is in accordance with Table 312.6(A), a conduc-

compression type or setscrew type. However, connectors are
tor shall be permitted to enter or leave an enclosure through

required to be of the type intended for a single conductor
the wall opposite its terminal, provided the conductor enters

(single barrel). Removable connectors designed for multiple
or leaves the enclosure where the gutter joins an adjacent

wires are not permitted to have a reduction in bending space.
gutter that has a width that conforms to Table 312.6(B) for

To facilitate wiring, a terminal may be placed on the
the conductor.

stripped end of the conductor, which has been cut to the
Exception No. 2: A conductor not larger than 350 kcmil proper length. The terminal is crimped or lightly torqued on
shall be permitted to enter or leave an enclosure containing the wire as intended. The wire is bent and routed to facilitate
only a meter socket(s) through the wall opposite its terminal, mounting onto the stud or landing pad for proper connection.
provided the distance between the terminal and the opposite All mechanical screws, bolts, and nuts involved should then
wall is not less than that specified in Table 312.6(A) and be torqued to the proper value. See the commentary follow-
the terminal is a lay-in type, where the terminal is either of ing the fine print note to 110.14 regarding tightening torques.
the following:

Table 312.6(A) Minimum Wire-Bending Space at Terminals and Minimum Width of Wiring Gutters

Wires per Terminal

1 2 3 4 5
Wire Size (AWG or

kcmil) mm in. mm in. mm in. mm in. mm in.

14–10 Not specified — — — — — — — —
8–6 38.1 11⁄2 — — — — — — — —
4–3 50.8 2 — — — — — — — —
2 63.5 21⁄2 — — — — — — — —
1 76.2 3 — — — — — — — —

1/0–2/0 88.9 31⁄2 127 5 178 7 — — — —
3/0–4/0 102 4 152 6 203 8 — — — —

250 114 41⁄2 152 6 203 8 254 10 — —
300–350 127 5 203 8 254 10 305 12 — —
400–500 152 6 203 8 254 10 305 12 356 14
600–700 203 8 254 10 305 12 356 14 406 16
750–900 203 8 305 12 356 14 406 16 457 18

1000–1250 254 10 — — — — — — — —
1500–2000 305 12 — — — — — — — —

Note: Bending space at terminals shall be measured in a straight line from the end of the lug or wire connector (in
the direction that the wire leaves the terminal) to the wall, barrier, or obstruction.
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312.6Article 312 — Cabinets, Cutout Boxes, and Meter Socket Enclosures

Table 312.6(B) Minimum Wire-Bending Space at Terminals

Wires per Terminal

Wire Size (AWG or kcmil) 1 2 3 4 or More

Compact
Stranded
AA-8000

Aluminum
Alloy

All Other Conductors
Conductors (See Note 3.) mm in. mm in. mm in. mm in.

14–10 12–8 Not specified — — — — —
8 6 38.1 11⁄2 — — — — —
6 4 50.8 2 — — — — —
4 2 76.2 3 — — — — —
3 1 76.2 3 — — — — —
2 1/0 88.9 31⁄2 — — — — —
1 2/0 114 41⁄2 — — — — —

1/0 3/0 140 51⁄2 140 51⁄2 178 7 — —
2/0 4/0 152 6 152 6 190 71⁄2 — —
3/0 250 165a 61⁄2a 165a 61⁄2a 203 8 — —
4/0 300 178b 7b 190c 71⁄2c 216a 81⁄2a — —

250 350 216d 81⁄2d 229d 81⁄2d 254b 9b 254 10
300 400 254e 10e 254d 10d 279b 11b 305 12
350 500 305e 12e 305e 12e 330e 13e 356d 14d

400 600 330e 13e 330e 13e 356e 14e 381e 15e

500 700–750 356e 14e 356e 14e 381e 15e 406e 16e

600 800–900 381e 15e 406e 16e 457e 18e 483e 19e

700 1000 406e 16e 457e 18e 508e 20e 559e 22e

750 — 432e 17e 483e 19e 559e 22e 610e 24e

800 — 457 18 508 20 559 22 610 24
900 — 483 19 559 22 610 24 610 24

1000 — 508 20 — — — —
1250 — 559 22 — — — —
1500 — 610 24 — — — —
1750 — 610 24 — — — —
2000 — 610 24 — — — —

1. Bending space at terminals shall be measured in a straight line from the end of the lug or wire connector in a
direction perpendicular to the enclosure wall.
2. For removable and lay-in wire terminals intended for only one wire, bending space shall be permitted to be
reduced by the following number of millimeters (inches):
a 12.7 mm (1⁄2 in.)
b 25.4 mm (1 in.)
c 38.1 mm (11⁄2 in.)
d 50.8 mm (2 in.)
e 76.2 mm (3 in.)
3. This column shall be permitted to determine the required wire-bending space for compact stranded aluminum
conductors in sizes up to 1000 kcmil and manufactured using AA-8000 series electrical grade aluminum alloy
conductor material in accordance with 310.14.

which part of the connector is removable or swings awayNote that in accordance with the notes to Table 312.6(A)
and Table 312.6(B), when Table 312.6(A) is used, bending so that the stripped end of the conductor can be laid into

the fixed portion of the connector. The removable or swing-space is measured in the direction in which the wire leaves
the terminal, and when Table 312.6(B) is used, it is measured away portion is then put back in place and the connector

tightened down on the conductor.in a direction perpendicular to the enclosure wall.
A lay-in-type terminal is a pressure wire connector in In conjunction with the following list, Exhibit 312.1
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312.7 Article 312 — Cabinets, Cutout Boxes, and Meter Socket Enclosures

shows the application of the rules of 312.6(B)(1), Exhibit 312.2 illustrates the conditions under which
312.6(B)(2), Table 312.6(A), and Table 312.6(B) to the wir- 312.6(B)(2), Exception No. 2, is applicable. The terminal
ing for a lay-in-type terminal. on the left has an offset not greater than 50 percent of

bending space, per condition (b) of Exception No. 2. TheT1, 312.6(B)(2): Table 312.6(B) applies for conductors
terminal on the right is within a 45 degree angle of theM.
enclosure, per condition (a) of Exception No. 2. See also

T2, 312.6(B)(2): Table 312.6(B) applies for conductors Exhibit 430.1, which shows an example of wire-bending
BR2 unless Exception No. 2 of 312.6(B)(2) applies. This space in enclosures for motor controllers.
exception allows Table 312.6(A) to apply to T2 as long
as BR2 enters or leaves the enclosure where gutter G2

joins gutter G1, and gutter G1 has a width conforming
to Table 312.6(B) for BR2.

T3, 312.6(B)(2): Table 312.6(B) applies for conductors
BR3.

T4, 312.6(B)(1): Table 312.6(A) applies for conductor N.

G1, 312.6(A): Table 312.6(A) applies for conductors M.
Table 312.6(B) applies for conductors BR2 where T2 does
not comply with Table 312.6(B).

G2,312.6(A): Table312.6(A)applies for conductorsBR2.

G3, 312.6(A): Table 312.6(A) applies for conductors
BR3.

G4, 312.6(A): Table 312.6(A) applies for conductor N.

Meter
socket

Lay-in
terminals

Enclosure
wall

Meter
socket

CL CL CLCL

Lay-in
terminals

350 kcmil
or less

A

A—
2

Offset not over 50%
of bending space

Maximum 45°

Exhibit 312.2 Conditions under which 312.6(B)(2), Exception
No. 2, is applicable.

(C) Conductors 4 AWG or Larger Installation shall com-
ply with 300.4(F).

312.7 Space in Enclosures
Cabinets and cutout boxes shall have sufficient space to
accommodate all conductors installed in them without
crowding.

312.8 Enclosures for Switches or
Overcurrent Devices
Enclosures for switches or overcurrent devices shall not be
used as junction boxes, auxiliary gutters, or raceways for
conductors feeding through or tapping off to other switches
or overcurrent devices, unless adequate space for this pur-
pose is provided. The conductors shall not fill the wiring

Neutral

BR3

M
N

BR2

T2
G2

T3

G3

T1

T4G4

G1

space at any cross section to more than 40 percent of the
cross-sectional area of the space, and the conductors, splices,

Exhibit 312.1 Wiring for a lay-in-type terminal to which the list
and taps shall not fill the wiring space at any cross sectionof rules in the commentary following 312.6(B)(2), Exception No.
to more than 75 percent of the cross-sectional area of that2 applies.
space.
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312.11Article 312 — Cabinets, Cutout Boxes, and Meter Socket Enclosures

(A) General Spacing within cabinets and cutout boxesMost enclosures are intended to accommodate only those
shall be sufficient to provide ample room for the distributionconductors that will be connected to terminals for switches
of wires and cables placed in them and for a separationor overcurrent devices within the enclosures themselves.
between metal parts of devices and apparatus mountedWhere adequate space is provided for additional conductors,
within them as follows.such as control circuits, the total conductor fill in the enclo-

sure may not exceed 40 percent of the cross section of the (1) Base Other than at points of support, there shall be an
wiring space in the enclosure and no more than 75 percent airspace of at least 1.59 mm (0.0625 in.) between the base
if splices or taps are necessary. of the device and the wall of any metal cabinet or cutout

box in which the device is mounted.
Example

(2) Doors There shall be an airspace of at least 25.4 mmIf an enclosure has a wiring space of 4 in. wide by 3 in.
(1.00 in.) between any live metal part, including live metaldeep, the cross-sectional area is 12 in.2 Thus, the total con-
parts of enclosed fuses, and the door.ductor fill (see Chapter 9, Table 5 for dimensions of conduc-

tors) at any cross section cannot exceed 4.8 in.2 (40 percent Exception: Where the door is lined with an approved insu-
of 12 in.2), and the maximum space for conductors and lating material or is of a thickness of metal not less than
splices or taps at any cross section cannot exceed 9 in.2 (75 2.36 mm (0.093 in.) uncoated, the airspace shall not be less
percent of 12 in.2). than 12.7 mm (0.500 in.).

In general, the best way to avoid overcrowding enclo-
(3) Live Parts There shall be an airspace of at least 12.7sures is to use properly sized auxiliary gutters (366.22,
mm (0.500 in.) between the walls, back, gutter partition, if366.56, and 366.58) or junction boxes (314.16 and 314.28).
of metal, or door of any cabinet or cutout box and the nearestSee 430.10 and commentary for wiring space in enclosures
exposed current-carrying part of devices mounted within thefor motor controllers and disconnecting means. See also
cabinet where the voltage does not exceed 250. This spacing110.59 for tunnel installations over 600 volts.
shall be increased to at least 25.4 mm (1.00 in.) for voltages
of 251 to 600, nominal.

312.9 Side or Back Wiring Spaces or Gutters
Exception: Where the conditions in 312.11(A)(2), Excep-

Cabinets and cutout boxes shall be provided with back- tion, are met, the airspace for nominal voltages from 251
wiring spaces, gutters, or wiring compartments as required to 600 shall be permitted to be not less than 12.7 mm (0.500
by 312.11(C) and (D). in.).

(B) Switch Clearance Cabinets and cutout boxes shall beII. Construction Specifications
deep enough to allow the closing of the doors when 30-

312.10 Material
ampere branch-circuit panelboard switches are in any posi-

Cabinets, cutout boxes, and meter socket enclosures shall tion, when combination cutout switches are in any position,
comply with 312.10(A) through (C). or when other single-throw switches are opened as far as

their construction permits.(A) Metal Cabinets and Cutout Boxes Metal enclosures
within the scope of this article shall be protected both inside (C) Wiring Space Cabinets and cutout boxes that contain
and outside against corrosion. devices or apparatus connected within the cabinet or box to

more than eight conductors, including those of branch cir-FPN: For information on protection against corrosion,
see 300.6. cuits, meter loops, feeder circuits, power circuits, and similar

circuits, but not including the supply circuit or a continuation(B) Strength The design and construction of enclosures
thereof, shall have back-wiring spaces or one or more side-within the scope of this article shall be such as to secure
wiring spaces, side gutters, or wiring compartments.ample strength and rigidity. If constructed of sheet steel, the

metal thickness shall not be less than 1.35 mm (0.053 in.) (D) Wiring Space — Enclosure Side-wiring spaces, side
uncoated. gutters, or side-wiring compartments of cabinets and cutout

boxes shall be made tight enclosures by means of covers,(C) Nonmetallic Cabinets Nonmetallic cabinets shall be
barriers, or partitions extending from the bases of the deviceslisted, or they shall be submitted for approval prior to instal-
contained in the cabinet, to the door, frame, or sides of thelation.
cabinet.

312.11 Spacing Exception: Side-wiring spaces, side gutters, and side-wiring
compartments of cabinets shall not be required to be madeThe spacing within cabinets and cutout boxes shall comply

with 312.11(A) through (D). tight enclosures where those side spaces contain only
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312.11 Article 314 — Outlet, Device, Pull, and Junction Boxes; Conduit Bodies; Fittings; and Handhole Enclosures

conductors that enter the cabinet directly opposite to the
314.3 Nonmetallic Boxesdevices where they terminate.
314.4 Metal Boxes
314.5 Short-Radius Conduit BodiesPartially enclosed back-wiring spaces shall be provided

II. Installationwith covers to complete the enclosure. Wiring spaces that
314.15 Damp, Wet, or Hazardous (Classified)are required by 312.11(C) and are exposed when doors are

Locationsopen shall be provided with covers to complete the enclosure.
(A) Damp or Wet LocationsWhere adequate space is provided for feed-through conduc-
(B) Hazardous (Classified) Locationstors and for splices as required in 312.8, additional barriers

314.16 Number of Conductors in Outlet, Device, andshall not be required.
Junction Boxes, and Conduit Bodies

(A) Box Volume Calculations
(B) Box Fill CalculationsARTICLE 314
(C) Conduit BodiesOutlet, Device, Pull, and Junction 314.17 Conductors Entering Boxes, Conduit Bodies, or

FittingsBoxes; Conduit Bodies; Fittings;
(A) Openings to Be Closedand Handhole Enclosures
(B) Metal Boxes and Conduit Bodies
(C) Nonmetallic Boxes and Conduit Bodies
(D) Conductors 4 AWG or LargerSummary of Changes

314.19 Boxes Enclosing Flush Devices• Article 314 title and 314.1: Deleted manholes and added
314.20 In Wall or Ceilinghandhole enclosures.
314.21 Repairing Plaster and Drywall or Plasterboard

• 314.16(B)(1): Revised to require a two-conductor addition
314.22 Exposed Surface Extensions

to the box fill calculation where a looped, unbroken con-
314.23 Supports

ductor has a total length that is not less than twice the
(A) Surface Mountingminimum length required for free conductors in 300.14.
(B) Structural Mounting

• 314.17(B) and (C): Added messenger supported wiring (C) Mounting in Finished Surfaces
to requirements covering conductors entering metal and (D) Suspended Ceilings
nonmetallic boxes. (E) Raceway Supported Enclosures, Without

• 314.20: Revised to permit measurement to be made from Devices, Luminaires (Fixtures), or
plaster rings, extension rings, and listed extenders. Lampholders

(F) Raceway Supported Enclosures, with Devices,• 314.23(B)(1): Revised to prohibit unprotected screw
Luminaires (Fixtures), or Lampholdersthreads from passing through the box.

(G) Enclosures in Concrete or Masonry• 314.23(F): Revised to clarify that the requirement does
(H) Pendant Boxesnot apply to raceway-supported enclosures containing

314.24 Depth of Outlet Boxessplicing devices.
314.25 Covers and Canopies

• 314.27(D): Added section covering outlet boxes and box- (A) Nonmetallic or Metal Covers and Plates
support systems for support of ceiling paddle fans; moved (B) Exposed Combustible Wall or Ceiling Finish
from Article 422. (C) Flexible Cord Pendants

• 314.30: Added text to provide the sizing and installation 314.27 Outlet Boxes
requirements for using handhole enclosures in electrical (A) Boxes at Luminaire (Lighting Fixture)
systems. Outlets

(B) Maximum Luminaire (Fixture) Weight• Part IV, Manholes: Moved entire article to Article 110,
(C) Floor BoxesPart V.
(D) Boxes at Ceiling-Suspended (Paddle) Fan

Outlets
314.28 Pull and Junction Boxes and Conduit Bodies

Contents (A) Minimum Size
(B) Conductors in Pull or Junction BoxesI. Scope and General
(C) Covers314.1 Scope

314.2 Round Boxes (D) Permanent Barriers
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314.3Article 314 — Outlet, Device, Pull, and Junction Boxes; Conduit Bodies; Fittings; and Handhole Enclosures

314.2 Round Boxes
314.29 Boxes, Conduit Bodies, and Handhole

Round boxes shall not be used where conduits or connectorsEnclosures to Be Accessible
requiring the use of locknuts or bushings are to be connected314.30 Handhole Enclosures
to the side of the box.(A) Size

(B) Wiring Entries
Section 314.2 requires the use of rectangular or octagonal(C) Handhole Enclosures Without Bottoms
boxes having a flat bearing surface at each knockout for(D) Covers
locknuts and bushings to ensure effective grounding continu-III. Construction Specifications
ity. Round boxes, however, can be used if the conduit or314.40 Metal Boxes, Conduit Bodies, and Fittings
cable is secured by clamps within the box or if the cable does(A) Corrosion Resistant
not need attachment to the box, as permitted by 314.17(C),(B) Thickness of Metal
Exception.(C) Metal Boxes Over 1650 cm3 (100 in.3)

(D) Grounding Provisions
314.41 Covers

314.3 Nonmetallic Boxes314.42 Bushings
314.43 Nonmetallic Boxes Nonmetallic boxes shall be permitted only with open wiring
314.44 Marking on insulators, concealed knob-and-tube wiring, cabled wir-

IV. Pull and Junction Boxes for Use on Systems Over 600 ing methods with entirely nonmetallic sheaths, flexible
Volts, Nominal cords, and nonmetallic raceways.
314.70 General

Exception No. 1: Where internal bonding means are pro-314.71 Size of Pull and Junction Boxes
vided between all entries, nonmetallic boxes shall be(A) For Straight Pulls
permitted to be used with metal raceways or metal-armored(B) For Angle or U Pulls
cables.(C) Removable Sides

314.72 Construction and Installation Requirements Exception No. 2: Where integral bonding means with a
(A) Corrosion Protection provision for attaching an equipment bonding jumper inside
(B) Passing Through Partitions the box are provided between all threaded entries in nonme-
(C) Complete Enclosure tallic boxes listed for the purpose, nonmetallic boxes shall be
(D) Wiring Is Accessible permitted to be used with metal raceways or metal-armored
(E) Suitable Covers cables.
(F) Suitable for Expected Handling

The main rule of 314.3 was revised for the 2002 Code to
permit the use of nonmetallic boxes with flexible cords.
Exception No. 1 applies to nonmetallic boxes withoutI. Scope and General
threaded entries and permits the use of metal raceways and314.1 Scope
metal-armored cables with nonmetallic boxes. Internal bond-

This article covers the installation and use of all boxes and ing means must be installed to ensure ground continuity
conduit bodies used as outlet, device, junction, or pull boxes, between the metal raceways or metal-armored cables. For
depending on their use, and handhole enclosures. Cast, sheet the purposes of Exception No. 1, the term metal-armored
metal, nonmetallic, and other boxes such as FS, FD, and cable includes cables with a metal covering such as mineral-
larger boxes are not classified as conduit bodies. This article insulated, metal-sheathed cable (Type MI), metal-clad cable
also includes installation requirements for fittings used to (Type MC), and armored cable (Type AC).
join raceways and to connect raceways and cables to boxes Exception No. 2 permits the use of metal raceways and
and conduit bodies. metal-armored cables with listed nonmetallic boxes

equipped with threaded entries. An integral bonding means
is required to ensure ground continuity between the threadedRevised for the 2005 Code, Article 314 now includes hand-

hole enclosures. See the definition of handhole enclosure in entries. The requirement for means to attach a bonding
jumper accommodates devices or equipment attached to theArticle 100. Manholes were previously covered by Article

314, but now those requirements are found in Article 110. box. For the purposes of Exception No. 2, the term metal-
armored cable includes cables with a metal covering suchManholes were moved to Article 110 because of the close

association with working space requirements, which are also as mineral-insulated, metal-sheathed cable (Type MI), metal-
clad cable (Type MC), and armored cable (Type AC).found in Article 110.
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314.4 Article 314 — Outlet, Device, Pull, and Junction Boxes; Conduit Bodies; Fittings; and Handhole Enclosures

314.4 Metal Boxes the volume of the box, as calculated in 314.16(A), be less
than the fill calculation as calculated in 314.16(B). TheAll metal boxes shall be grounded in accordance with the
minimum volume for conduit bodies shall be as calculatedprovisions of Article 250.
in 314.16(C).

The provisions of this section shall not apply to terminal314.5 Short-Radius Conduit Bodies
housings supplied with motors.

Conduit bodies such as capped elbows and service-entrance
FPN: For volume requirements of motor terminal hous-elbows that enclose conductors 6 AWG or smaller, and are
ings, see 430.12.only intended to enable the installation of the raceway and

the contained conductors, shall not contain splices, taps, or
Boxes and conduit bodies enclosing conductors 4 AWGdevices and shall be of sufficient size to provide free space

or larger shall also comply with the provisions of 314.28.for all conductors enclosed in the conduit body.

(A) Box Volume Calculations The volume of a wiring
Short-radius conduit bodies are not permitted to contain enclosure (box) shall be the total volume of the assembled
splices. sections and, where used, the space provided by plaster rings,

domed covers, extension rings, and so forth, that are marked
with their volume or are made from boxes the dimensions

II. Installation of which are listed in Table 314.16(A).

314.15 Damp, Wet, or Hazardous (1) Standard Boxes The volumes of standard boxes that
(Classified) Locations are not marked with their volume shall be as given in Table
(A) Damp or Wet Locations In damp or wet locations, 314.16(A).
boxes, conduit bodies, and fittings shall be placed or

(2) Other Boxes Boxes 1650 cm3 (100 in.3) or less, otherequipped so as to prevent moisture from entering or accumu-
than those described in Table 314.16(A), and nonmetalliclating within the box, conduit body, or fitting. Boxes, conduit
boxes shall be durably and legibly marked by the manufac-bodies, and fittings installed in wet locations shall be listed
turer with their volume. Boxes described in Table 314.16(A)for use in wet locations.
that have a volume larger than is designated in the table

FPN No. 1: For boxes in floors, see 314.27(C). shall be permitted to have their volume marked as required
FPN No. 2: For protection against corrosion, see 300.6. by this section.

(B) Box Fill Calculations The volumes in paragraphsArticle 100 defines the term weatherproof as ‘‘constructed
314.16(B)(1) through (B)(5), as applicable, shall be addedor protected so that exposure to the weather will not interfere
together. No allowance shall be required for small fittingswith successful operation.’’ Rainproof, raintight, or water-
such as locknuts and bushings.tight equipment can fulfill the requirements for this defini-

tion where varying weather conditions other than wetness, (1) Conductor Fill Each conductor that originates outside
such as snow, ice, dust, or temperature extremes, are not a the box and terminates or is spliced within the box shall be
factor. A weatherhead fitting is considered to be weather- counted once, and each conductor that passes through the
proof because the openings for the conductors are placed in box without splice or termination shall be counted once. A
a downward position so that rain or snow cannot enter the looped, unbroken conductor not less than twice the minimum
fitting. length required for free conductors in 300.14 shall be counted

See the definitions of damp location and wet location twice. The conductor fill shall be calculated using Table
under location in Article 100, as well as the commentary 314.16(B). A conductor, no part of which leaves the box,
following the definition of enclosure, for further explanation. shall not be counted.

Exception: An equipment grounding conductor or conduc-
tors or not over four fixture wires smaller than 14 AWG, or(B) Hazardous (Classified) Locations Installations in
both, shall be permitted to be omitted from the calculationshazardous (classified) locations shall conform to Articles
where they enter a box from a domed luminaire (fixture) or500 through 517.
similar canopy and terminate within that box.

314.16 Number of Conductors in Outlet, Device, (2) Clamp Fill Where one or more internal cable clamps,
and Junction Boxes, and Conduit Bodies whether factory or field supplied, are present in the box, a

single volume allowance in accordance with Table 314.16(B)Boxes and conduit bodies shall be of sufficient size to pro-
vide free space for all enclosed conductors. In no case shall shall be made based on the largest conductor present in the
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314.16Article 314 — Outlet, Device, Pull, and Junction Boxes; Conduit Bodies; Fittings; and Handhole Enclosures

Table 314.16(A) Metal Boxes

Minimum
Box Trade Size Volume Maximum Number of Conductors*

mm in. cm3 in.3 18 16 14 12 10 8 6

100 � 32 (4 � 11⁄4) round/octagonal 205 12.5 8 7 6 5 5 5 2
100 � 38 (4 � 11⁄2) round/octagonal 254 15.5 10 8 7 6 6 5 3
100 � 54 (4 � 21⁄8) round/octagonal 353 21.5 14 12 10 9 8 7 4

100 � 32 (4 � 11⁄4) square 295 18.0 12 10 9 8 7 6 3
100 � 38 (4 � 11⁄2) square 344 21.0 14 12 10 9 8 7 4
100 � 54 (4 � 21⁄8) square 497 30.3 20 17 15 13 12 10 6

120 � 32 (411⁄16� 11⁄4) square 418 25.5 17 14 12 11 10 8 5
120 � 38 (411⁄16� 11⁄2) square 484 29.5 19 16 14 13 11 9 5
120 � 54 (411⁄16� 21⁄8) square 689 42.0 28 24 21 18 16 14 8

75 � 50 � 38 (3 � 2 � 11⁄2) device 123 7.5 5 4 3 3 3 2 1
75 � 50 � 50 (3 � 2 � 2) device 164 10.0 6 5 5 4 4 3 2
75 � 50 � 57 (3 � 2 � 21⁄4) device 172 10.5 7 6 5 4 4 3 2
75 � 50 � 65 (3 � 2 � 21⁄2) device 205 12.5 8 7 6 5 5 4 2
75 � 50 � 70 (3 � 2 � 23⁄4) device 230 14.0 9 8 7 6 5 4 2
75 � 50 � 90 (3 � 2 � 31⁄2) device 295 18.0 12 10 9 8 7 6 3

100 � 54 � 38 (4 � 21⁄8� 11⁄2) device 169 10.3 6 5 5 4 4 3 2
100 � 54 � 48 (4 � 21⁄8� 17⁄8) device 213 13.0 8 7 6 5 5 4 2
100 � 54 � 54 (4 � 21⁄8� 21⁄8) device 238 14.5 9 8 7 6 5 4 2

95 � 50 � 65 (33⁄4� 2 � 21⁄2) masonry box/gang 230 14.0 9 8 7 6 5 4 2
95 � 50 � 90 (33⁄4� 2 � 31⁄2) masonry box/gang 344 21.0 14 12 10 9 8 7 4

min. 44.5 depth FS — single cover/gang (13⁄4) 221 13.5 9 7 6 6 5 4 2
min. 60.3 depth FD — single cover/gang (23⁄8) 295 18.0 12 10 9 8 7 6 3

min. 44.5 depth FS — multiple cover/gang (13⁄4) 295 18.0 12 10 9 8 7 3
min. 60.3 depth FD — multiple cover/gang (23⁄8) 395 24.0 16 13 12 10 9 8 4

*Where no volume allowances are required by 314.16(B)(2) through (B)(5).

Table 314.16(B) Volume Allowance Required per Conductorbox. No allowance shall be required for a cable connector
with its clamping mechanism outside the box.

Free Space Within Box for Each
Conductor(3) Support Fittings Fill Where one or more luminaire

Size of Conductor(fixture) studs or hickeys are present in the box, a single (AWG) cm3 in.3
volume allowance in accordance with Table 314.16(B) shall
be made for each type of fitting based on the largest conduc- 18 24.6 1.50

16 28.7 1.75tor present in the box.
14 32.8 2.00
12 36.9 2.25(4) Device or Equipment Fill For each yoke or strap con-
10 41.0 2.50taining one or more devices or equipment, a double volume

8 49.2 3.00allowance in accordance with Table 314.16(B) shall be made
6 81.9 5.00

for each yoke or strap based on the largest conductor con-
nected to a device(s) or equipment supported by that yoke
or strap.

General Requirements

Section 314.16 provides the requirements and identifies the The total box volume is determined by adding the individual
volumes of the box components. The components includeallowances for the number of conductors permitted to be

enclosed within a box. This section requires that the total the box itself plus any attachments to it, such as a plaster
ring, an extension ring, or a dome cover. The volume ofbox volume be equal to or greater than the total box fill.
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314.16 Article 314 — Outlet, Device, Pull, and Junction Boxes; Conduit Bodies; Fittings; and Handhole Enclosures

Solutioneach box component is determined either from the volume
marking on the component itself or from the standard vol- To determine the number of conductors permitted in a stan-
umes listed in Table 314.16(A). If a box is marked with a dard 4 in. � 11⁄2 in. square box (21.0 in.3), count the conduc-
larger volume than listed in Table 314.16(A), the larger tors in the box and compare the total to the maximum number
volume can be used instead of the table value. of conductors permitted by Table 314.16(A). Each unspliced

Adding all the volume allowances for all items contrib- conductor running through the box is counted as one conduc-
uting to box fill determines the total box fill. The volume tor, and each other conductor is counted as one conductor.
allowance for each fill item is based on the volume listed Therefore, the total conductor count for this box is nine
in Table 314.16(B) for the conductor size indicated. Com- conductors. Table 314.16(A) indicates that the maximum
mentary Table 314.1 summarizes the components contribut- fill for this box is nine 12 AWG conductors, so the box is
ing to box fill. adequately sized.

Specific Examples
Example 2

The following three examples illustrate the applicable re-
The standard method for determining adequate box sizequirements of 314.16 and the accompanying tables.
calculates the total box volume and then subtracts the total

Example 1 box fill to ensure compliance. Using this method, refer to
Exhibit 314.2 and determine whether the box is adequatelyUsing the simple method [according to the footnote of Table
sized.314.16(A)], select a standard-sized box for use where all

the conductors are the same size and the box does not contain
Solutionany cable clamps, support fittings, devices, or equipment

grounding conductors. Refer to Exhibit 314.1 for an For a standard 3 in. � 2 in. � 31⁄2 in. device box (18 in.3),
Table 314.16(A) allows up to a maximum of nine 14 AWGexample.

Commentary Table 314.1 Summary of Items Contributing to Box Fill

Items Contained Within Box Volume Allowance Based on [see Table 314.16(B)]

Conductors that originate outside box One for each conductor Actual conductor size

Conductors that pass through box without One for each conductor Actual conductor size
splice or connection
(*less than 12 in. in total length)

*Conductors 12 in. or greater that are looped Two for a single (entire) unbroken conductor Actual conductor size
and unbroken

(see 300.15 for exact measurement)

Conductors that originate within box and do None (these conductors not counted) n.a.
not leave box

Fixture conductors [per 314.16(B)(1), None (these conductors not counted) n.a.
Exception]

Internal cable clamps (one or more) One only Largest-sized conductor present

Support fittings (such as fixture studs, One for each type of support fitting Largest-sized conductor present
hickeys)

Devices (such as receptacles, switches) Two for each yoke or mounting strap Largest-sized conductor connected to
device or equipment

Equipment grounding conductor (one or One only Largest equipment grounding conductor
more) present

Isolated equipment grounding conductor One only Largest isolated and insulated equipment
(one or more) grounding conductor present
[see 250.146(D)]

*2005 Code change.
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314.16Article 314 — Outlet, Device, Pull, and Junction Boxes; Conduit Bodies; Fittings; and Handhole Enclosures

14/2

14/2

Standard 3 in. × 2 in. × 3¹⁄₂ in. device box (18 in.3)

4 in. × 1¹⁄₂ in. square box (21.0 in.3)

1

23

4

5

6
7

8

9

Exhibit 314.2 Example 2: A device box that contains compo-
Exhibit 314.1 Example 1: A standard-sized 4 in. � 11⁄2 in. square nents and conductors requiring deductions in accordance with
box (21.0 in.3) containing no fittings or devices, such as fixture 314.16.
studs, cable clamps, switches, receptacles, or equipment ground-
ing conductors.

314.16(B), is determined as given in Commentary Table
conductors. The box fill for this situation as given in Com- 314.3. With only 26 in.3 of the 36 in.3 filled, the box is
mentary Table 314.2 is 16 in.3. Therefore, because the total adequately sized.
box fill of 16 in.3 is less than the 18 in.3 total box volume
permitted, the box is adequately sized.

(5) Equipment Grounding Conductor Fill Where one orExample 3
more equipment grounding conductors or equipment bond-

Using the standard method, determine the adequacy of the
ing jumpers enter a box, a single volume allowance in accor-

device illustrated in Exhibit 314.3. The exhibit illustrates
dance with Table 314.16(B) shall be made based on the

two 3 in. � 2 in. � 31⁄2 in. device boxes assembled to
largest equipment grounding conductor or equipment bond-

configure a single box.
ing jumper present in the box. Where an additional set of
equipment grounding conductors, as permitted bySolution
250.146(D), is present in the box, an additional volumeThe total box volume, referring to Table 314.16(A), is 36
allowance shall be made based on the largest equipmentin.3 (2 � 18 in.3). The total box fill, referring to Table
grounding conductor in the additional set.

Commentary Table 314.2 Total Box Fill for Example No. 2

Unit Volume
Based on Table

Items Contained Within Box Volume Allowance 314.16(B) (in.3) Total Box Fill (in.3)

4 conductors 4 volume allowances for 14 AWG conductors 2.00 8.00

1 clamp 1 volume allowance (based on 14 AWG conductors) 2.00 2.00

1 device 2 volume allowances (based on 14 AWG conductors) 2.00 4.00

Equipment grounding 1 volume allowance (based on 14 AWG conductors) 2.00 2.00
conductors (all)

Total 16.00
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314.16 Article 314 — Outlet, Device, Pull, and Junction Boxes; Conduit Bodies; Fittings; and Handhole Enclosures

taps, or devices. The maximum number of conductors shall
be calculated in accordance with 314.16(B). Conduit bodies
shall be supported in a rigid and secure manner.

As illustrated in Exhibit 314.4, conduit bodies other than
the short-radius type are permitted to contain splices or taps,
provided the conduit bodies are marked with their cubic-
inch capacity. Such conduit bodies are required to have a
cross-sectional area not less than twice that of the conduit
to which they are attached and are not permitted to contain
more conductors than the attached raceway. The volume
requirements for splicing or tapping are provided in
314.16(C).

Conduit bodies must be rigidly supported. See
314.23(D)(2), the exception to 314.23(E), and Exception
No. 1 of 314.23(F), which permit the raceway to support
the conduit body, provided the conduit body is not larger

12/2

12/2

14/2

than the attached raceway.
Exhibit 314.3 Example 3: Two standard gangable device boxes See 314.28 for requirements that apply to conduit bodies
containing conductors of different sizes. used as pull and junction boxes.

(C) Conduit Bodies

(1) General Conduit bodies enclosing 6 AWG conductors
or smaller, other than short-radius conduit bodies as de-
scribed in 314.5, shall have a cross-sectional area not less
than twice the cross-sectional area of the largest conduit or
tubing to which it is attached. The maximum number of
conductors permitted shall be the maximum number permit-
ted by Table 1 of Chapter 9 for the conduit or tubing to
which it is attached.

Conduit body marked 
with cubic inch capacity

Splices

(2) With Splices, Taps, or Devices Only those conduit Exhibit 314.4 An example of splices in a raceway-supported
bodies that are durably and legibly marked by the manufac- conduit body.
turer with their volume shall be permitted to contain splices,

Commentary Table 314.3 Total Box Fill for Example No. 3

Unit Volume
Based on Table

Items Contained Within Box Volume Allowance 314.16(B) (in.3) Total Box Fill (in.3)

6 conductors 2 volume allowances for 14 AWG conductors 2.00 4.00

4 volume allowances for 12 AWG conductors 2.25 9.00

2 clamps 1 volume allowance (based on 12 AWG conductors) 2.25 2.25

2 devices 2 volume allowances (based on 14 AWG conductors) 2.00 4.00

2 volume allowances (based on 12 AWG conductors) 2.25 4.50

Equipment grounding 1 volume allowance (based on 12 AWG conductors) 2.25 2.25
conductors (all)

Total 26.00
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314.20Article 314 — Outlet, Device, Pull, and Junction Boxes; Conduit Bodies; Fittings; and Handhole Enclosures

required to be suitably identified by a marking on the box314.17 Conductors Entering Boxes, Conduit
or in the listing of the box to comply with 110.3(B).Bodies, or Fittings

Conductors entering boxes, conduit bodies, or fittings shall
be protected from abrasion and shall comply with 314.17(A)

Exception: Where nonmetallic-sheathed cable or multicon-through (D).
ductor Type UF cable is used with single gang boxes not

(A) Openings to Be Closed Openings through which con- larger than a nominal size 57 mm � 100 mm (21⁄4 in. � 4
ductors enter shall be adequately closed. in.) mounted in walls or ceilings, and where the cable is

fastened within 200 mm (8 in.) of the box measured along
(B) Metal Boxes and Conduit Bodies Where metal boxes the sheath and where the sheath extends through a cable
or conduit bodies are installed with messenger supported knockout not less than 6 mm (1⁄4 in.), securing the cable to
wiring, open wiring on insulators, or concealed knob-and- the box shall not be required. Multiple cable entries shall
tube wiring, conductors shall enter through insulating bush- be permitted in a single cable knockout opening.
ings or, in dry locations, through flexible tubing extending
from the last insulating support to not less than 6 mm (1⁄4 in.)

Some cable-securing means is required in all single ganginside the box and beyond any cable clamps. Except as
boxes larger than 21⁄4 in. � 4 in. The requirement is basedprovided in 300.15(C), the wiring shall be firmly secured
on the width of the box and the likelihood that the cableto the box or conduit body. Where raceway or cable is
will be pushed back out of the box when the conductors andinstalled with metal boxes or conduit bodies, the raceway
device, if any, are folded back into the box during installationor cable shall be secured to such boxes and conduit bodies.
of receptacles, switches, dimmers, and so on.

Editorial corrections were made for the 2005 Code in both
314.17(B) and 314.17(C) to specifically address messenger (D) Conductors 4 AWG or Larger Installation shall com-
supported wiring and open wiring on insulators, which re- ply with 300.4(F).
place the general term open wiring.

FPN: See 110.12(A) for requirements on closing unused
cable and raceway knockout openings.

(C) Nonmetallic Boxes and Conduit Bodies Nonmetallic
boxes and conduit bodies shall be suitable for the lowest 314.19 Boxes Enclosing Flush Devices
temperature-rated conductor entering the box. Where non-

Boxes used to enclose flush devices shall be of such design
metallic boxes and conduit bodies are used with messenger

that the devices will be completely enclosed on back and
supported wiring, open wiring on insulators, or concealed

sides and substantial support for the devices will be provided.
knob-and-tube wiring, the conductors shall enter the box

Screws for supporting the box shall not be used in attachment
through individual holes. Where flexible tubing is used to

of the device contained therein.
enclose the conductors, the tubing shall extend from the last
insulating support to not less than 6 mm (1⁄4 in.) inside

314.20 In Wall or Ceilingthe box and beyond any cable clamp. Where nonmetallic-
sheathed cable or multiconductor Type UF cable is used, In walls or ceilings with a surface of concrete, tile, gypsum,

plaster, or other noncombustible material, boxes employingthe sheath shall extend not less than 6 mm (1⁄4 in.) inside
the box and beyond any cable clamp. In all instances, all a flush-type cover or faceplate shall be installed so that the

front edge of the box, plaster ring, extension ring, or listedpermitted wiring methods shall be secured to the boxes.
extender will not be set back of the finished surface more
than 6 mm (1⁄4 in.).Standard nonmetallic boxes are permitted for use with 90�C

In walls and ceilings constructed of wood or other com-insulated conductors. A nonmetallic box used for splicing
bustible surface material, boxes, plaster rings, extensiona conductor of a higher temperature rating to a conductor
rings, or listed extenders shall be flush with the finishedof a lower temperature rating is required to be identified
surface or project therefrom.as suitable for the temperature rating of the lower-rated

conductor. The intent is to avoid the necessity of giving a
high temperature rating to boxes in a normal temperature For the 2005 Code, ‘‘plaster ring, extension ring, or listed

extender’’ was added to make a list of the front faces inlocation simply because high-temperature conductors enter
the box from or exit to a high-temperature location. However, addition to just a box. This list of options of possible front

surfaces clarifies from where the maximum clearance dimen-where insulated conductors rated at higher temperatures are
necessary in a high-temperature environment, the box is sion could be measured.
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314.21 Article 314 — Outlet, Device, Pull, and Junction Boxes; Conduit Bodies; Fittings; and Handhole Enclosures

The terms surface and with a surface of make it clear
that the requirements of this section apply only to the con-
struction of the surface of the wall or ceiling, not to the
structure or subsurface of the wall or ceiling. Therefore, a
wall constructed of wood but sheathed with an outer layer
of gypsum board is permitted to contain boxes set back or
recessed not more than 1⁄4 in. Using an opposite example, a
wall constructed of metal studs but finished with wood pan-
els requires that contained outlet boxes be mounted flush
with the combustible finish.

314.21 Repairing Plaster and Drywall
or Plasterboard
Plaster, drywall, or plasterboard surfaces that are broken or
incomplete around boxes employing a flush-type cover or

Exposed flexible
surface extension

Concealed
outlet box

Equipment grounding
conductor

faceplate shall be repaired so there will be no gaps or open
spaces greater than 3 mm (1⁄8 in.) at the edge of the box. Exhibit 314.5 An example of a flexible surface extension from

a flush-mounted outlet box.

For the 2005 Code, a clarifying phrase was added to point
support, additional support in accordance with other provis-out that repair is necessary only for boxes employing a flush-
ions of this section shall be provided.type cover or faceplate.

(B) Structural Mounting An enclosure supported from a
structural member of a building or from grade shall be rigidly314.22 Exposed Surface Extensions
supported either directly or by using a metal, polymeric, or

Surface extensions from a flush-mounted box shall be made wood brace.
by mounting and mechanically securing an extension ring

(1) Nails and Screws Nails and screws, where used as aover the flush box. Equipment grounding and bonding shall
fastening means, shall be attached by using brackets on thebe in accordance with Article 250.
outside of the enclosure, or they shall pass through the

Exception: A surface extension shall be permitted to be interior within 6 mm (1⁄4 in.) of the back or ends of the
made from the cover of a flush-mounted box where the cover enclosure. Screws shall not be permitted to pass through the
is designed so it is unlikely to fall off or be removed if its box unless exposed threads in the box are protected using
securing means becomes loose. The wiring method shall be approved means to avoid abrasion of conductor insulation.
flexible for a length sufficient to permit removal of the cover
and provide access to the box interior, and arranged so that

This requirement prevents nails from interfering with the
any bonding or grounding continuity is independent of the

installation of devices. Permitting nails inside the box within
connection between the box and cover. 1⁄4 in. of the ends reduces splitting of the smaller wooden

studs used in some frame-type construction. However, split-
Exhibit 314.5 shows an example of a flexible surface exten- ting sometimes occurs where nails are within 1⁄4 in. of the
sion from a flush-mounted outlet box. The exception to back of the box. The last sentence was added for the 2005
314.22, which permits this technique, requires the use of a Code to point out that the coarse screw threads found on
cover that will not fall off if the securing screws become most screws used for mounting boxes present a severe abra-
loose. sion hazard to conductor insulation when the threads are left

exposed inside a box.

314.23 Supports
(2) Braces Metal braces shall be protected against corro-Enclosures within the scope of this article shall be supported
sion and formed from metal that is not less than 0.51 mmin accordance with one or more of the provisions in
(0.020 in.) thick uncoated. Wood braces shall have a cross314.23(A) through (H).
section not less than nominal 25 mm � 50 mm (1 in. � 2
in.). Wood braces in wet locations shall be treated for the(A) Surface Mounting An enclosure mounted on a build-

ing or other surface shall be rigidly and securely fastened conditions. Polymeric braces shall be identified as being
suitable for the use.in place. If the surface does not provide rigid and secure
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314.23Article 314 — Outlet, Device, Pull, and Junction Boxes; Conduit Bodies; Fittings; and Handhole Enclosures

(C) Mounting in Finished Surfaces An enclosure does not contain a device(s) other than splicing devices
or support a luminaire(s) [fixture(s)], lampholder, or othermounted in a finished surface shall be rigidly secured thereto

by clamps, anchors, or fittings identified for the application. equipment and is supported by entering raceways shall not
exceed 1650 cm3 (100 in.3) in size. It shall have threaded
entries or have hubs identified for the purpose. It shall beWhere structural members are lacking or where boxes are
supported by two or more conduits threaded wrenchtightcut into existing walls, boxes are permitted to be secured
into the enclosure or hubs. Each conduit shall be securedby clamps or anchors. Exhibit 314.6 shows one example of
within 900 mm (3 ft) of the enclosure, or within 450 mman acceptable mounting method. Shown in the right portion
(18 in.) of the enclosure if all conduit entries are on theof the exhibit is a device box mounted in an opening in an
same side.existing wall by means of a securing bracket that is part of

the box.
Boxes are not permitted to be supported by rigid raceways
using locknuts and bushings. Enclosures without devices
or luminaires, however, are considered to be adequately
supported, provided the conduit is connected to the enclosure
by threaded hubs and the threaded conduits enter the box
on two or more sides and are supported within 3 ft of the
enclosure. A box is not permitted to be supported by a single
raceway.

Exception: Rigid metal, intermediate metal, or rigid nonme-
tallic conduit or electrical metallic tubing shall be permitted
to support a conduit body of any size, including a conduit
body constructed with only one conduit entry, provided the
trade size of the conduit body is not larger than the largest
trade size of the conduit or electrical metallic tubing.

Securing 
bracket

(F) Raceway Supported Enclosures, with Devices, Lumi-
naires (Fixtures), or Lampholders An enclosure that con-

Exhibit 314.6 One type of device box used for old work. tains a device(s), other than splicing devices, or supports a
luminaire(s) [fixture(s)], lampholder, or other equipment and
is supported by entering raceways shall not exceed 1650(D) Suspended Ceilings An enclosure mounted to struc-
cm3 (100 in.3) in size. It shall have threaded entries or havetural or supporting elements of a suspended ceiling shall be
hubs identified for the purpose. It shall be supported by twonot more than 1650 cm3 (100 in.3) in size and shall be
or more conduits threaded wrenchtight into the enclosure orsecurely fastened in place in accordance with either (D)(1)
hubs. Each conduit shall be secured within 450 mm (18 in.)or (D)(2).
of the enclosure.

(1) Framing Members An enclosure shall be fastened to
the framing members by mechanical means such as bolts,

The conduit is required to be supported within 18 in. if thescrews, or rivets, or by the use of clips or other securing
enclosure contains devices (other than splicing devices) ormeans identified for use with the type of ceiling framing
luminaires.member(s) and enclosure(s) employed. The framing mem-

bers shall be adequately supported and securely fastened to
Exception No. 1: Rigid metal or intermediate metal conduiteach other and to the building structure.
shall be permitted to support a conduit body of any size,

(2) Support Wires The installation shall comply with the including a conduit body constructed with only one conduit
provisions of 300.11(A). The enclosure shall be secured, entry, provided the trade size of the conduit body is not
using methods identified for the purpose, to ceiling support larger than the largest trade size of the conduit.
wire(s), including any additional support wire(s) installed

Exception No. 2: An unbroken length(s) of rigid or interme-
for that purpose. Support wire(s) used for enclosure support

diate metal conduit shall be permitted to support a box used
shall be fastened at each end so as to be taut within the

for luminaire (fixture) or lampholder support, or to support
ceiling cavity.

a wiring enclosure that is an integral part of a luminaire
(fixture) and used in lieu of a box in accordance with(E) Raceway Supported Enclosure, Without Devices,

Luminaires (Fixtures), or Lampholders An enclosure that 300.15(B), where all of the following conditions are met:
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314.24 Article 314 — Outlet, Device, Pull, and Junction Boxes; Conduit Bodies; Fittings; and Handhole Enclosures

(1) Flexible Cord A box shall be supported from a multi-(a) The conduit is securely fastened at a point so that
the length of conduit beyond the last point of conduit support conductor cord or cable in an approved manner that protects

the conductors against strain, such as a strain-relief connectordoes not exceed 900 mm (3 ft).
threaded into a box with a hub.(b) The unbroken conduit length before the last point

of conduit support is 300 mm (12 in.) or greater, and that
(2) Conduit A box supporting lampholders or luminaires

portion of the conduit is securely fastened at some point not
(lighting fixtures), or wiring enclosures within luminaires

less than 300 mm (12 in.) from its last point of support.
(fixtures) used in lieu of boxes in accordance with 300.15(B),

(c) Where accessible to unqualified persons, the lumi- shall be supported by rigid or intermediate metal conduit
naire (fixture) or lampholder, measured to its lowest point, stems. For stems longer than 450 mm (18 in.), the stems
is at least 2.5 m (8 ft) above grade or standing area and at shall be connected to the wiring system with flexible fittings
least 900 mm (3 ft) measured horizontally to the 2.5 m (8 suitable for the location. At the luminaire (fixture) end, the
ft) elevation from windows, doors, porches, fire escapes, or conduit(s) shall be threaded wrenchtight into the box or
similar locations. wiring enclosure, or into hubs identified for the purpose.

(d) A luminaire (fixture) supported by a single conduit Where supported by only a single conduit, the threaded
does not exceed 300 mm (12 in.) in any direction from the joints shall be prevented from loosening by the use of set-
point of conduit entry. screws or other effective means, or the luminaire (fixture),

at any point, shall be at least 2.5 m (8 ft) above grade or(e) The weight supported by any single conduit does
standing area and at least 900 mm (3 ft) measured horizon-not exceed 9 kg (20 lb).
tally to the 2.5 m (8 ft) elevation from windows, doors,(f) At the luminaire (fixture) or lampholder end, the
porches, fire escapes, or similar locations. A luminaire (fix-conduit(s) is threaded wrenchtight into the box, conduit body,
ture) supported by a single conduit shall not exceed 300 mmor integral wiring enclosure, or into hubs identified for the
(12 in.) in any horizontal direction from the point of conduitpurpose. Where a box or conduit body is used for support,
entry.the luminaire (fixture) shall be secured directly to the box

or conduit body, or through a threaded conduit nipple not
314.24 Depth of Outlet Boxesover 75 mm (3 in.) long.
No box shall have an internal depth of less than 12.7 mm

(G) Enclosures in Concrete or Masonry An enclosure (1⁄2 in.). Boxes intended to enclose flush devices shall have
supported by embedment shall be identified as suitably pro- an internal depth of not less than 23.8 mm (15⁄16 in.).
tected from corrosion and securely embedded in concrete
or masonry. The use of a shallow box might become necessary because

of old work or existing construction where, for example,
Boxes are permitted to be embedded in masonry or concrete, very shallow partitions, plumbing pipes, or ductwork is en-
provided they are rigid and secure. Exhibit 314.7 shows a countered within the partition. The selection of a box used
mud box installed in a concrete ceiling. Additional support in this type of situation is required to be based on its having
is not required. sufficient cubic-inch capacity.

314.25 Covers and Canopies
In completed installations, each box shall have a cover,
faceplate, lampholder, or luminaire (fixture) canopy, except
where the installation complies with 410.14(B).

(A) Nonmetallic or Metal Covers and Plates Nonmetallic
or metal covers and plates shall be permitted. Where metal
covers or plates are used, they shall comply with the ground-
ing requirements of 250.110.

Concrete 
ceiling

FPN: For additional grounding requirements, see
410.18(A) for metal luminaire (fixture) canopies, and
404.12 and 406.5(B) for metal faceplates.Exhibit 314.7 A mud box installed in a concrete ceiling.

(B) Exposed Combustible Wall or Ceiling Finish Where
a luminaire (fixture) canopy or pan is used, any combustible(H) Pendant Boxes An enclosure supported by a pendant

shall comply with 314.23(H)(1) or (H)(2). wall or ceiling finish exposed between the edge of the canopy
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314.27Article 314 — Outlet, Device, Pull, and Junction Boxes; Conduit Bodies; Fittings; and Handhole Enclosures

or pan and the outlet box shall be covered with noncombusti- to support luminaires (lighting fixtures) weighing 23 kg (50
lb) or less. A luminaire (lighting fixture) that weighs moreble material.
than 23 kg (50 lb) shall be supported independently of the
outlet box unless the outlet box is listed for the weight toBecause heat from a short circuit, from a ground fault, or
be supported.due to overlamping could create a fire hazard within a fixture

canopy or pan, any exposed combustible wall or ceiling
space between the edge of the outlet box and the perimeter of Moved to Chapter 3 in the 2002 Code, this requirement

previously appeared in 410.16. Regardless of whether a lu-the luminaire is required to be covered with noncombustible
material. The noncombustible material need not be metal. minaire is attached to an outlet box or is supported indepen-

dently of the outlet box, care should be taken to securelyGlass fiber pads commonly provided as thermal barriers
within the ceiling pan of luminaires can be used to meet fasten the supporting means of the luminaire. Exhibit 314.8

illustrates one method of supporting a fixture in accordancethis requirement. Where the wall or ceiling finish is concrete,
tile, gypsum, plaster, or other noncombustible material, the with 314.27(B).
requirements of this section do not apply. Section 314.20
contains requirements for flush-mounted boxes and boxes
‘‘set back’’ from finish surfaces.

(C) Flexible Cord Pendants Covers of outlet boxes and
conduit bodies having holes through which flexible cord
pendants pass shall be provided with bushings designed for
the purpose or shall have smooth, well-rounded surfaces on
which the cords may bear. So-called hard rubber or composi-
tion bushings shall not be used.

314.27 Outlet Boxes
(A) Boxes at Luminaire (Lighting Fixture) Outlets
Boxes used at luminaire (lighting fixture) or lampholder
outlets shall be designed for the purpose. At every outlet
used exclusively for lighting, the box shall be designed
or installed so that a luminaire (lighting fixture) may be
attached.

Exception: A wall-mounted luminaire (fixture) weighing not
more than 3 kg (6 lb) shall be permitted to be supported on
other boxes or plaster rings that are secured to other boxes,

Support hanger

Cable

Luminaire
exceeding
50 lb

provided the luminaire (fixture) or its supporting yoke is
secured to the box with no fewer than two No. 6 or larger Exhibit 314.8 A wooden brace used to support a heavy luminaire
screws. according to 314.27(B).

Device boxes are designed for the mounting of snap
(C) Floor Boxes Boxes listed specifically for this applica-switches, receptacles, and other devices, usually with 6-32
tion shall be used for receptacles located in the floor.screws (No. 6 screws with 32 threads per inch). Generally,

device boxes are not suitable for supporting other than light- Exception: Where the authority having jurisdiction judges
weight wall-mounted luminaires. The exception to them free from likely exposure to physical damage, moisture,
314.27(A) permits luminaires such as wall-bracket types or and dirt, boxes located in elevated floors of show windows
sconces weighing less than 6 lb to be supported by a device and similar locations shall be permitted to be other than
box using No. 6 or larger screws. For heavier or ceiling- those listed for floor applications. Receptacles and covers
mounted lighting luminaires, see 410.16, Means of Support. shall be listed as an assembly for this type of location.
The outlet box is required to provide ‘‘adequate’’ support.

(D) Boxes at Ceiling-Suspended (Paddle) Fan Outlets
Outlet boxes or outlet box systems used as the sole support

(B) Maximum Luminaire (Fixture) Weight Outlet boxes of a ceiling-suspended (paddle) fan shall be listed, shall be
marked by their manufacturer as suitable for this purpose,or fittings installed as required by 314.23 shall be permitted
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314.28 Article 314 — Outlet, Device, Pull, and Junction Boxes; Conduit Bodies; Fittings; and Handhole Enclosures

and shall not support ceiling-suspended (paddle) fans that AWG or larger, the minimum dimensions of pull or junction
boxes installed in a raceway or cable run shall comply withweigh more than 32 kg (70 lb). For outlet boxes or outlet

box systems designed to support ceiling-suspended (paddle) (A)(1) through (A)(3). Where an enclosure dimension is to
be calculated based on the diameter of entering raceways,fans that weigh more than 16 kg (35 lb), the required marking

shall include the maximum weight to be supported. the diameter shall be the metric designator (trade size) ex-
pressed in the units of measurement employed.

Outlet boxes specifically listed to adequately support ceiling-
(1) Straight Pulls In straight pulls, the length of the boxmounted paddle fans are available, as are several alternative
shall not be less than eight times the metric designator (tradeand retrofit methods that can provide suitable support for a
size) of the largest raceway.paddle fan. For the 2005 Code, 314.27(D) was rewritten to

specifically address listed fan boxes, listed fan box assembl-
Section 314.28(A)(1) applies to minimum dimensions ofies, as well as fan weights up to 70 pounds.
pull and junction boxes or conduit bodies used with racewaysOne method of supporting a ceiling fan so that the box
or cables containing conductors 4 AWG or larger. For straightdoes not serve as the sole support is shown in Exhibit 314.9.
pulls, for example, trade size 2 conduit containing four 4/0For a detailed view of an outlet box specifically listed to
AWG, Type THHW conductors (see Annex C, Table C8)support a paddle fan, see 422.18, the associated commentary,
requires a 16-in.-long pull box (8 � 2 in. � 16 in.). Itand Exhibit 422.2.
should be understood that although 16 in. is the required
minimum length, a longer pull box may be desired for maxi-
mum ease in handling this size conductor.

(2) Angle or U Pulls Where splices or where angle or U
pulls are made, the distance between each raceway entry
inside the box and the opposite wall of the box shall not be
less than six times the metric designator (trade size) of the
largest raceway in a row. This distance shall be increased
for additional entries by the amount of the sum of the diame-
ters of all other raceway entries in the same row on the same
wall of the box. Each row shall be calculated individually,
and the single row that provides the maximum distance shall
be used.

Exception: Where a raceway or cable entry is in the wall
of a box or conduit body opposite a removable cover, the
distance from that wall to the cover shall be permitted to
comply with the distance required for one wire per terminal
in Table 312.6(A).

The distance between raceway entries enclosing the

Fan

Box

Joist

Bolt

same conductor shall not be less than six times the metric
designator (trade size) of the larger raceway.

Exhibit 314.9 A ceiling fan supported without depending on the
When transposing cable size into raceway size inbox for sole support.

314.28(A)(1) and (A)(2), the minimum metric designator
(trade size) raceway required for the number and size of
conductors in the cable shall be used.314.28 Pull and Junction Boxes and

Conduit Bodies
Exhibits 314.10 and 314.11 provide examples of calculationsBoxes and conduit bodies used as pull or junction boxes
required by 314.28(A)(2). As the example in Exhibit 314.10shall comply with 314.28(A) through (D).
illustrates, where splices, angle pulls, or U pulls are made,

Exception: Terminal housings supplied with motors shall the distance between each raceway entry inside the box and
comply with the provisions of 430.12. the opposite wall of the box must not be less than six times

the trade diameter of the largest raceway, plus the distance
(A) Minimum Size For raceways containing conductors of for additional raceway entries. This additional distance is
4 AWG or larger, and for cables containing conductors of 4

2005 National Electrical Code Handbook332

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

--```,,``,`,,,`,`,`,`,,,,,,`,,,-`-`,,`,,`,`,,`---



314.29Article 314 — Outlet, Device, Pull, and Junction Boxes; Conduit Bodies; Fittings; and Handhole Enclosures

calculated by adding the diameters of the other raceway
entries in one row on the same side of the box. The example
in Exhibit 314.11 shows that raceway entries enclosing the
same conductor are required to have a minimum separation
between them. The intent is to provide adequate space for
the conductor to make the bend.

(3) Smaller Dimensions Boxes or conduit bodies of di-
mensions less than those required in 314.28(A)(1) and (A)(2)
shall be permitted for installations of combinations of con-
ductors that are less than the maximum conduit or tubing
fill (of conduits or tubing being used) permitted by Table 1
of Chapter 9, provided the box or conduit body has been
listed for, and is permanently marked with, the maximum
number and maximum size of conductors permitted.

(B) Conductors in Pull or Junction Boxes In pull boxes
or junction boxes having any dimension over 1.8 m (6 ft),
all conductors shall be cabled or racked up in an approved
manner.

6 × 2 in. (trade diameter of largest raceway) = 12 in.
12 in. + 5 in. (sum of diameters of other entries, row 2 only)

= 17 in. (min. required from each entry to opposite wall)

Row 2,
6 entries

1 in.

1 in.

1 in.

1 in.

1 in.

2 in.

Opposite
wall

17 in.

Row 1,
3 entries

Raceway
entries

(C) Covers All pull boxes, junction boxes, and conduit
bodies shall be provided with covers compatible with the

Exhibit 314.10 An example showing calculations required by box or conduit body construction and suitable for the condi-
314.28(A)(2) for splices, angle pulls, or U pulls. tions of use. Where used, metal covers shall comply with

the grounding requirements of 250.110. An extension from
the cover of an exposed box shall comply with 314.22,
Exception.

(D) Permanent Barriers Where permanent barriers are in-
stalled in a box, each section shall be considered as a separate
box.

314.29 Boxes, Conduit Bodies, and Handhole
Enclosures to Be Accessible
Boxes, conduit bodies, and handhole enclosures shall be
installed so that the wiring contained in them can be rendered
accessible without removing any part of the building or, in
underground circuits, without excavating sidewalks, paving,
earth, or other substance that is to be used to establish the
finished grade.

Exception: Listed boxes and handhole enclosures shall be
permitted where covered by gravel, light aggregate, or non-
cohesive granulated soil if their location is effectively identi-
fied and accessible for excavation.

Consideration should be given to the accessibility of junction
boxes installed on a structural ceiling above a suspended
ceiling. A box is permitted to be used at any point for the
connection of conduit, tubing, or cable, provided it is not

2 in.

2 in.

4 in.

2 in. 2 in.
4 in.

A

B

A = (6 × 4 in.) + 2 in. + 2 in. = 28 in. min.
B = (6 × 4 in.) + 2 in. + 2 in. = 28 in. min.
C = 6 × 2 in. = 12 in. min. required between raceways
       enclosing the same conductor
D = 6 × 2 in. = 12 in. min. required between raceways
       enclosing the same conductor
E = 6 × 4 in. = 24 in. min. required between raceways
       enclosing the same conductor

C

D
E

Cable path

rendered inaccessible. See Article 100 for the definition of
accessible (as applied to wiring methods). See 300.15 forExhibit 314.11 An example showing calculations required by

314.28(A)(2) for raceways enclosing the same conductor. other requirements for boxes, conduit bodies, or fittings. For
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314.30 Article 314 — Outlet, Device, Pull, and Junction Boxes; Conduit Bodies; Fittings; and Handhole Enclosures

installing, operating, or maintaining equipment or wiring orthe 2005 Code, this section covers handhole enclosures as
well. both. Also see the commentary following 314.1.

314.30 Handhole Enclosures III. Construction Specifications
Handhole enclosures shall be designed and installed to with- 314.40 Metal Boxes, Conduit Bodies, and Fittings
stand all loads likely to be imposed.

(A) Corrosion Resistant Metal boxes, conduit bodies, and
FPN: See ANSI/SCTE 77-2002, Specification for Un- fittings shall be corrosion resistant or shall be well-
derground Enclosure Integrity, for additional information

galvanized, enameled, or otherwise properly coated insideon deliberate and nondeliberate traffic loading that can
and out to prevent corrosion.be expected to bear on underground enclosures.

FPN: See 300.6 for limitation in the use of boxes and(A) Size Handhole enclosures shall be sized in accordance
fittings protected from corrosion solely by enamel.with 314.28(A) for conductors operating at 600 volts or

below, and in accordance with 314.71 for conductors op- (B) Thickness of Metal Sheet steel boxes not over 1650
erating at over 600 volts. For handhole enclosures without cm3 (100 in.3) in size shall be made from steel not less than
bottoms where the provisions of 314.28(A)(2), Exception, 1.59 mm (0.0625 in.) thick. The wall of a malleable iron
or 314.71(B)(1), Exception No. 1, apply, the measurement box or conduit body and a die-cast or permanent-mold cast
to the removable cover shall be taken from the end of the aluminum, brass, bronze, or zinc box or conduit body shall
conduit or cable assembly. not be less than 2.38 mm (3⁄32 in.) thick. Other cast metal

boxes or conduit bodies shall have a wall thickness not less(B) Wiring Entries Underground raceways and cable as-
than 3.17 mm (1⁄8 in.).semblies entering a handhole enclosure shall extend into the
Exception No. 1: Listed boxes and conduit bodies shown toenclosure, but they shall not be required to be mechanically
have equivalent strength and characteristics shall be permit-connected to the enclosure.
ted to be made of thinner or other metals.(C) Handhole EnclosuresWithout Bottoms Where hand-
Exception No. 2: The walls of listed short radius conduithole enclosures without bottoms are installed, all enclosed
bodies, as covered in 314.5, shall be permitted to be madeconductors and any splices or terminations, if present, shall
of thinner metal.be listed as suitable for wet locations.

(C) Metal Boxes Over 1650 cm3 (100 in.3) Metal boxes
over 1650 cm3 (100 in.3) in size shall be constructed so as toDue to the possibility of flooding within a subterranean
be of ample strength and rigidity. If of sheet steel, the metalbottomless handhole enclosure, it is required that the conduc-
thickness shall not be less than 1.35 mm (0.053 in.) uncoated.tors and splices be listed for use in a wet location. Although

not specifically addressed in 314.30(C), handholes with a (D) Grounding Provisions A means shall be provided in
bottom (complete enclosure) are also subject to the potential eachmetal box for the connection of an equipment grounding
of water infiltration and are not required to comply with conductor. The means shall be permitted to be a tapped hole
3l4.15 covering boxes, conduit bodies, and fittings installed or equivalent.
in wet locations. Since the water that enters the handhole
with a bottom may accumulate, it is necessary to treat the

For device boxes and other standard outlet boxes, the meansinside of the enclosure as a wet location.
provided by the box manufacturer is usually in the form
of a 10-32 tapped hole marked ‘‘GR’’ or ‘‘GRD,’’ or the

(D) Covers Handhole enclosure covers shall have an iden- equivalent, next to the hole. It should be noted, however,
tifying mark or logo that prominently identifies the function that the means provided may not necessarily be used.
of the enclosure, such as ‘‘electric.’’ Handhole enclosure
covers shall require the use of tools to open, or they shall

314.41 Coversweigh over 45 kg (100 lb). Metal covers and other exposed
conductive surfaces shall be bonded in accordance with Metal covers shallbeof the samematerial as theboxorconduit

body with which they are used, or they shall be lined with250.96(A).
firmly attached insulating material that is not less than 0.79
mm(1⁄32 in.) thick, or they shall be listed for the purpose. MetalThis section is new for the 2005 Code. The definition of
covers shall be the same thickness as the boxes or conduithandhole enclosure, found in Article 100, states it is ‘‘an
body for which they are used, or they shall be listed for theenclosure identified for use in underground systems, pro-
purpose. Covers of porcelain or other approved insulatingvided with an open or closed bottom, and sized to allow
materials shall be permitted if of such form and thicknesspersonnel to reach into, but not enter, for the purpose of
as to afford the required protection and strength.
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314.72Article 314 — Outlet, Device, Pull, and Junction Boxes; Conduit Bodies; Fittings; and Handhole Enclosures

This distance shall be increased for additional entries by the314.42 Bushings
amount of the sum of the outside diameters, over sheath, ofCovers of outlet boxes and conduit bodies having holes
all other cables or conductor entries through the same wallthrough which flexible cord pendants may pass shall be
of the box.provided with approved bushings or shall have smooth, well-

rounded surfaces onwhich the cordmay bear.Where individ- Exception No. 1: Where a conductor or cable entry is in the
ual conductors pass through a metal cover, a separate hole wall of a box opposite a removable cover, the distance from
equipped with a bushing of suitable insulating material shall that wall to the cover shall be permitted to be not less than the
be provided for each conductor. Such separate holes shall bending radius for the conductors as provided in 300.34.
be connected by a slot as required by 300.20. Exception No. 2: Where cables are nonshielded and not

lead covered, the distance of 36 times the outside diameter
314.43 Nonmetallic Boxes shall be permitted to be reduced to 24 times the outside
Provisions for supports or other mounting means for nonme- diameter.
tallic boxes shall be outside of the box, or the box shall be

(2) Distance Between Entry and Exit The distance be-constructed so as to prevent contact between the conductors
tween a cable or conductor entry and its exit from the boxin the box and the supporting screws.
shall not be less than 36 times the outside diameter, over
sheath, of that cable or conductor.314.44 Marking
Exception: Where cables are nonshielded and not lead cov-All boxes and conduit bodies, covers, extension rings, plaster
ered, the distance of 36 times the outside diameter shall berings, and the like shall be durably and legibly marked with
permitted to be reduced to 24 times the outside diameter.the manufacturer’s name or trademark.

(C) Removable Sides One or more sides of any pull box
IV. Pull and Junction Boxes for Use on shall be removable.

Systems Over 600 Volts, Nominal
314.72 Construction and Installation

314.70 General Requirements
Where pull and junction boxes are used on systems over (A) Corrosion Protection Boxes shall be made of material
600 volts, the installation shall comply with the provisions inherently resistant to corrosion or shall be suitably pro-
of Part IV and also with the following general provisions tected, both internally and externally, by enameling, galva-
of this article: nizing, plating, or other means.
(1) Part I, 314.2, 314.3, and 314.4 (B) Passing Through Partitions Suitable bushings,
(2) Part II, 314.15; 314.17; 314.20; 314.23(A), (B), or (G); shields, or fittings having smooth, rounded edges shall be

314.28(B); and 314.29 provided where conductors or cables pass through partitions
(3) Part III, 314.40(A) and (C) and 314.41 and at other locations where necessary.

(C) Complete Enclosure Boxes shall provide a complete314.71 Size of Pull and Junction Boxes
enclosure for the contained conductors or cables.Pull and junction boxes shall provide adequate space and

dimensions for the installation of conductors, and they shall (D) Wiring Is Accessible Boxes shall be installed so that
comply with the specific requirements of this section. the wiring is accessible without removing any part of the

building. Working space shall be provided in accordanceException: Terminal housings supplied with motors shall
with 110.34.comply with the provisions of 430.12.

(E) Suitable Covers Boxes shall be closed by suitable cov-
(A) For Straight Pulls The length of the box shall not be

ers securely fastened in place. Underground box covers that
less than 48 times the outside diameter, over sheath, of the

weigh over 45 kg (100 lb) shall be considered meeting this
largest shielded or lead-covered conductor or cable entering

requirement. Covers for boxes shall be permanently marked
the box. The length shall not be less than 32 times the outside

‘‘DANGER — HIGH VOLTAGE — KEEP OUT.’’ The
diameter of the largest nonshielded conductor or cable.

marking shall be on the outside of the box cover and shall
be readily visible. Letters shall be block type and at least(B) For Angle or U Pulls
13 mm (1⁄2 in.) in height.

(1) Distance to Opposite Wall The distance between each
cable or conductor entry inside the box and the opposite (F) Suitable for Expected Handling Boxes and their cov-

ers shall be capable of withstanding the handling to whichwall of the box shall not be less than 36 times the outside
diameter, over sheath, of the largest cable or conductor. they are likely to be subjected.
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320.1 Article 320 — Armored Cable: Type AC

I. GeneralARTICLE 320
320.1 ScopeArmored Cable: Type AC
This article covers the use, installation, and construction
specifications for armored cable, Type AC.Summary of Changes

• 320.10: Added FPN to clarify that the uses permitted list
Type AC (armored) cable is listed by Underwriters Labora-

is not intended to include all of the permitted uses of Type
tories in sizes 14 AWG through 1 AWG copper and 12 AWG

AC cable.
through 1 AWG aluminum or copper-clad aluminum and

• 320.12: Revised to clarify where AC cable is not permitted is rated at 600 volts or less. However, the NEC does not
to be used, specifically identifying locations where the specifically require that Type AC cable be listed. Exhibit
cable is subject to physical damage, where the cable is 320.1 shows an example of Type AC cable.
subject to excessive moisture or dampness, or where the
location is determined to be damp or wet.

• 320.30: Revised to reorganize supporting and securing
requirements. Also clarified permitted installation of cable
in up to a 6-ft unsupported length from the last point
of support to the connection to a luminaire(s) or other
equipment in an accessible ceiling. Added text to permit
Type AC cable fittings to be considered as the last means
of support.

• 320.80: Revised to permit 90�C conductor ampacity to
be used for ampacity adjustment purposes.

Contents
I. General

320.1 Scope
320.2 Definition

II. Installation
320.10 Uses Permitted
320.12 Uses Not Permitted
320.15 Exposed Work
320.17 Through or Parallel to Framing Members Exhibit 320.1 An example of Type AC cable. (Courtesy of AFC

Cable Systems, Inc.)320.23 In Accessible Attics
(A) Where Run Across the Top of Floor Joists
(B) Cable Installed Parallel to Framing Members

320.24 Bending Radius 320.2 Definition
320.30 Securing and Supporting

(A) General Armored Cable, Type AC. A fabricated assembly of insu-
(B) Securing lated conductors in a flexible metallic enclosure. See
(C) Supporting 320.100.
(D) Unsupported Cables

320.40 Boxes and Fittings II. Installation
320.80 Ampacity

320.10 Uses Permitted(A) Thermal Insulation
(B) Cable Tray Type AC cable shall be permitted as follows:

III. Construction Specifications
(1) In both exposed and concealed work320.100 Construction
(2) In cable trays320.104 Conductors
(3) In dry locations320.108 Equipment Grounding
(4) Embedded in plaster finish on brick or other masonry,320.120 Marking

except in damp or wet locations
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320.30Article 320 — Armored Cable: Type AC

(5) To be run or fished in the air voids of masonry block 1.8 m (6 ft) of the nearest edge of the scuttle hole or attic
entrance.or tile walls where such walls are not exposed or subject

to excessive moisture or dampness

In accessible attics, Type AC cable installed across the topFPN: The ‘‘Uses Permitted’’ is not an all-inclusive list.
of floor joists or within 7 ft of the floor or floor joists across
the face of rafters or studs must be protected by guard strips.

An FPN was added for the 2005 Code to clarify that the Where the attic is not accessible by a permanent ladder or
list of uses permitted is not necessarily a complete list. stairs, guard strips are required only within 6 ft of the scuttle

hole or opening.

320.12 Uses Not Permitted
(B) Cable Installed Parallel to Framing MembersType AC cable shall not be used as follows:
Where the cable is installed parallel to the sides of rafters,
studs, or floor joists, neither guard strips nor running boards(1) Where subject to physical damage

(2) In damp or wet locations shall be required, and the installation shall also comply with
300.4(D).(3) In air voids of masonry block or tile walls where such

walls are exposed or subject to excessive moisture or
320.24 Bending Radiusdampness
Bends in Type AC cable shall be made such that the cable(4) Where exposed to corrosive fumes or vapors
is not damaged. The radius of the curve of the inner edge(5) Embedded in plaster finish on brick or other masonry
of any bend shall not be less than five times the diameterin damp or wet locations
of the Type AC cable.

The list of uses not permitted has been changed for the 2005 320.30 Securing and Supporting
Code, clarifying that Type AC cable is not permitted to be

(A) General Type AC cable shall be supported and securedused where it is subject to physical damage and not permitted
by staples, cable ties, straps, hangers, or similar fittings,to be used in damp or wet locations. There are no exceptions
designed and installed so as not to damage the cable.to this list.

Section 320.30 requires that Type AC cable be secured.
Simply draping the cable over air ducts or lower members

320.15 Exposed Work of bar joists, pipes, and ceiling grid members is not permitted.
Exposed runs of cable, except as provided in 300.11(A),
shall closely follow the surface of the building finish or of

(B) Securing Unless otherwise provided, Type AC cablerunning boards. Exposed runs shall also be permitted to be
shall be secured within 300 mm (12 in.) of every outlet box,installed on the underside of joists where supported at each
junction box, cabinet, or fitting and at intervals not exceedingjoist and located so as not to be subject to physical damage.
1.4 m (41⁄2 ft) where installed on or across framing members.

(C) Supporting Unless otherwise provided, Type AC cable320.17 Through or Parallel to
shall be supported at intervals not exceeding 1.4 m (41⁄2 ft).Framing Members

Horizontal runs of Type AC cable installed in woodenType AC cable shall be protected in accordance with
or metal framing members or similar supporting means shall300.4(A), (C), and (D) where installed through or parallel
be considered supported where such support does not exceedto framing members.
1.4-m (41⁄2-ft) intervals.

320.23 In Accessible Attics
Section 320.30(C) permits Type AC cable, where run hori-

Type AC cables in accessible attics or roof spaces shall be zontally through framing members, to be passed through
installed as specified in 320.23(A) and (B). bored or punched holes in framing members without addi-

tional securing, provided the cable is secured within 12 in.(A) Where Run Across the Top of Floor Joists Where
of the outlet and the framing members are less than 54 in.run across the top of floor joists, or within 2.1 m (7 ft) of
apart.floor or floor joists across the face of rafters or studding, in

attics and roof spaces that are accessible, the cable shall be
protected by substantial guard strips that are at least as high (D) Unsupported Cables Type AC cable shall be permit-

ted to be unsupported where the cable complies with anyas the cable. Where this space is not accessible by permanent
stairs or ladders, protection shall only be required within of the following:
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320.40 Article 320 — Armored Cable: Type AC

(1) Is fished between access points through concealed brings this section into harmony with 334.80 for Type NM
spaces in finished buildings or structures and supporting cable and clarifies that the 90�C degree insulation may be
is impracticable used for derating purposes.

(2) Is not more than 600 mm (2 ft) in length at terminals Cable marked ‘‘ACTH’’ indicates an armored cable
where flexibility is necessary rated 75�C and employing conductors having thermoplastic

(3) Is not more than 1.8 m (6 ft) in length from the last insulation. Cable marked ‘‘ACTHH’’ indicates an armored
point of cable support to the point of connection to cable rated 90�C and employing conductors having thermo-
a luminaire(s) [lighting fixture(s)] or other electrical plastic insulation. Cable marked ‘‘ACHH’’ indicates ar-
equipment and the cable and point of connection are mored cable rated 90�C and employing conductors having
within an accessible ceiling. For the purposes of this thermosetting insulation.
section, Type AC cable fittings shall be permitted as a
means of cable support.

(B) Cable Tray The ampacity of Type AC cable installed
Section 320.30(D)(3) has been editorially revised for the in cable tray shall be determined in accordance with 392.11.
2005 Code. This section now points out that these permitted
runs of Type AC cable (in lengths up to 6 ft) must be in an III. Construction Specifications
accessible ceiling.

320.100 Construction
Type AC cable shall have an armor of flexible metal tape and

320.40 Boxes and Fittings shall have an internal bonding strip of copper or aluminum in
intimate contact with the armor for its entire length.At all points where the armor of AC cable terminates, a

fitting shall be provided to protect wires from abrasion,
unless the design of the outlet boxes or fittings is such as The armor of Type AC cable is recognized as an equipment
to afford equivalent protection, and, in addition, an insulating grounding conductor by 250.118. The required internal
bushing or its equivalent protection shall be provided be- bonding strip can be simply cut off at the termination of the
tween the conductors and the armor. The connector or clamp armored cable, or it can be bent back on the armor. It is not
by which the Type AC cable is fastened to boxes or cabinets necessary to connect it to an equipment grounding terminal.
shall be of such design that the insulating bushing or its It reduces the inductive reactance of the spiral armor and
equivalent will be visible for inspection. Where change is increases the armor’s effectiveness as an equipment ground.
made from Type AC cable to other cable or raceway wiring Many installers use this strip to help prevent the insulating
methods, a box, fitting, or conduit body shall be installed bushing required by 320.40 (the ‘‘red head’’) from falling
at junction points as required in 300.15. out during rough wiring.

Armored cable connectors are considered suitable for equip-
320.104 Conductorsment grounding if installed in accordance with 300.10.
Insulated conductors shall be of a type listed in Table 310.13
or those identified for use in this cable. In addition, the

320.80 Ampacity conductors shall have an overall moisture-resistant and fire-
retardant fibrous covering. For Type ACT, a moisture-The ampacity shall be determined by 310.15.
resistant fibrous covering shall be required only on the indi-
vidual conductors.(A) Thermal Insulation Armored cable installed in ther-

mal insulation shall have conductors rated at 90�C (194�F).
The ampacity of cable installed in these applications shall 320.108 Equipment Grounding
be that of 60�C (140�F) conductors. The 90�C (194�F) rating Type AC cable shall provide an adequate path for equipment
shall be permitted to be used for ampacity derating purposes, grounding as required by 250.4(A)(5) or 250.4(B)(4).
provided the final derated ampacity does not exceed that for
a 60�C (140�F) rated conductor.

320.120 Marking
The cable shall be marked in accordance with 310.11, exceptThe requirements for armored cable installed in thermal
that Type AC shall have ready identification of the manufac-insulation recognize the decrease in heat dissipation capabil-
turer by distinctive external markings on the cable sheathity of cables. New for the 2005 Code, the last sentence
throughout its entire length.

2005 National Electrical Code Handbook338

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



322.10Article 322 — Flat Cable Assemblies: Type FC

ARTICLE 322
Flat Cable Assemblies: Type FC

Contents
I. General

322.1 Scope
322.2 Definition

II. Installation
322.10 Uses Permitted
322.12 Uses Not Permitted
322.30 Securing and Supporting
322.40 Boxes and Fittings

(A) Dead Ends
(B) Luminaire (Fixture) Hangers
(C) Fittings
(D) Extensions

322.56 Splices and Taps
(A) Splices
(B) Taps

III. Construction
322.100 Construction
322.104 Conductors
322.112 Insulation
322.120 Marking

(A) Temperature Rating
(B) Identification of Grounded Conductor
(C) Terminal Block Identification

Cable Channel

Fixture hanger Channel hanger

Channel couplingEnd cap/puller

Cable pull-in guide

I. General
Exhibit 322.1 Basic components and accessories used for an

322.1 Scope installation of Type FC cable assembly. (Redrawn from The Wire-
mold Co.)This article covers the use, installation, and construction

specifications for flat cable assemblies, Type FC.

Type FC (flat) cable is an assembly of three or four parallel specifically designed for field installation in surface metal
10 AWG special stranded copper wires formed integrally raceway.
with an insulating material web. The cable is marked with
the size of the maximum branch circuit to which it may II. Installation
be connected, the cable type designation, manufacturer’s

322.10 Uses Permittedidentification, maximum working voltage, conductor size,
Flat cable assemblies shall be permitted only as follows:and temperature rating. A marking accompanying the cable

on a tag or reel indicates the special metal raceways and (1) As branch circuits to supply suitable tap devices for
specific FC cable fittings with which the cable is intended lighting, small appliances, or small power loads. The
to be used. Exhibits 322.1 and 322.2 show the basic compo- rating of the branch circuit shall not exceed 30 amperes.
nents of this wiring method. (2) Where installed for exposed work.

(3) In locations where they will not be subjected to physical
damage. Where a flat cable assembly is installed less

322.2 Definition than 2.5 m (8 ft) above the floor or fixed working
platform, it shall be protected by a cover identified forFlat Cable Assembly, Type FC. An assembly of parallel

conductors formed integrally with an insulating material web the use.
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322.12 Article 322 — Flat Cable Assemblies: Type FC

(B) Luminaire (Fixture) Hangers Luminaire (fixture)
hangers installed with the flat cable assemblies shall be
identified for the use.

(C) Fittings Fittings to be installed with flat cable assem-
blies shall be designed and installed to prevent physical
damage to the cable assemblies.

(D) Extensions All extensions from flat cable assemblies
shall be made by approved wiring methods, within the junc-
tion boxes, installed at either end of the flat cable assembly
runs.

322.56 Splices and Taps
(A) Splices Splices shall be made in listed junction boxes.

(B) Taps Taps shall be made between any phase conductor
and the grounded conductor or any other phase conductor
by means of devices and fittings identified for the use. Tap
devices shall be rated at not less than 15 amperes, or more
than 300 volts to ground, and shall be color-coded in accor-
dance with the requirements of 322.120(C).

Exhibit 322.2 A fixture hanger used with Type FC cable assem- III. Construction
bly. (Courtesy of The Wiremold Co.)

322.100 Construction
Flat cable assemblies shall consist of two, three, four, or
five conductors.

(4) In surface metal raceways identified for the use. The
channel portion of the surface metal raceway systems 322.104 Conductors
shall be installed as complete systems before the flat Flat cable assemblies shall have conductors of 10 AWG
cable assemblies are pulled into the raceways. special stranded copper wires.

322.12 Uses Not Permitted 322.112 Insulation
Flat cable assemblies shall not be used as follows: The entire flat cable assembly shall be formed to provide a

suitable insulation covering all the conductors and using(1) Where subject to corrosive vapors unless suitable for
one of the materials recognized in Table 310.13 for generalthe application
branch-circuit wiring.(2) In hoistways or on elevators or escalators

(3) In any hazardous (classified) location 322.120 Marking
(4) Outdoors or in wet or damp locations unless identified

(A) Temperature Rating In addition to the provisions offor the use
310.11, Type FC cable shall have the temperature rating
durably marked on the surface at intervals not exceeding322.30 Securing and Supporting
600 mm (24 in.).

The flat cable assemblies shall be supported by means of
(B) Identification of Grounded Conductor The groundedtheir special design features, within the surface metal race-
conductor shall be identified throughout its length by meansways.
of a distinctive and durable white or gray marking.The surface metal raceways shall be supported as re-

quired for the specific raceway to be installed. FPN: The color gray may have been used in the past as
an ungrounded conductor. Care should be taken when
working on existing systems.322.40 Boxes and Fittings

(C) Terminal Block Identification Terminal blocks iden-(A) Dead Ends Each flat cable assembly dead end shall
be terminated in an end-cap device identified for the use. tified for the use shall have distinctive and durable markings

for color or word coding. The grounded conductor sectionThe dead-end fitting for the enclosing surface metal
raceway shall be identified for the use. shall have a white marking or other suitable designation.
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324.2Article 324 — Flat Conductor Cable: Type FCC

The next adjacent section of the terminal block shall have
III. Constructiona black marking or other suitable designation. The next

324.100 Constructionsection shall have a red marking or other suitable designa-
(A) Type FCC Cabletion. The final or outer section, opposite the grounded con-
(B) Shieldsductor section of the terminal block, shall have a blue

324.101 Corrosion Resistancemarking or other suitable designation.
324.112 Insulation
324.120 Markings

(A) Cable MarkingARTICLE 324
(B) Conductor Identification

Flat Conductor Cable: Type FCC

I. General
Summary of Changes

324.1 Scope• 324.6: New requirement that Type FCC cable be listed.
This article covers a field-installed wiring system for branch• 324.101: New requirement for corrosion resistance of
circuits incorporating Type FCC cable and associated acces-metal components.
sories as defined by the article. The wiring system is designed
for installation under carpet squares.

Contents The FCC (flat conductor cable) system is designed to provide
I. General a completely accessible, flexible power system. As shown in

324.1 Scope Exhibit 324.1, it also provides an easy method for reworking
324.2 Definitions obsolete wiring systems currently in use in many office
324.6 Listing Requirements facilities. The carpet squares are not permitted to be larger

II. Installation than 36 in. � 36 in. to comply with 324.10(H). This limita-
324.10 Uses Permitted tion is judged necessary to provide ready access to the cable

(A) Branch Circuits by lifting a carpet square. It also reduces the likelihood of
(B) Branch-Circuit Ratings damage to the cable by an individual cutting through the
(C) Floors carpet above the cable with a knife or razor blade and possi-
(D) Walls bly penetrating the top shield of the cable in the process.
(E) Damp Locations
(F) Heated Floors
(G) System Height
(H) Coverings
(I) Corrosion Resistance
(J) Metal-Shield Connectors

324.12 Uses Not Permitted
324.18 Crossings
324.30 Securing and Supporting
324.40 Boxes and Fittings

(A) Cable Connections and Insulating Ends
(B) Polarization of Connections
(C) Shields
(D) Connection to Other Systems
(E) Metal-Shield Connectors

324.41 Floor Coverings
324.42 Devices

Exhibit 324.1 Type FCC cable installed beneath carpet squares.(A) Receptacles
(Courtesy of Tyco Electronics Corp.)(B) Receptacles and Housings

324.56 Splices and Taps
(A) FCC Systems Alterations 324.2 Definitions
(B) Transition Assemblies

Bottom Shield. A protective layer that is installed between324.60 Grounding
the floor and Type FCC flat conductor cable to protect the
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324.6 Article 324 — Flat Conductor Cable: Type FCC

(C) Floors Use of FCC systems shall be permitted on hard,cable from physical damage and may or may not be incorpo-
rated as an integral part of the cable. sound, smooth, continuous floor surfaces made of concrete,

ceramic, or composition flooring, wood, and similar
Cable Connector. A connector designed to join Type FCC materials.
cables without using a junction box.

(D) Walls Use of FCC systems shall be permitted on wall
FCC System. A complete wiring system for branch circuits surfaces in surface metal raceways.
that is designed for installation under carpet squares. The
FCC system includes Type FCC cable and associated (E) Damp Locations Use of FCC systems in damp loca-
shielding, connectors, terminators, adapters, boxes, and re- tions shall be permitted.
ceptacles.

(F) Heated Floors Materials used for floors heated in ex-
Insulating End. An insulator designed to electrically insu- cess of 30�C (86�F) shall be identified as suitable for use at
late the end of a Type FCC cable. these temperatures.

Metal Shield Connections. Means of connection designed (G) System Height Any portion of an FCC system with a
to electrically and mechanically connect a metal shield to height above floor level exceeding 2.3 mm (0.090 in.) shall
another metal shield, to a receptacle housing or self- be tapered or feathered at the edges to floor level.
contained device, or to a transition assembly.

(H) Coverings Floor-mounted Type FCC cable, cable con-
Top Shield. A grounded metal shield covering under-carpet nectors, and insulating ends shall be covered with carpet
components of the FCC system for the purposes of providing squares not larger than 914 mm (36 in.) square. Carpet
protection against physical damage. squares that are adhered to the floor shall be attached with

release-type adhesives.Transition Assembly. An assembly to facilitate connection
of the FCC system to other wiring systems, incorporating (I) Corrosion Resistance Metal components of the system
(1) a means of electrical interconnection and (2) a suitable shall be either corrosion resistant, coated with corrosion-
box or covering for providing electrical safety and protection resistant materials, or insulated from contact with corrosive
against physical damage. substances.

Type FCC Cable. Three or more flat copper conductors (J) Metal-Shield Connectors Metal shields shall be con-
placed edge-to-edge and separated and enclosed within an nected to each other and to boxes, receptacle housings, self-
insulating assembly. contained devices, and transition assemblies using metal-

shield connectors.
324.6 Listing Requirements

324.12 Uses Not PermittedType FCC cable and associated fittings shall be listed.

FCC systems shall not be used in the following locations:
This listing requirement for Type FCC cable and fittings is

(1) Outdoors or in wet locations
new for the 2005 Code.

(2) Where subject to corrosive vapors
(3) In any hazardous (classified) location
(4) In residential, school, and hospital buildingsII. Installation

324.10 Uses Permitted Section 324.12(4) prohibits Type FCC wiring systems
throughout school and hospital buildings, even though parts(A) Branch Circuits Use of FCC systems shall be permit-
of these buildings may be office or administrative spaces.ted both for general-purpose and appliance branch circuits

and for individual branch circuits.

324.18 Crossings(B) Branch-Circuit Ratings
Crossings of more than two Type FCC cable runs shall not(1) Voltage Voltage between ungrounded conductors shall
be permitted at any one point. Crossings of a Type FCCnot exceed 300 volts. Voltage between ungrounded conduc-
cable over or under a flat communications or signal cabletors and the grounded conductor shall not exceed 150 volts.
shall be permitted. In each case, a grounded layer of metal
shielding shall separate the two cables, and crossings of(2) Current General-purpose and appliance branch circuits

shall have ratings not exceeding 20 amperes. Individual more than two flat cables shall not be permitted at any one
point.branch circuits shall have ratings not exceeding 30 amperes.
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324.100Article 324 — Flat Conductor Cable: Type FCC

for in-wall or on-wall mounting shall be permitted for use324.30 Securing and Supporting
with the FCC system. Receptacle housings and self-All FCC system components shall be firmly anchored to the
contained devices shall incorporate means for facilitatingfloor or wall using an adhesive or mechanical anchoring
entry and termination of Type FCC cable and for electricallysystem identified for this use. Floors shall be prepared to
connecting the housing or device with the metal shield.ensure adherence of the FCC system to the floor until the
Receptacles and self-contained devices shall comply withcarpet squares are placed.
406.3. Power and communications outlets installed together
in common housing shall be permitted in accordance with324.40 Boxes and Fittings
800.133(A)(1)(c), Exception No. 2.

(A) Cable Connections and Insulating Ends All Type
FCC cable connections shall use connectors identified for

324.56 Splices and Tapstheir use, installed such that electrical continuity, insulation,
(A) FCC Systems Alterations Alterations to FCC systemsand sealing against dampness and liquid spillage are pro-
shall be permitted. New cable connectors shall be used atvided. All bare cable ends shall be insulated and sealed
new connection points to make alterations. It shall be permit-against dampness and liquid spillage using listed insulating
ted to leave unused cable runs and associated cable connec-ends.
tors in place and energized. All cable ends shall be covered

(B) Polarization of Connections All receptacles and con- with insulating ends.
nections shall be constructed and installed so as to maintain
proper polarization of the system. (B) Transition Assemblies All transition assemblies shall

be identified for their use. Each assembly shall incorporate
(C) Shields means for facilitating entry of the Type FCC cable into the
(1) Top Shield A metal top shield shall be installed over all assembly, for connecting the Type FCC cable to grounded
floor-mounted Type FCC cable, connectors, and insulating conductors, and for electrically connecting the assembly to
ends. The top shield shall completely cover all cable runs, the metal cable shields and to equipment grounding conduc-
corners, connectors, and ends. tors.

(2) Bottom Shield A bottom shield shall be installed be-
324.60 Groundingneath all Type FCC cable, connectors, and insulating ends.
All metal shields, boxes, receptacle housings, and self-con-

(D) Connection to Other Systems Power feed, grounding tained devices shall be electrically continuous to the equip-
connection, and shield system connection between the FCC ment grounding conductor of the supplying branch circuit.
system and other wiring systems shall be accomplished in All such electrical connections shall be made with connec-
a transition assembly identified for this use. tors identified for this use. The electrical resistivity of such

shield system shall not be more than that of one conductor(E) Metal-Shield Connectors Metal shields shall be con-
of the Type FCC cable used in the installation.nected to each other and to boxes, receptacle housings, self-

contained devices, and transition assemblies using metal-
III. Constructionshield connectors.

324.100 Construction
324.41 Floor Coverings

(A) Type FCC Cable Type FCC cable shall be listed for
Floor-mounted Type FCC cable, cable connectors, and insu- use with the FCC system and shall consist of three, four, or
lating ends shall be covered with carpet squares not larger five flat copper conductors, one of which shall be an equip-
than 914 mm (36 in.) square. Carpet squares that are adhered ment grounding conductor.
to the floor shall be attached with release-type adhesives.

Section 324.100 requires all FCC cables to be listed. There324.42 Devices
was no listing requirement for FCC cable prior to the 1996

(A) Receptacles All receptacles, receptacle housings, and Code.
self-contained devices used with the FCC system shall be
identified for this use and shall be connected to the Type FCC
cable and metal shields. Connection from any grounding (B) Shields
conductor of the Type FCC cable shall be made to the shield

(1) Materials and Dimensions All top and bottom shieldssystem at each receptacle.
shall be of designs and materials identified for their use.
Top shields shall be metal. Both metallic and nonmetallic(B) Receptacles and Housings Receptacle housings and

self-contained devices designed either for floor mounting or materials shall be permitted for bottom shields.
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324.101 Article 326 — Integrated Gas Spacer Cable: Type IGS

I. General(2) Resistivity Metal shields shall have cross-sectional
areas that provide for electrical resistivity of not more than 326.1 Scope
that of one conductor of the Type FCC cable used in the

This article covers the use, installation, and constructioninstallation.
specifications for integrated gas spacer cable, Type IGS.

324.101 Corrosion Resistance
As illustrated in Exhibit 326.1, Type IGS (integrated gas

Metal components of the system shall be either corrosion
spacer) cable consists of solid aluminum rod conductors,

resistant, coated with corrosion-resistant materials, or insu-
250-kcmil minimum size. These conductors are insulated

lated from contact with corrosive substances.
with dry kraft paper and are factory installed in a medium-
density polyethylene gas pipe, minimum trade size 2, which

324.112 Insulation is then filled with sulfur hexafluoride (SF6) gas at a pressure
of approximately 20 psi.The insulating material of the cable shall be moisture resis-

tant and flame retardant. All insulating materials in the FCC
systems shall be identified for their use.

324.120 Markings
(A) Cable Marking Type FCC cable shall be clearly and
durably marked on both sides at intervals of not more than
610 mm (24 in.) with the information required by 310.11(A)
and with the following additional information:

(1) Material of conductors
(2) Maximum temperature rating
(3) Ampacity

Polyethylene 
conduit

SF6 gas

Aluminum 
shield tape

Aluminum tape 
strand shield 

Continuous kraft 
paper spacer

Aluminum rod 
conductor 

(B) Conductor Identification Conductors shall be clearly
and durably identified on both sides throughout their length Exhibit 326.1 Cross section of single-conductor, 4750-kcmil
as specified in 310.12. Type IGS cable.

326.2 DefinitionARTICLE 326
Integrated Gas Spacer Cable, Type IGS. A factory assem-Integrated Gas Spacer Cable:
bly of one or more conductors, each individually insulated

Type IGS and enclosed in a loose fit, nonmetallic flexible conduit as
an integrated gas spacer cable rated 0 through 600 volts.

Contents
II. Installation

I. General
326.10 Uses Permitted326.1 Scope

326.2 Definition Type IGS cable shall be permitted for use under ground,
II. Installation including direct burial in the earth, as the following:

326.10 Uses Permitted
(1) Service-entrance conductors326.12 Uses Not Permitted
(2) Feeder or branch-circuit conductors326.24 Bending Radius

326.26 Bends
326.40 Fittings 326.12 Uses Not Permitted
326.80 Ampacity Type IGS cable shall not be used as interior wiring or be

III. Construction Specifications exposed in contact with buildings.
326.104 Conductors
326.112 Insulation 326.24 Bending Radius
326.116 Conduit

Where the coilable nonmetallic conduit and cable is bent326.120 Marking
for installation purposes or is flexed or bent during shipment
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326.120Article 328 — Medium Voltage Cable: Type MV

or installation, the radii of bends measured to the inside of use. The nominal gas pressure shall be 138 kPa gauge (20
pounds per square inch gauge). The thickness of the paperthe bend shall not be less than specified in Table 326.24.
spacer shall be as specified in Table 326.112.

Table 326.24 Minimum Radii of Bends

Table 326.112 Paper Spacer ThicknessConduit Size Minimum Radii

ThicknessMetric Designator Trade Size mm in.

Size (kcmil) mm in.53 2 600 24
78 3 900 35

250–1000 1.02 0.040103 4 1150 45
1250–4750 1.52 0.060

326.26 Bends
A run of Type IGS cable between pull boxes or terminations 326.116 Conduit
shall not contain more than the equivalent of four quarter

The conduit shall be a medium density polyethylene identi-bends (360 degrees total), including those bends located
fied as suitable for use with natural gas rated pipe in metricimmediately at the pull box or terminations.
designator 53, 78, or 103 (trade size 2, 3, or 4). The percent
fill dimensions for the conduit are shown in Table 326.116.326.40 Fittings

Terminations and splices for Type IGS cable shall be identi-
Table 326.116 Conduit Dimensionsfied as a type that is suitable for maintaining the gas pressure

within the conduit. A valve and cap shall be provided for
Actualeach length of the cable and conduit to check the gas pressure

Conduit Size Outside Actual Inside
or to inject gas into the conduit. Diameter Diameter

Metric Trade
Designator Size mm in. mm in.326.80 Ampacity

The ampacity of Type IGS cable shall not exceed the values 53 2 60 2.375 49.46 1.947
shown in Table 326.80. 78 3 89 3.500 73.30 2.886

103 4 114 4.500 94.23 3.710
Table 326.80 Ampacity of Type IGS Cable

Size (kcmil) Amperes Size (kcmil) Amperes The size of the conduit permitted for each conductor
size shall be calculated for a percent fill not to exceed those250 119 2500 376
found in Table 1, Chapter 9.500 168 3000 412

750 206 3250 429
1000 238 3500 445 326.120 Marking
1250 266 3750 461

The cable shall be marked in accordance with 310.11(A),1500 292 4000 476
310.11(B)(1), and 310.11(D).1750 315 4250 491

2000 336 4500 505
2250 357 4750 519

ARTICLE 328
III. Construction Specifications Medium Voltage Cable: Type MV
326.104 Conductors
The conductors shall be solid aluminum rods, laid parallel, Summary of Changes
consisting of one to nineteen 12.7 mm (1⁄2 in.) diameter rods. • 328.10: Added FPN to clarify that the uses permitted list
The minimum conductor size shall be 250 kcmil, and the is not intended to include all of the permitted uses of Type
maximum size shall be 4750 kcmil. MV cable.

• 328.12: Revised to permit cable tray use if specified in326.112 Insulation
392(B)(2), and to add direct burial unless in accordance

The insulation shall be dry kraft paper tapes and a pressurized with 300.50.
sulfur hexafluoride gas (SF6), both approved for electrical
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328.1 Article 330 — Metal-Clad Cable: Type MC

(1) Where exposed to direct sunlight
Contents (2) In cable trays, unless specified in 392.3(B)(2)

I. General (3) Direct buried, unless in accordance with 300.50
328.1 Scope
328.2 Definition Type MV cables intended for installation in cable trays in

II. Installation accordance with Article 392 are marked ‘‘For CT Use’’ or
328.10 Uses Permitted ‘‘For Use in Cable Trays.’’
328.12 Uses Not Permitted
328.80 Ampacity

328.80 AmpacityIII. Construction Specifications
328.100 Construction The ampacity of Type MV cable shall be determined in
328.120 Marking accordance with 310.60. The ampacity of Type MV cable

installed in cable tray shall be determined in accordance
with 392.13.

I. General
III. Construction Specifications

328.1 Scope
328.100 Construction

This article covers the use, installation, and construction
Type MV cables shall have copper, aluminum, or copper-specifications for medium voltage cable, Type MV.
clad aluminum conductors and shall comply with Table
310.61 and Tables 310.63 or 310.64.

Type MV (medium voltage) cables are rated 2001 to
35,000 volts. Cables rated 2001 to 8000 volts may be

Cables with aluminum conductors are marked with the wordshielded or nonshielded. All insulated conductors 8001
Aluminum or the letters AL.volts and higher have electrostatic shielding. When non-

shielded cables are used, they must comply with the
exception to 310.6. If these cables are installed in under- 328.120 Marking
ground conduits, they must be encased in 3 in. of concrete

Medium voltage cable shall be marked as required by 310.11.
to comply with 300.50(A)(2).

Cables are marked with their conductor size, voltage rating,
and insulation level (100 percent or 133 percent).328.2 Definition

Medium Voltage Cable, Type MV. A single or multicon-
ductor solid dielectric insulated cable rated 2001 volts or ARTICLE 330
higher. Metal-Clad Cable: Type MC

II. Installation
Summary of Changes

328.10 Uses Permitted • 330.10: Added new FPN to clarify that the uses permitted
Type MV cable shall be permitted for use on power systems list is not intended to include all of the permitted uses of
rated up to 35,000 volts nominal as follows: Type MC cable.

• 330.12: Revised to add where subject to physical damage(1) In wet or dry locations
as a use that is not permitted. New fine print note added(2) In raceways
to indicate that Type MC cable identified for direct burial(3) In cable trays as specified in 392.3(B)(2)
is suitable for installation in concrete.(4) Direct buried in accordance with 300.50

• 330.30: Revised to reorganize supporting and securing(5) In messenger-supported wiring
requirements. Also clarified permitted installation of cable
in up to a 6-ft unsupported length from the last pointFPN: The ‘‘Uses Permitted’’ is not an all-inclusive list.
of support to the connection to a luminaire(s) or other
equipment in an accessible ceiling. Added text indicating328.12 Uses Not Permitted
that Type MC cable fittings can be considered as the last

Unless identified for the use, Type MV cable shall not be means of support.
used as follows:
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330.10Article 330 — Metal-Clad Cable: Type MC

fiber members enclosed in an armor of interlocking metal
Contents tape, or a smooth or corrugated metallic sheath.
I. General

330.1 Scope Type MC (metal-clad) cable is rated for use up to 2000 volts
330.2 Definition and is listed in sizes 18 AWG and larger for copper and 12

II. Installation AWG and larger for aluminum or copper-clad aluminum, and
330.10 Uses Permitted it employs thermoset or thermoplastic insulated conductors.
(A) General Uses Composite electrical MC and optical fiber cables are permit-
(B) Specific Uses ted by 770.9(C) and are marked ‘‘MC-OF.’’ See Exhibit

330.12 Uses Not Permitted 770.2 for an example.
330.17 Through or Parallel to Framing Members Type MC cable must be marked with the maximum
330.23 In Accessible Attics rated voltage, the proper insulation type letter or letters, and
330.24 Bending Radius the AWG size or circular mil area. This marking may be on a
(A) Smooth Sheath marker tape locatedwithin the cable and running its complete
(B) Interlocked-Type Armor or Corrugated Sheath length, or, if the metallic covering is of smooth construction
(C) Shielded Conductors that permits surface marking, the MC cable may be durably

330.30 Securing and Supporting marked on the outer covering at intervals not exceeding 24
(A) General in. For MC cable with an outer nonmetallic covering, the

marking is permitted on the surface of the nonmetallic jacket.(B) Securing
See 310.11 for marking requirements.(C) Supporting

Type MC cable is available in three designs: interlocked(D) Unsupported Cables
metal tape, corrugated metal tube, and smooth metal tube.330.31 Single Conductors
A nonmetallic jacket may be provided over the metal sheath.330.40 Boxes and Fitting
Cables suitable for use in cable trays, direct sunlight, or direct330.80 Ampacity
burial applications are so marked. Type MC cable includes(A) Type MC Cable Installed in Cable Tray
Type CS (copper sheath) and Type ALS (aluminum sheath).(B) Single Type MC Conductors Grouped
Exhibit 330.1 shows some examples of Type MC cable.Together

III. Construction Specifications
330.104 Conductors
330.108 Equipment Grounding
330.112 Insulation

(A) 600 Volts
(B) Over 600 Volts

330.116 Sheath

I. General
330.1 Scope
This article covers the use, installation, and construction
specifications of metal-clad cable, Type MC.

The basic standard to investigate products in this category
is UL 1569, Standard for Metal-Clad Cables. Summary

Exhibit 330.1 Examples of Type MC cable. (Courtesy of AFC
information regarding listed metal-clad cable may be found Cable Systems, Inc.)
in the UL General Information for Electrical Equipment
Directory under category PJAZ.

II. Installation
330.2 Definition 330.10 Uses Permitted
Metal Clad Cable, Type MC. A factory assembly of one (A) General Uses Type MC cable shall be permitted as

follows:or more insulated circuit conductors with or without optical
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330.12 Article 330 — Metal-Clad Cable: Type MC

330.12 Uses Not Permitted(1) For services, feeders, and branch circuits
(2) For power, lighting, control, and signal circuits Type MC cable shall not be used where exposed to the
(3) Indoors or outdoors following destructive corrosive conditions, unless the metal-
(4) Exposed or concealed lic sheath is suitable for the conditions or is protected by
(5) To be direct buried where identified for such use material suitable for the conditions:
(6) In cable tray where identified for such use

(1) Where subject to physical damage
(7) In any raceway

(2) Direct burial in the earth
(8) As aerial cable on a messenger

(3) In concrete
(9) In hazardous (classified) locations as permitted

FPN to (3): MC cable that is identified for direct burial(10) In dry locations and embedded in plaster finish on brick
applications is suitable for installation in concrete.

or other masonry except in damp or wet locations
(4) Where subject to cinder fills, strong chlorides, caustic(11) In wet locations where any of the following conditions

alkalis, or vapors of chlorine or of hydrochloric acidsare met:

a. The metallic covering is impervious to moisture.
The list of uses not permitted was changed for the 2005b. A lead sheath or moisture-impervious jacket is pro-
Code. One such change clarifies that Type MC cable is notvided under the metal covering.
permitted to be used where it is subject to physical damage.c. The insulated conductors under the metallic covering

are listed for use in wet locations.
330.17 Through or Parallel to(12) Where single-conductor cables are used, all phase con-

ductors and, where used, the neutral conductor shall be Framing Members
grouped together to minimize induced voltage on the Type MC cable shall be protected in accordance with
sheath. 300.4(A), (C), and (D) where installed through or parallel

to framing members.
Single-conductor Type MC cable is permitted to be used

330.23 In Accessible Atticsaccording to 330.10(A)(12). This single-conductor wiring
The installation of Type MC cable in accessible attics ormethod was introduced in the 2002 NEC. Installation prac-
roof spaces shall also comply with 320.23.tice for single-conductor wiring methods dictates close cir-

cuit conductor spacing not only to minimize induced voltage
on the sheath, but also to minimize overall circuit impedance. In accessible attics, Type MC cable installed across the top

of floor joists or within 7 ft of the floor or floor joists across
the face of rafters or studs must be protected by guard strips.(B) Specific Uses Type MC cable shall be permitted to be
Where the attic is not accessible by a permanent ladder orinstalled in compliance with Parts II and III of Article 725
stairs, guard strips are required only within 6 ft of the scuttleand 770.133 as applicable and in accordance with
hole or opening.330.10(B)(1) through (B)(4).

(1) Cable Tray Type MC cable installed in cable tray shall
330.24 Bending Radiuscomply with 392.3, 392.4, 392.6, and 392.8 through 392.13.
Bends in Type MC cable shall be so made that the cable

(2) Direct Buried Direct-buried cable shall comply with will not be damaged. The radius of the curve of the inner
300.5 or 300.50, as appropriate. edge of any bend shall not be less than required in 330.24(A)

through (C).(3) Installed as Service-Entrance Cable Type MC cable
installed as service-entrance cable shall be permitted in ac-
cordance with 230.43. The minimum bending radius of 12 times the outside diame-

ter (OD) of a single shielded conductor [330.24(A)(2)] is(4) Installed Outside of Buildings or as Aerial Cable
consistent with Insulated Cable Engineers AssociationType MC cable installed outside of buildings or as aerial
(ICEA) [formerly Insulated Power Cable Engineers Associa-cable shall comply with 225.10, 396.10, and 396.12.
tion (IPCEA)] requirements and good engineering practice.

FPN: The ‘‘Uses Permitted’’ is not an all-inclusive list.
The same minimum on a shielded multiconductor cable,
however, would be excessive.

An FPN was added for the 2005 Code clarifying that the
list of uses permitted is not necessarily a complete list.

(A) Smooth Sheath
Editorial changes for the 2005 Code stating more specific

(1) Ten times the external diameter of the metallic sheath forcross references were also made in 330.10(B).
cable not more than 19 mm (3⁄4 in.) in external diameter
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330.31Article 330 — Metal-Clad Cable: Type MC

(2) Twelve times the external diameter of the metallic sheath
for cable more than 19 mm (3⁄4 in.) but not more than 38
mm (11⁄2 in.) in external diameter

(3) Fifteen times the external diameter of the metallic sheath
for cable more than 38 mm (11⁄2 in.) in external diameter

(B) Interlocked-Type Armor or Corrugated Sheath
Seven times the external diameter of the metallic sheath.

(C) Shielded Conductors Twelve times the overall diame-
ter of one of the individual conductors or seven times the
overall diameter of the multiconductor cable, whichever is
greater.

330.30 Securing and Supporting
(A) General Type MC cable shall be supported and secured
by staples, cable ties, straps, hangers, or similar fittings or
other approved means designed and installed so as not to
damage the cable.

Type MC cable that runs horizontally through or on framing
members or racks (spaced less than 6 ft apart) without addi-
tional securing is considered supported. Cable ties are not
required as the cable passes through or on these members.
However, the MC cable must be secured (fastened in place)
within 12 in. of the outlet box.

Section 330.30(A) contains the general support require-
ments for Type MC cable, that is, supported and secured at
least every 6 ft.

(B) Securing Unless otherwise provided, cables shall be
secured at intervals not exceeding 1.8 m (6 ft). Cables con-
taining four or fewer conductors sized no larger than 10

Outlet
box

Type MC cable

6 ft

12 in.

Supports
required
in new
construction

AWG shall be secured within 300 mm (12 in.) of every box,
cabinet, fitting, or other cable termination. Exhibit 330.2 An application of 330.30(A) and 330.30(B), show-

ing Type MC cable supported and secured at intervals not ex-
ceeding 6 ft and within 12 in. of the box.According to 330.30(B), MC cable containing four or fewer

conductors of size 10 AWG or less is required to be secured
within 12 in. from every box, cabinet, or fitting. Both require-

(2) Is not more than 1.8 m (6 ft) in length from the last
ments are illustrated in Exhibit 330.2.

point of cable support to the point of connection to a
luminaire (lighting fixture) or other piece of electrical
equipment and the cable and point of connection are(C) Supporting Unless otherwise provided, cables shall be
within an accessible ceiling. For the purpose of thissupported at intervals not exceeding 1.8-m (6-ft).
section, Type MC cable fittings shall be permitted as aHorizontal runs of Type MC cable installed in wooden
means of cable support.or metal framing members or similar supporting means shall

be considered supported and secured where such support
does not exceed 1.8-m (6-ft) intervals. Section 330.30(D) permits Type MC cable to be fished, as

shown in Exhibit 330.3.(D) Unsupported Cables Type MC cable shall be permit-
ted to be unsupported where the cable:

330.31 Single Conductors(1) Is fished between access points through concealed
spaces in finished buildings or structures and supporting Where single-conductor cables with a nonferrous armor or

sheath are used, the installation shall comply with 300.20.is impractical; or
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330.40 Article 330 — Metal-Clad Cable: Type MC

conductors and in accordance with Table 402.5 for 18 AWG
and 16 AWG conductors. The installation shall not exceed
the temperature ratings of terminations and equipment.

(A) Type MC Cable Installed in Cable Tray The ampaci-
ties for Type MC cable installed in cable tray shall be deter-
mined in accordance with 392.11 and 392.13.

(B) Single Type MC Conductors Grouped Together
Where single Type MC conductors are grouped together
in a triangular or square configuration and installed on a
messenger or exposed with a maintained free airspace of
not less than 2.15 times one conductor diameter (2.15 �
O.D.) of the largest conductor contained within the configu-
ration and adjacent conductor configurations or cables, the
ampacity of the conductors shall not exceed the allowable
ampacities in the following tables:

(1) Table 310.20 for conductors rated 0 through 2000 volts
(2) Tables 310.67 and 310.68 for conductors rated over

2000 volts

III. Construction Specifications
330.104 Conductors
The conductors shall be of copper, aluminum, or copper-
clad aluminum, solid or stranded. The minimum conductor
size shall be 18 AWG copper and 12 AWG aluminum or
copper-clad aluminum.

330.108 Equipment Grounding
Where Type MC cable is used for equipment grounding, it
shall comply with 250.118(10) and 250.122.

Outlet
box

Type MC cable

Unsupported
cable permitted
in concealed
space of
finished building 

The armor of interlocking Type MC cable is not usually
Exhibit 330.3 An application of 330.30(D), which permits Type recognized by UL as the sole means of providing an equip-
MC cable to be fished in walls, floors, or ceilings. ment grounding circuit, but it may be used to supplement

the internal grounding conductor. A new construction where
an aluminum equipment grounding conductor within a multi-330.40 Boxes and Fitting
conductor cable is in continuous contact with the aluminum

Fittings used for connecting Type MC cable to boxes, cabi-
interlocked armor has been approved by UL to serve as the

nets, or other equipment shall be listed and identified for
equipment grounding conductor.

such use.
If an equipment grounding conductor, either single or

segmented, is included in a multiconductor Type MC cable,
Connectors should be selected in accordance with the size the equipment grounding conductor must be an integral part
and type of cable for which they are designated. Bronze of the multiconductor Type MC cable. The size of the equip-
connectors are intended for use only with cable employing ment grounding conductor is determined according to
corrugated copper armor. Some Type AC cable connectors 250.122.
are also acceptable for use with Type MC cable when specifi- The following explanations apply only to installations
cally indicated on the fitting or the shipping carton. of single-conductor Type MC cable. If single Type MC

conductors are installed as open runs or as messenger-sup-
ported wiring, the smooth or corrugated metallic sheath on330.80 Ampacity
each conductor must have sufficient cross-sectional area to

The ampacity of Type MC cable shall be determined in comply with Table 250.122, or concentric conductors may
accordance with 310.15 or 310.60 for 14 AWG and larger
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332.1Article 332 — Mineral-Insulated, Metal-Sheathed Cable: Type MI

be provided over the conductor under the metallic sheath. needed. The sheath shall not be used as a current-carrying
conductor.Either the metallic sheath or the combination of the concen-

tric conductors in parallel with the metallic sheath may be
FPN: See 300.6 for protection against corrosion.used to provide the required equipment grounding path. For

single Type MC conductors with an interlocking metal tape
armor installed as open runs or as messenger-supported wir-
ing, concentric conductors must be provided over the con- ARTICLE 332
ductor under the metallic sheath. The total cross-sectional Mineral-Insulated, Metal-Sheathedarea of the concentric conductors must comply with Table
250.122. Cable: Type MI

If single Type MC conductors are installed in cable tray,
the cable tray, an equipment grounding conductor(s) within

Summary of Changesthe cable tray, and/or the equipment grounding provided
with the single conductor may be used individually or in • 332.10: New FPN added to clarify that the uses permitted
any parallel combination to provide the equipment ground- list is not intended to include all of the permitted uses of
ing path required by 392.3(C) and 250.118. Type MI cable.

If single Type MC conductors are installed underground • 332.12: Underground runs without necessary physical
in a trench, a separate equipment grounding conductor may protection added to uses not permitted list.
be installed in close proximity to the circuit conductors
within the same trench. The separate equipment grounding
conductor may be used alone or in parallel with the equip-
ment grounding provided with the single conductor cables

Contentsto provide the equipment grounding path required by
300.5(I) and 250.118. I. General

If single Type MC conductors are installed in parallel, 332.1 Scope
the equipment grounding path provided with each conductor 332.2 Definition
must be sized on the basis of the ampere rating of the II. Installation
overcurrent device protecting the circuit conductors ac- 332.10 Uses Permitted
cording to 250.122(F). A smaller equipment grounding con- 332.12 Uses Not Permitted
ductor may be permitted only if ground-fault protection of 332.17 Through or Parallel to Framing Members
equipment is installed in accordance with 250.122(F)(2). 332.24 Bending Radius

332.30 Securing and Supporting
(A) Horizontal Runs Through Holes and Notches

330.112 Insulation (B) Unsupported Cable
332.31 Single ConductorsInsulated conductors shall comply with 330.112(A) or (B).
332.40 Boxes and Fittings

(A) 600 Volts Insulated conductors in sizes 18 AWG and (A) Fittings
16 AWG shall be of a type listed in Table 402.3, with a (B) Terminal Seals
maximum operating temperature not less than 90�C (194�F) 332.80 Ampacity
and as permitted by 725.27. Conductors larger than 16 AWG (A) Type MI Cable Installed in Cable Tray
shall be of a type listed in Table 310.13 or of a type identified (B) Single Type MI Conductors Grouped Together
for use in Type MC cable. III. Construction Specifications

332.104 Conductors
(B) Over 600 Volts Insulated conductors shall be of a type 332.108 Equipment Grounding
listed in Tables 310.61 through 310.64. 332.112 Insulation

332.116 Sheath
330.116 Sheath
Metallic covering shall be one of the following types: smooth
metallic sheath, corrugated metallic sheath, interlocking I. General
metal tape armor. The metallic sheath shall be continuous

332.1 Scopeand close fitting. A nonmagnetic sheath or armor shall be
used on single conductor Type MC. Supplemental protection This article covers the use, installation, and construction

specifications for mineral-insulated, metal-sheathed cable,of an outer covering of corrosion-resistant material shall be
permitted and shall be required where such protection is Type MI.
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332.2 Article 332 — Mineral-Insulated, Metal-Sheathed Cable: Type MI

332.12 Uses Not Permitted332.2 Definition
Type MI cable shall not be used under the following condi-Mineral-Insulated, Metal-Sheathed Cable, Type MI. A
tions or in the following locations:factory assembly of one or more conductors insulated with

a highly compressed refractory mineral insulation and en- (1) In underground runs unless protected from physical
closed in a liquidtight and gastight continuous copper or damage, where necessary
alloy steel sheath. (2) Where exposed to conditions that are destructive and

corrosive to the metallic sheath, unless additional pro-
Type MI mineral-insulated, metal-sheathed cable consists of tection is provided
one or more solid copper conductors insulated with highly
compressed magnesium oxide and enclosed in a continuous In lieu of an overall continuous copper sheath, Type MI
copper or alloy steel (e.g., stainless steel) sheath with or cable is available with an overall continuous stainless steel
without a nonmetallic jacket. It is manufactured in size 16 sheath. Type MI cable is also available with an optional
AWG to 500 kcmil, single conductor; 16 AWG to 4 AWG, overall nonmetallic jacket.
two and three conductor; 16 AWG to 6 AWG, four conductor;
and 16 AWG to 10 AWG, seven conductor. The cable is
rated 600 volts. 332.17 Through or Parallel to

Framing Members
Type MI cable shall be protected in accordance with 300.4II. Installation
where installed through or parallel to framing members.

332.10 Uses Permitted
Type MI cable shall be permitted as follows: 332.24 Bending Radius

Bends in Type MI cable shall be so made that the cable will(1) For services, feeders, and branch circuits
not be damaged. The radius of the inner edge of any bend(2) For power, lighting, control, and signal circuits
shall not be less than required as follows:

(1) Five times the external diameter of the metallic sheathType MI cable is also constructed with a 300-volt rating for
for cable not more than 19 mm (3⁄4 in.) in externalsignal circuit applications.
diameter

(2) Ten times the external diameter of the metallic sheath
(3) In dry, wet, or continuously moist locations for cable greater than 19 mm (3⁄4 in.) but not more than
(4) Indoors or outdoors 25 mm (1 in.) in external diameter
(5) Where exposed or concealed
(6) Where embedded in plaster, concrete, fill, or other ma- The minimum bending radius is intended to prevent mechan-

sonry, whether above or below grade ical damage to the conductor insulation or the sheath that
(7) In any hazardous (classified) location could result in cracking, a hot spot at the point of damage,
(8) Where exposed to oil and gasoline or both.
(9) Where exposed to corrosive conditions not deteriorating As illustrated in Exhibit 332.1, for cables with an exter-

to its sheath nal diameter (OD) not greater than 3⁄4 in., the minimum
(10) In underground runs where suitably protected against bending radius (R) is 5 times the cable OD. For cables

physical damage and corrosive conditions greater than 3⁄4 in. but not greater than 1 in. in diameter, the
(11) In or attached to cable tray minimum bending radius is 10 times the cable OD.

In lieu of an overall continuous copper sheath, Type MI
332.30 Securing and Supportingcable is available with an overall continuous stainless steel

sheath. Type MI cable is also available with an optional Type MI cable shall be supported and secured by staples,
overall nonmetallic jacket. straps, hangers, or similar fittings, designed and installed so

as not to damage the cable, at intervals not exceeding 1.8
m (6 ft).

FPN: The ‘‘Uses Permitted’’ is not an all-inclusive list.
(A) Horizontal Runs Through Holes and Notches In
other than vertical runs, cables installed in accordance withAn FPN was added for the 2005 Code clarifying that the
300.4 shall be considered supported and secured where suchlist of uses permitted is not necessarily a complete list.
support does not exceed 1.8 m (6 ft) intervals.
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332.80Article 332 — Mineral-Insulated, Metal-Sheathed Cable: Type MI

332.40 Boxes and Fittings
(A) Fittings Fittings used for connecting Type MI cable to
boxes, cabinets, or other equipment shall be identified for
such use.

(B) Terminal Seals Where Type MI cable terminates, an
end seal fitting shall be installed immediately after stripping
to prevent the entrance of moisture into the insulation. The
conductors extending beyond the sheath shall be individually
provided with an insulating material.

Terminations specifically investigated for use with this cable
are listed as ‘‘mineral-insulated cable fittings.’’ Fittings for
use on Type MI cable are suitable for use at a maximum
operating temperature of 90�C in dry locations and 60�C in
wet locations. As shown in Exhibit 332.2, a complete box
connector consists of a connector body and a screw-on pot-
ting fitting that may be used separately as an end fitting for

External diameter (OD)

Bending radius (Rmin.)

Cable ³⁄₄-in. and smaller OD:
Rmin.=5 × OD

Cable ³⁄₄-in. to 1-in. OD:
Rmin.=10 × OD

change to open wiring. The screw-on potting fitting is to be
assembled with a special tool and consists of a screw-on

Exhibit 332.1 An illustration of 332.24, for bends in Type MI
pot, insulating cap, insulating sleeving, anchoring bead, andcable.
sealing compound.

(B) Unsupported Cable Type MI cable shall be permitted 332.80 Ampacity
to be unsupported where the cable is fished between access

The ampacity of Type MI cable shall be determined in accor-points through concealed spaces in finished buildings or
dance with 310.15. The conductor temperature at the endstructures and supporting is impracticable.
seal fitting shall not exceed the temperature rating of the

(C) Cable Trays All MI cable installed in cable trays shall listed end seal fitting, and the installation shall not exceed
comply with 392.8(B). the temperature ratings of terminations or equipment.

(A) Type MI Cable Installed in Cable Tray The ampaci-332.31 Single Conductors
ties for Type MI cable installed in cable tray shall be deter-

Where single-conductor cables are used, all phase conduc- mined in accordance with 392.11.
tors and, where used, the neutral conductor shall be grouped
together to minimize induced voltage on the sheath. (B) Single Type MI Conductors Grouped Together

Where single Type MI conductors are grouped together in
a triangular or square configuration, as required by 332.31,Section 332.31 permits Type MI cables to be used as single
and installed on a messenger or exposed with a maintainedconductors. The larger sizes of Type MI cable are available
free air space of not less than 2.15 times one conductoronly as single-conductor cables. Because single conductors
diameter (2.15 � O.D.) of the largest conductor containedin a metal sheath can result in induced voltage on the sheath,
within the configuration and adjacent conductor configura-this section requires all conductors of the circuit to be
tions or cables, the ampacity of the conductors shall notgrouped together to minimize the voltage on the sheath.
exceed the allowable ampacities of Table 310.17.Where single conductors enter a ferrous metal enclo-

sure, inductive heating can occur due to hysteresis loss
caused by the magnetic flux occurring in ferrous metals and Determining Type MI cable ampacities according to Table

310.16 or Table 310.17 is by far the most common approach.I2R losses from the currents induced by the conductor. To
minimize this magnetic heating of enclosures, 300.20 re- However, where MI cables are terminated at electrical equip-

ment such as circuit breakers, distribution switchgear, trans-quires additional measures, including cutting slots in the
metal between the individual holes for each conductor con- fer switches, and the like, it is important to understand the

temperature limitations of electrical equipment terminals andnector. Cable manufacturers offer nonferrous connecting
plates that accept individual threaded connections of all cir- to coordinate those temperature limitations with the ampac-

ity of the MI cables. As stated in both the UL Generalcuit conductors, thereby eliminating circulating currents and
fully complying with 300.20. Information Directory and in 110.14(C)(1) of the 2005 NEC,
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332.104 Article 332 — Mineral-Insulated, Metal-Sheathed Cable: Type MI

Exhibit 332.2 A Type MI cable
fitting used for terminating
cable to an enclosure, to a box,
or directly to equipment. (Cour-
tesy of Pyrotenax Cables Ltd.)

Threaded gland
End seal

Brass 
gland
nut

Brass 
gland
body

NPT
taper
thread

Brass screw-on
pot (cuts its own
thread as it screws
on to the cable sheath)

Insulating cap

Anchoring beading
securing sleeving

Insulating sleeving
(may be color coded)

of single-conductor Type MI cable. If single Type MI con-unless equipment is listed and marked otherwise, conductor
ampacities used in determining equipment terminations must ductors are installed as open runs or as messenger-supported

wiring, the copper sheath on each conductor must havebe based on Table 310.16 as modified by 310.15(B)(1)
through 310.15(B)(6). sufficient cross-sectional area to comply with Table 250.122.

If single Type MI conductors are installed in cable tray,
the cable tray, an equipment grounding conductor(s) within

III. Construction Specifications the cable tray, and/or the equipment grounding provided
with the single conductor may be used individually or in332.104 Conductors
any parallel combination to provide the equipment ground-

Type MI cable conductors shall be of solid copper, nickel,
ing path according to the requirements of 392.3(C) and

or nickel-coated copper with a resistance corresponding to
250.118.

standard AWG and kcmil sizes.
If single Type MI conductors are installed underground

in a trench, a separate equipment grounding conductor may332.108 Equipment Grounding
be installed in close proximity to the circuit conductors

Where the outer sheath is made of copper, it shall provide within the same trench. The separate equipment grounding
an adequate path for equipment grounding purposes. Where conductor may be used alone or in parallel with the equip-
made of steel, an equipment grounding conductor shall be ment grounding provided with the single conductor to pro-
provided. vide the equipment grounding path required by 300.5(I) and

250.118.
If single Type MI conductors are installed in parallel,The copper sheath of Type MI cable is permitted as an

equipment grounding conductor according to 250.118(10), the equipment grounding path provided with each conductor
must be sized on the basis of the ampere rating of thebut an alloy steel outer sheath of Type MI cable is not.

According to the product standard, for Type MI cables with overcurrent device protecting the circuit conductors in accor-
dance with 250.122(F). A smaller equipment grounding con-an alloy steel outer sheath, one of the conductors (within

the cable assembly) is to be used for equipment grounding. ductor may be permitted only if ground-fault protection of
equipment is installed in accordance with 250.122(F)(2).This product standard statement is in concert with the re-

quirement of 300.3 prohibiting the installations of single
conductors unless they are part of a wiring method of Chapter 332.112 Insulation
3 of the Code. The size of an equipment grounding conductor

The conductor insulation in Type MI cable shall be a highlyis determined according to 250.122. If an individual equip-
compressed refractory mineral that provides proper spacingment grounding conductor is installed with a multiconductor
for all conductors.Type MI cable installation, the separate equipment ground-

ing conductor must be an integral part of the multiconductor 332.116 Sheath
Type MI cable.

The outer sheath shall be of a continuous construction toThe following explanation applies only to installations
provide mechanical protection and moisture seal.
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334.2Article 334 — Nonmetallic-Sheathed Cable: Types NM, NMC, and NMS

ARTICLE 334 334.30 Securing and Supporting
(A) Horizontal Runs Through Holes and NotchesNonmetallic-Sheathed Cable: Types
(B) Unsupported CablesNM, NMC, and NMS
(C) Wiring Device Without a Separate Outlet Box

334.40 Boxes and Fittings
(A) Boxes of Insulating MaterialSummary of Changes
(B) Devices of Insulating Material• 334.10(4): Revised to limit Types NM, NMC, and NMS
(C) Devices with Integral Enclosurescable use in cable trays to structures permitted to be of

334.80 AmpacityTypes III, IV, or V construction.
III. Construction Specifications

• 334.10(C): Revised to delete reference to Article 780 as 334.100 Construction
permitted use for Type NMS cable. 334.104 Conductors

• 334.12: Revised to clarify that Types NM, NMC, and 334.108 Equipment Grounding
NMS cables are not permitted in dwellings or other struc- 334.112 Insulation
tures unless specifically permitted in 334.10(1), (2), and 334.116 Sheath
(3). (A) Type NM

(B) Type NMC• 334.15(B): Revised to limit the types of Chapter 3 race-
(C) Type NMSways permitted to be used as a means to provide physical

protection for Types NM, NMC and NMS cables. Alterna-
tives to the methods identified in this section must be

I. Generalapproved by the authority having jurisdiction.

334.1 Scope• 334.15(C): Added provision covering the use of conduit
or tubing to provide physical protection and support for This article covers the use, installation, and construction
Types NM, NMC, and NMS cables installed on the walls specifications of nonmetallic-sheathed cable.
of an unfinished basement. Requires abrasion protection
at the point the cable enters the conduit or tubing. 334.2 Definitions

• 334.80: Added second paragraph covering ampacity ad- Nonmetallic-Sheathed Cable. A factory assembly of two
justment for bundled cables that pass through fire- or or more insulated conductors enclosed within an overall
draft-stopped holes in wood framing. nonmetallic jacket.

Type NM. Insulated conductors enclosed within an overall
nonmetallic jacket.

Contents Type NMC. Insulated conductors enclosed within an over-
I. General all, corrosion resistant, nonmetallic jacket.

334.1 Scope
Type NMS. Insulated power or control conductors with334.2 Definitions
signaling, data, and communications conductors within an334.6 Listed
overall nonmetallic jacket.II. Installation

334.10 Uses Permitted
(A) Type NM Types NM, NMC, and NMS nonmetallic-sheathed cable

may be used for either exposed or concealed wiring. Where(B) Type NMC
(C) Type NMS exposed, the cable should not be subject to physical damage.

Nonmetallic-sheathed cable was first recognized in the 1928334.12 Uses Not Permitted
(A) Types NM, NMC, and NMS NEC as a substitute for concealed knob-and-tube wiring

(Article 394) and open wiring on insulators (Article 398).(B) Types NM and NMS
334.15 Exposed Work The original advantages of nonmetallic-sheathed cable over

knob-and-tube wiring were that the outer sheath provides(A) To Follow Surface
(B) Protection from Physical Damage continuous protection in addition to the insulation applied

to the conductors; the cable is easily fished in partitions of(C) In Unfinished Basements
334.17 Through or Parallel to Framing Members finished buildings; no insulating supports are required; and

only one hole need be bored that can accommodate more334.23 In Accessible Attics
334.24 Bending Radius than one cable passing through a wood cross member.
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334.6 Article 334 — Nonmetallic-Sheathed Cable: Types NM, NMC, and NMS

subordinate uses (laundry rooms, lounge rooms, etc.) that334.6 Listed
serve a multifamily dwelling occupancy are also consideredType NM, Type NMC, and Type NMS cables shall be listed.
part of the multifamily occupancy, thereby allowing the use
of nonmetallic-sheathed cable in those areas.

Nonmetallic-sheathed cables must be listed. UL 719, Stan- If a building is to be of noncombustible construction
dard for Nonmetallic-Sheathed Cables, requires a construc- (i.e., Type I or II) by the owner’s choice, even though the
tion and performance evaluation, including testing relating building code would permit combustible construction, the
to flammability, dielectric voltage-withstand, unwinding at building is allowed to be wired with nonmetallic-sheathed
low temperatures, pulling through joists, conductor pullout, cable. In such an instance, nonmetallic-sheathed cable may
crushing, and abrasion. be installed in the noncombustible building because the Code

would have permitted the building to be of combustible
construction.II. Installation

Annex E provides charts and other explanatory informa-
334.10 Uses Permitted tion to assist the user in understanding and categorizing the
Type NM, Type NMC, and Type NMS cables shall be permit- exact types of construction under consideration. A table to
ted to be used in the following: cross reference building types to the various building code

types of construction is also provided in Annex E.(1) One- and two-family dwellings.
(2) Multifamily dwellings permitted to be of Types III, IV,

and V construction except as prohibited in 334.12. (4) Cable trays in structures permitted to be Types III, IV,
(3) Other structures permitted to be of Types III, IV, and or V where the cables are identified for the use.

V construction except as prohibited in 334.12. Cables FPN: See 310.10 for temperature limitation of conduc-
shall be concealed within walls, floors, or ceilings that tors.
provide a thermal barrier of material that has at least a

(A) Type NM Type NM cable shall be permitted as follows:
15-minute finish rating as identified in listings of fire-

(1) For both exposed and concealed work in normally dryrated assemblies.
locations except as prohibited in 334.10(3)

FPN No. 1: Types of building construction and occu- (2) To be installed or fished in air voids in masonry blockpancy classifications are defined in NFPA 220-1999,
or tile wallsStandard on Types of Building Construction, or the appli-

cable building code, or both.
FPN No. 2: See Annex E for determination of building For concealed work, nonmetallic-sheathed cable should be
types [NFPA 220, Table 3-1]. installed where it is protected from physical damage often

caused by nails or screws. Where practical, care should be
A well-established means of codifying fire protection and fire taken to avoid areas where trim, door and window casings,
safety requirements is to classify buildings by types of con- baseboards, moldings, and so on, are likely to be nailed. See
struction, based on materials used for the structural elements 300.4 for details on protection against physical damage.
and the degree of fire resistance afforded by each element.
The five fundamental construction types used by the model (B) Type NMC Type NMC cable shall be permitted as
building codes are Type I (fire resistive), Type II (noncombus- follows:
tible), Type III (combination of combustible and noncombus-

(1) For both exposed and concealed work in dry, moist,tible), Type IV (heavy timber), and Type V (wood frame).
damp, or corrosive locations, except as prohibited byTypes I and II basically require all structural elements to be
334.10(3)noncombustible, whereas Types III, IV, and V allow some or

(2) In outside and inside walls of masonry block or tileall of the structural elements to be combustible (wood).
(3) In a shallow chase in masonry, concrete, or adobe pro-The selection of building construction types is regulated

tected against nails or screws by a steel plate at leastby the building code, based on the occupancy, height, and
1.59 mm (1⁄16 in.) thick and covered with plaster, adobe,area of the building. The local code official or the architect
or similar finishfor a building project can be consulted to determine the

minimum allowable (permitted) construction type for the
building under consideration. When a building of a selected Type NMC (corrosion-resistant) cable is required for instal-

lation in dairy barns and similar farm buildings (see Articleheight (in feet or stories above grade) and area is permitted
to be built of combustible construction (i.e., Types III, IV, 547), where cable will be exposed to fumes, vapors, or

liquids such as ammonia and barnyard acids. Under suchor V), the installation of nonmetallic-sheathed cable is per-
mitted. The common areas (corridors) and incidental and circumstances, ordinary types of nonmetallic-sheathed cable
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334.15Article 334 — Nonmetallic-Sheathed Cable: Types NM, NMC, and NMS

ings are accessible; therefore, cables installed above thesehave in some cases deteriorated rapidly due to ammonia
fumes or the growth of fungus or mold. types of ceilings would be considered exposed cables if the

cables do not have additional protection.In addition to insulated conductors, nonmetallic-
sheathed cable must have an insulated or bare conductor for Additionally, a simple change to an architectural finish

schedule during construction could change what is an accept-equipment grounding purposes only, in order to comply with
334.108. See 250.119 and Table 250.122 for identification able wiring method. For example, if a corridor ceiling in an

occupancy (other than a dwelling type) called for a paintedrequirements and minimum conductor sizes.
gypsum board ceiling and the finish schedule changed the
ceiling construction to a 2 ft � 2 ft accessible tile ceiling,(C) Type NMS Type NMS cable shall be permitted as
the wiring method would no longer be permitted to be non-follows:
metallic-sheathed cable unless the nonmetallic-sheathed

(1) For both exposed and concealed work in normally dry cable was installed using additional protection. Examples
locations except as prohibited by 334.10(3) of additional protection are found in 334.15(B).

(2) To be installed or fished in air voids in masonry block
or tile walls

(3) As service-entrance cable
(4) In commercial garages having hazardous (classified)The construction of hybrid cable, Type NMS, is fully de-

locations as defined in 511.3scribed in 334.116(C), and the permitted conductors are
(5) In theaters and similar locations, except where permitteddescribed in 334.100.

in 518.4(B)
(6) In motion picture studios

334.12 Uses Not Permitted (7) In storage battery rooms
(8) In hoistways or on elevators or escalators

Users should be aware that the list of uses not permitted is (9) Embedded in poured cement, concrete, or aggregate
not a complete list. For example, Type NM, nonmetallic- (10) In hazardous (classified) locations, except where permit-
sheathed cables are not permitted to be installed in ducts, ted by the following:
plenums, and other air-handling spaces. See 300.22, which

a. 501.10(B)(3)limits the use of materials in ducts, plenums, and other air-
b. 502.10(B)(3)handling spaces that may contribute smoke and products of
c. 504.20combustion during a fire.

(B) Types NM and NMS Types NM and NMS cables shall
(A) Types NM, NMC, and NMS Types NM, NMC, and not be used under the following conditions or in the follow-
NMS cables shall not be permitted as follows: ing locations:

(1) In any dwelling or structure not specifically permitted (1) Where exposed to corrosive fumes or vapors
in 334.10(1), (2), and (3) (2) Where embedded in masonry, concrete, adobe, fill, or

(2) Exposed in dropped or suspended ceilings in other than plaster
one- and two-family and multifamily dwellings (3) In a shallow chase in masonry, concrete, or adobe and

covered with plaster, adobe, or similar finish
Revised for the 2005 Code, 334.12(A)(1) clearly limits the (4) Where exposed or subject to excessive moisture or
use of the cables covered by Article 334. dampness

Revised for the 2005 Code, 334.12(A)(2) prohibits any
nonmetallic sheathed cables installed as exposed in the space 334.15 Exposed Work
above accessible hung ceilings. This change does not affect In exposed work, except as provided in 300.11(A), cable
dwelling-type occupancies. The term exposed, as used in shall be installed as specified in 334.15(A) through (C).
this requirement, closely follows the definition of exposed
(as applied to wiring methods) found in Article 100, which (A) To Follow Surface Cable shall closely follow the sur-
states ‘‘on or attached to the surface or behind panels de- face of the building finish or of running boards.
signed to allow access.’’

(B) Protection from Physical Damage Cable shall be pro-For example, cables installed above a dropped sheet
tected from physical damage where necessary by rigid metalrock ceiling or dropped sheet rock soffit would not be consid-
conduit, intermediate metal conduit, electrical metallic tub-ered exposed cable, provided the area above the ceiling is
ing, Schedule 80 PVC rigid nonmetallic conduit, or othernot accessible (does not have removable tiles or does not
approved means. Where passing through a floor, the cablecontain an access panel). Very often, hung or dropped ceil-
shall be enclosed in rigid metal conduit, intermediate metal
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334.17 Article 334 — Nonmetallic-Sheathed Cable: Types NM, NMC, and NMS

conduit, electrical metallic tubing, Schedule 80 PVC rigid As illustrated in Exhibit 334.1, nonmetallic-sheathed
nonmetallic conduit, or other approved means extending at cables installed in an unfinished basement can be run through
least 150 mm (6 in.) above the floor. joists and attached to the side of joists or beams and running

Where Type NMC cable is installed in shallow chases boards. Section 300.4(D) requires cables that are run parallel
in masonry, concrete, or adobe, the cable shall be protected to framing members be installed at least 11⁄4 in. from the
against nails or screws by a steel plate at least 1.59 mm nearest edge of studs, joists, or rafters.
(1⁄16 in.) thick and covered with plaster, adobe, or similar
finish.

334.17 Through or Parallel to
Framing Members(C) In Unfinished Basements Where cable is run at angles

with joists in unfinished basements, it shall be permissible Types NM, NMC, or NMS cable shall be protected in accor-
to secure cables not smaller than two 6 AWG or three 8 dance with 300.4 where installed through or parallel to fram-
AWG conductors directly to the lower edges of the joists. ing members. Grommets used as required in 300.4(B)(1)
Smaller cables shall be run either through bored holes in shall remain in place and be listed for the purpose of cable
joists or on running boards. NM cable used on a wall of an protection.
unfinished basement shall be permitted to be installed in a
listed conduit or tubing. Conduit or tubing shall utilize a

In accordance with 300.4(B)(1), where cable passes through
nonmetallic bushing or adapter at the point the cable enters

factory- or field-punched holes in metal studs or similar
the raceway. Metal conduit and tubings and metal outlet

members, it is required to be protected by listed bushings
boxes shall be grounded.

or listed grommets covering all metal edges and securely
fastened in the opening before being installed. See the com-

Section 334.15(C) was changed for the 2005 Code. The mentary following 300.4(B)(1) for further information re-
means of providing physical protection in 334.15(B) is now garding physical protection of NM cables.
a more specific list of the required protection techniques.
Notice that rigid nonmetallic conduit, Type RNC, Schedule

334.23 In Accessible Attics40 is omitted from this list unless it is judged as an ‘‘ap-
The installation of cable in accessible attics or roof spacesproved’’ means by the authority having jurisdiction (AHJ).
shall also comply with 320.23.Also, where NMC is installed close to the surface in masonry,

concrete, or adobe-type construction, physical protection 334.24 Bending Radius
must be afforded to the cable by using steel plate–type

Bends in Types NM, NMC, and NMS cable shall be soprotectors.
made that the cable will not be damaged. The radius of theFor exposed work in unfinished basements, as described
curve of the inner edge of any bend during or after installationin 334.15(C), physical protection for nonmetallic-sheathed
shall not be less than five times the diameter of the cable.cables run on unfinished walls can take the form of any

listed conduit or tubing (including rigid nonmetallic conduit, 334.30 Securing and Supporting
Type RNC, Schedule 40).

Nonmetallic-sheathed cable shall be supported and secured
by staples, cable ties, straps, hangers, or similar fittings
designed and installed so as not to damage the cable, at
intervals not exceeding 1.4 m (41⁄2 ft) and within 300 mm
(12 in.) of every outlet box, junction box, cabinet, or fitting.
Flat cables shall not be stapled on edge.

Sections of cable protected from physical damage by
raceway shall not be required to be secured within the race-
way.

For the 2005 Code, the changes to 334.30 were for the most
part editorial. The general requirement of 334.30 requires
that the cable be secured. Simply draping the cable over air
ducts, rafters, timbers, joists, pipes, and ceiling grid members
is not permitted, except where fished as allowed inCable installed through

bored holes

Cable installed parallel to
framing members

Cable installed on
running board

334.30(B)(1).

Exhibit 334.1 Nonmetallic-sheathed cables installed in an unfin-
(A) Horizontal Runs Through Holes and Notches Inished basement.
other than vertical runs, cables installed in accordance with
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334.80Article 334 — Nonmetallic-Sheathed Cable: Types NM, NMC, and NMS

300.4 shall be considered to be supported and secured where 334.40 Boxes and Fittings
such support does not exceed 1.4-m (41⁄2-ft) intervals and (A) Boxes of Insulating Material Nonmetallic outlet
the nonmetallic-sheathed cable is securely fastened in place boxes shall be permitted as provided by 314.3.
by an approved means within 300 mm (12 in.) of each box,
cabinet, conduit body, or other nonmetallic-sheathed cable

Nonmetallic boxes and nonmetallic wiring systems are rec-termination.
ommended for use in some corrosive atmospheres. See

FPN: See 314.17(C) for support where nonmetallic 314.3, 314.17(C), and Article 547 for details.
boxes are used.

Nonmetallic-sheathed cable that runs horizontally through (B) Devices of Insulating Material Switch, outlet, and tap
framing members (spaced less than 54 in. apart) and passes devices of insulating material shall be permitted to be used
through bored or punched holes in framing members without without boxes in exposed cable wiring and for rewiring in
additional securing is considered supported by the framing existing buildings where the cable is concealed and fished.
members. Cable ties are not required as the cable passes Openings in such devices shall form a close fit around the
through these members. However, the nonmetallic-sheathed outer covering of the cable, and the device shall fully enclose
cable must be secured (fastened in place) within 12 in. of the part of the cable from which any part of the covering
the outlet box. Where the cable terminates at a nonmetallic has been removed. Where connections to conductors are by
outlet box that does not contain a cable clamping device, binding-screw terminals, there shall be available as many
the cable may be secured (fastened in place) within 8 in. of terminals as conductors.
the outlet box, according to 314.17(C), Exception.

Section 334.30 also prohibits two-conductor nonmetal- (C) Devices with Integral Enclosures Wiring devices
lic-sheathed cable (or other flat configurations) from being with integral enclosures identified for such use shall be
stapled on edge. The intent is to prohibit the cable from permitted as provided by 300.15(E).
being installed with its short dimension against a wood joist.
When stapled in this manner, two cables are usually placed 334.80 Ampacity
side by side under the staple. If the staple is driven too far

The ampacity of Types NM, NMC, and NMS cable shallinto the stud, damage to the insulation and conductors can
be determined in accordance with 310.15. The ampacityoccur. See 300.4(C) for support requirements of cables
shall be in accordance with the 60�C (140�F) conductorthrough spaces behind panels designed to allow access.
temperature rating. The 90�C (194�F) rating shall be permit-
ted to be used for ampacity derating purposes, provided the(B) Unsupported Cables Nonmetallic-sheathed cable shall
final derated ampacity does not exceed that for a 60�Cbe permitted to be unsupported where the cable:
(140�F) rated conductor. The ampacity of Types NM, NMC,

(1) Is fished between access points through concealed and NMS cable installed in cable tray shall be determined
spaces in finished buildings or structures and supporting in accordance with 392.11.
is impracticable. Where more than two NM cables containing two or

(2) Is not more than 1.4 m (41⁄2 ft) from the last point of more current-carrying conductors are bundled together and
cable support to the point of connection to a luminaire pass through wood framing that is to be fire- or draft-stopped
(lighting fixture) or other piece of electrical equipment using thermal insulation or sealing foam, the allowable am-
and the cable and point of connection are within an pacity of each conductor shall be adjusted in accordance
accessible ceiling. with Table 310.15(B)(2)(a).

Section 334.30(B)(2) permits short, unsupported lengths of Section 310.15(B)(2)(a) states in part: ‘‘or where single con-
nonmetallic-sheathed cable for luminaire and equipment ductors or multiconductor cables are stacked or bundled
connections. longer than 600 mm (24 in.) without maintaining spacing

and are not installed in raceways, the allowable ampacity
(C) Wiring Device Without a Separate Outlet Box A of each conductor shall be reduced as shown in Table
wiring device identified for the use, without a separate outlet 310.15(B)(2)(a).’’ Failure to comply with the appropriate
box, and incorporating an integral cable clamp shall be per- adjustment ampacity derating called for by this table, where
mitted where the cable is secured in place at intervals not nonmetallic-sheathed cables may be stacked or bundled, can
exceeding 1.4 m (41⁄2 ft) and within 300 mm (12 in.) from lead to overheating of conductors. For the 2005 Code, a new
the wiring device wall opening, and there shall be at least derating requirement was added to prevent overheating of
a 300 mm (12 in.) loop of unbroken cable or 150 mm Type NM conductors where passing though draft- and fire-
(6 in.) of a cable end available on the interior side of the stopping material.
finished wall to permit replacement.
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334.100 Article 336 — Power and Control Tray Cable: Type TC

III. Construction Specifications ARTICLE 336
334.100 Construction Power and Control Tray Cable:
The outer cable sheath of nonmetallic-sheathed cable shall Type TC
be a nonmetallic material.

Summary of Changes334.104 Conductors
• 336.10: Deleted text limiting use of TC cable in hazardousThe 600 volt insulated conductors shall be sizes 14 AWG

(classified) locations only in industrial establishmentsthrough 2 AWG copper conductors or sizes 12 AWG through
under the conditions of supervision and maintenance.2 AWG aluminum or copper-clad aluminum conductors. The

• 336.10(4): Revised to clarify permitted use of Type TCsignaling conductors shall comply with 780.5. The commu-
cable supported by a messenger wire in outdoor locations.nication conductors shall comply with Part V of Article 800.

• 336.10(7): Revised to clarify installation requirements for
334.108 Equipment Grounding equipment grounding conductors in cables 6 AWG or
In addition to the insulated conductors, the cable shall have smaller. Revised the marking requirement for identifying
an insulated or bare conductor for equipment grounding Type TC cable that is suitable to be installed outside of
purposes only. a cable tray or raceway where the cable is supported on

struts, angles, or channels.

Changed for the 2005 Code, this section no longer permits • 336.12(2): Revised to prohibit TC cable outside a raceway
an equipment grounding conductor; it requires an equipment or cable tray system except as permitted in 336.10(7).
grounding conductor. The required equipment grounding
conductor must be sized in accordance with 250.122 and
comply with UL 719, Standard for Nonmetallic-Sheathed Contents
Cables.

I. General
336.1 Scope
336.2 Definition334.112 Insulation

II. Installation
The insulated power conductors shall be one of the types

336.10 Uses Permitted
listed in Table 310.13 that are suitable for branch circuit

336.12 Uses Not Permitted
wiring or one that is identified for use in these cables. Con-

336.24 Bending Radius
ductor insulation shall be rated at 90�C (194�F).

336.80 Ampacity
FPN: Types NM, NMC, and NMS cable identified by III. Construction Specifications
the markings NM-B, NMC-B, and NMS-B meet this 336.100 Construction
requirement. 336.104 Conductors

(A) Fire Alarm Systems
334.116 Sheath (B) Thermocouple Circuits
The outer sheath of nonmetallic-sheathed cable shall comply (C) Class 1 Circuit Conductors
with 334.116(A), (B), and (C). 336.116 Jacket

336.120 Marking
(A) Type NM The overall covering shall be flame retardant
and moisture resistant.

I. General
(B) Type NMC The overall covering shall be flame re-

336.1 Scopetardant, moisture resistant, fungus resistant, and corrosion
This article covers the use, installation, and constructionresistant.
specifications for power and control tray cable, Type TC.

(C) Type NMS The overall covering shall be flame re-
tardant and moisture resistant. The sheath shall be applied

The basic standard to investigate products in this categoryso as to separate the power conductors from the communica-
is UL 1277, Electrical Power and Control Tray Cables withtions and signaling conductors. The signaling conductors
Optional Optical-Fiber Members. Summary information re-shall be permitted to be shielded. An optional outer jacket
garding listed power and control tray cable may be foundshall be permitted.
in the UL General Information for Electrical Equipment

FPN: For composite optical cable, see 770.9 and Directory under category QPOR.
770.133.
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336.80Article 336 — Power and Control Tray Cable: Type TC

Section 336.10(6) permits Type TC tray cable to be336.2 Definition
used for non–power-limited fire alarm circuits. AccordingPower and Control Tray Cable, Type TC. A factory as-
to 760.27, the cable must be listed and the conductor materialsembly of two or more insulated conductors, with or without
must be copper. Aluminum and copper-clad aluminum con-associated bare or covered grounding conductors, under a
ductors are not permitted for fire alarm circuits.nonmetallic jacket.

According to 336.10(7), specific types of TC tray cable
II. Installation used in qualifying occupancies are permitted to extend from

a cable tray to a piece of equipment without the use of336.10 Uses Permitted
conduit. Prior to the 2002 Code, a restriction of 50 ft applied

Type TC cable shall be permitted to be used as follows: to this type of installation. For later editions of the Code,
(1) For power, lighting, control, and signal circuits. the 50-ft restriction was removed, allowing virtually any
(2) In cable trays. length of cable to be used for the circuit extension from the
(3) In raceways. cable tray to the equipment served. According to UL 1277,
(4) In outdoor locations supported by a messenger wire. Electrical Power and Control Tray Cables with Optional
(5) For Class 1 circuits as permitted in Parts II and III of Optical-Fiber Members, cables suitable for use as exposed

Article 725. wiring between cable tray and the utilization equipment
(6) For non–power-limited fire alarm circuits if conductors according to 336.10(7) are surface marked ‘‘Type TC-ER’’

comply with the requirements of 760.27. (tray cable for exposed runs).
(7) In industrial establishments where the conditions of

maintenance and supervision ensure that only qualified
336.12 Uses Not Permittedpersons service the installation, and where the cable is

continuously supported and protected against physical Type TC tray cable shall not be installed or used as follows:
damage using mechanical protection, such as struts,

(1) Installed where it will be exposed to physical damageangles, or channels, Type TC tray cable that complies
(2) Installed outside a raceway or cable tray system, exceptwith the crush and impact requirements of Type MC

as permitted in 336.10(7)cable and is identified for such use with the marking
(3) Used where exposed to direct rays of the sun, unlessType TC–ER shall be permitted between a cable tray

identified as sunlight resistantand the utilization equipment or device. The cable shall
(4) Direct buried, unless identified for such usebe secured at intervals not exceeding 1.8 m (6 ft). Equip-

ment grounding for the utilization equipment shall be
336.24 Bending Radiusprovided by an equipment grounding conductor within

the cable. In cables containing conductors sized 6 AWG Bends in Type TC cable shall be made so as not to damage
or smaller, the equipment grounding conductor shall be the cable. For Type TC cable without metal shielding, the
provided within the cable or, at the time of installation, minimum bending radius shall be as follows:
one or more insulated conductors shall be permanently

(1) Four times the overall diameter for cables 25 mmidentified as an equipment grounding conductor in ac-
(1 in.) or less in diametercordance with 250.119(B).

(2) Five times the overall diameter for cables larger than(8) Where installed in wet locations, Type TC cable shall
25 mm (1 in.) but not more than 50 mm (2 in.) inalso be resistant to moisture and corrosive agents.
diameter

FPN: See 310.10 for temperature limitation of (3) Six times the overall diameter for cables larger than 50
conductors.

mm (2 in.) in diameter

According to 336.10(3), Type TC cable is permitted to be Type TC cables with metallic shielding shall have a
installed in a hazardous location only if that location is in minimum bending radius of not less than 12 times the cable
an industrial establishment where conditions of maintenance overall diameter.
and supervision ensure that only qualified persons service
the installation. The overall jacket on Type TC cable is a 336.80 Ampacity
‘‘gas/vaportight continuous sheath’’ in the sense discussed

The ampacity of Type TC tray cable shall be determined inin 501.15(D) and 501.15(E). However, Type TC cable is not
accordance with 392.11 for 14 AWG and larger conductors,investigated for transmission of gases or vapors through
in accordance with 402.5 for 18 AWG through 16 AWGthe core; thus, when these cables are used in hazardous
conductors where installed in cable tray, and in accordance(classified) locations, they may need to be sealed according
with 310.15 where installed in a raceway or as messengerto 501.15(D) and 501.15(E).
supported wiring.
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336.100 Article 338 — Service-Entrance Cable: Types SE and USE

III. Construction Specifications Contents
336.100 Construction I. General

338.1 ScopeA metallic sheath or armor as defined in 330.116 shall not
338.2 Definitionsbe permitted either under or over the nonmetallic jacket.

II. InstallationMetallic shield(s) shall be permitted over groups of conduc-
338.10 Uses Permittedtors, under the outer jacket, or both.

(A) Service-Entrance Conductors
(B) Branch Circuits or FeedersType TC cables may contain one or more metal shields, but

338.24 Bending Radiusthey do not have a metal sheath or armor. Electrical cables
III. Constructionwith a metal sheath or armor are covered in either Article

338.100 Construction320 as armored cable, Type AC, or Article 330 as metal-
338.120 Markingclad cable, Type MC.

I. General336.104 Conductors
338.1 ScopeThe insulated conductors of Type TC tray cable shall be in

sizes 18 AWG through 1000 kcmil copper and sizes 12 AWG This article covers the use, installation, and construction
through 1000 kcmil aluminum or copper-clad aluminum. specifications of service-entrance cable.
Insulated conductors of sizes 14 AWG and larger copper
and sizes 12 AWG and larger aluminum or copper-clad According to the 2004 UL Electrical Construction Materials
aluminum shall be one of the types listed in Table 310.13 Directory, category TXKT (service cable) and category
or Table 310.62 that is suitable for branch circuit and feeder TYLZ (service-entrance cable rated 600 volts) are listed in
circuits or one that is identified for such use. sizes 14 AWG and larger for copper and 12 AWG and

larger for aluminum or copper-clad aluminum. Type SE(A) Fire Alarm Systems Where used for fire alarm sys-
cable contains Types RHW, RHW–2, XHHW, XHHW–2,tems, conductors shall also be in accordance with 760.27.
THWN, or THWN–2 conductors. Type USE cable contains

(B) Thermocouple Circuits Conductors in Type TC cable conductors with insulation equivalent to RHW or XHHW.
used for thermocouple circuits in accordance with Part III Type USE-2 contains insulation equivalent to RHW-2 or
of Article 725 shall also be permitted to be any of the XHHW-2 and is rated 90�C wet or dry.
materials used for thermocouple extension wire. The type designation of the conductors may be marked
(C) Class 1 Circuit Conductors Insulated conductors of on the surface of the cable. When used, this marking indi-
18 AWG and 16 AWG copper shall also be in accordance cates the temperature rating for the cable corresponding to
with 725.27. the temperature rating of the conductors. When this marking

does not appear, the temperature rating of the cable is 75�C.
336.116 Jacket The cables are designated as Type SE, Type USE or USE-
The outer jacket shall be a flame-retardant, nonmetallic ma- 2, and submersible water pump cable.
terial. Type SE—Indicates cable for aboveground installation.

Both the individual insulated conductors and the outer jacket
336.120 Marking or finish of Type SE are suitable for use where exposed to
There shall be no voltage marking on a Type TC cable sun.
employing thermocouple extension wire. Type USE or USE-2—Indicates cable for underground

installation, including burial directly in the earth. Cable in
sizes 4/0 AWG and smaller and having all conductors insu-ARTICLE 338
lated is suitable for all of the underground uses for which

Service-Entrance Cable: Types SE Type UF cable is permitted by the Code. Types USE and
USE-2 are not suitable for use in premises or above groundand USE
except to terminate at the service equipment or metering
equipment. Both the insulation and the outer covering, when

Summary of Changes used on single and multiconductor Types USE and USE-2,
are suitable for use where exposed to sun.• 338.10(A): Revised to reference specific sections and

parts of Article 230 that pertain to the use of Types SE Submersible water pump cable—Indicates a multicon-
ductor cable in which two, three, or four single-conductor,and USE cables for services.
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338.100Article 338 — Service-Entrance Cable: Types SE and USE

Type USE or USE-2 cables are provided in a flat or twisted Service-entrance cable containing a bare grounded (neutral)
assembly. The cable is listed in sizes 14 AWG to 4/0 AWG conductor is not permitted for new installations where it is
inclusive for copper and 12 AWG to 4/0 AWG inclusive for used as a branch circuit to supply appliances such as ranges,
aluminum or copper-clad aluminum. The cable is tag-marked wall-mounted ovens, counter-mounted cooking units, or
‘‘For Use Within the Well Casing for Wiring Deep-Well clothes dryers. This exception permits a bare neutral service-
Water Pumps Where the Cable Is Not Subject to Repetitive entrance cable for existing installations only and is coordi-
Handling Caused by Frequent Servicing of the Pump Units.’’ nated with the sections listed.
The insulation may also be surface-marked ‘‘Pump Cable.’’
The cable may be directly buried in the earth in conjunction
with this use. (3) Temperature Limitations Type SE service-entrance

cable used to supply appliances shall not be subject to con-
ductor temperatures in excess of the temperature specified338.2 Definitions
for the type of insulation involved.

Service-Entrance Cable. A single conductor or multicon-
ductor assembly provided with or without an overall cov- (4) Installation Methods for Branch Circuits and Feeders
ering, primarily used for services, and of the following types:

(a) Interior Installations. In addition to the provisions
Type SE. Service-entrance cable having a flame-retardant, of this article, Type SE service-entrance cable used for inte-
moisture-resistant covering. rior wiring shall comply with the installation requirements
Type USE. Service-entrance cable, identified for under- of Parts I and II of Article 334, excluding 334.80.
ground use, having a moisture-resistant covering, but not
required to have a flame-retardant covering. FPN: See 310.10 for temperature limitation of conduc-

tors.
II. Installation

(b) Exterior Installations. In addition to the provisions
338.10 Uses Permitted of this article, service-entrance cable used for feeders or

branch circuits, where installed as exterior wiring, shall be(A) Service-Entrance Conductors Service-entrance cable
installed in accordance with Part I of Article 225. The cableshall be permitted to be used as service-entrance conductors
shall be supported in accordance with 334.30, unless usedand shall be installed in accordance with 230.6, 230.7, and
as messenger-supported wiring as permitted in Part II ofParts II, III, and IV of Article 230.
Article 396. Type USE cable installed as underground feederType USE used for service laterals shall be permitted
and branch circuit cable shall comply with Part II of Articleto emerge from the ground outside at terminations in meter
340. Where Type USE cable emerges from the ground atbases or other enclosures where protected in accordance
terminations, it shall be protected in accordance withwith 300.5(D).
300.5(D). Multiconductor service-entrance cable shall be

(B) Branch Circuits or Feeders permitted to be installed as messenger-supported wiring in
accordance with 225.10 and Part II of Article 396.(1) Grounded Conductor Insulated Type SE service-

entrance cables shall be permitted in wiring systems where
all of the circuit conductors of the cable are of the rubber- In accordance with 338.2, cables marked only as ‘‘Type
covered or thermoplastic type. USE service-entrance cable’’ are not required to have a

flame-retardant covering.
Branch circuits using service-entrance cable as a wiring
method are permitted only if all circuit conductors within the

338.24 Bending Radiuscable are fully insulated according to 310.13. The equipment
grounding conductor is the only conductor permitted to be Bends in Types USE and SE cable shall be so made that
bare within service-entrance cable used for branch circuits. the cable will not be damaged. The radius of the curve of

the inner edge of any bend, during or after installation, shall
not be less than five times the diameter of the cable.(2) Grounded Conductor Not Insulated Type SE service-

entrance cable shall be permitted for use where the insulated
III. Constructionconductors are used for circuit wiring and the uninsulated

conductor is used only for equipment grounding purposes. 338.100 Construction
Exception: Uninsulated conductors shall be permitted as a Cabled, single-conductor, Type USE constructions recog-

nized for underground use shall be permitted to have agrounded conductor in accordance with 250.140, 250.32,
and 225.30 through 225.40. bare copper conductor cabled with the assembly. Type USE
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338.120 Article 340 — Underground Feeder and Branch-Circuit Cable: Type UF

single, parallel, or cabled conductor assemblies recognized 340.2 Definition
for underground use shall be permitted to have a bare copper Underground Feeder and Branch-Circuit Cable, Type
concentric conductor applied. These constructions shall not UF. A factory assembly of one or more insulated conductors
require an outer overall covering. with an integral or an overall covering of nonmetallic mate-

rial suitable for direct burial in the earth.FPN: See 230.41, Exception, item (2), for directly bur-
ied, uninsulated service-entrance conductors.

340.6 Listing Requirements
Type SE or USE cable containing two or more conduc-

Type UF cable shall be listed.tors shall be permitted to have one conductor uninsulated.

338.120 Marking New for the 2005 Code, Type UF cable is now required to
be listed.Service-entrance cable shall be marked as required in 310.11.

Cable with the neutral conductor smaller than the un-
grounded conductors shall be so marked.

II. Installation
340.10 Uses PermittedARTICLE 340
Type UF cable shall be permitted as follows:Underground Feeder and Branch- (1) For use underground, including direct burial in the earth.

For underground requirements, see 300.5.Circuit Cable: Type UF
(2) As single-conductor cables. Where installed as single-

conductor cables, all conductors of the feeder groundedSummary of Changes
conductor or branch circuit, including the grounded con-

• 340.6: Added requirement that Type UF cable be listed. ductor and equipment grounding conductor, if any, shall
• 340.10(4): Revised to reference Parts II and III of Article be installed in accordance with 300.3.

334. (3) For wiring in wet, dry, or corrosive locations under the
recognized wiring methods of this Code.• 340.12: Revised to reference Part II of Article 396.

(4) Installed as nonmetallic-sheathed cable. Where so in-
• 340.112: Revised to require a 90�C rating where used as

stalled, the installation and conductor requirements shall
a substitute cable for Type NM cable.

comply with Parts II and III of Article 334 and shall
be of the multiconductor type.

Contents Where UF cable is installed as nonmetallic-sheathed cable,
I. General the ampacity of Type UF cable is determined according to

340.1 Scope 334.80. For Type UF cable used for interior wiring, see the
340.2 Definition installation requirements and the associated commentary in
340.6 Listing Requirements Parts I and II of Article 334.

II. Installation
340.10 Uses Permitted

(5) For solar photovoltaic systems in accordance with340.12 Uses Not Permitted
690.31.340.24 Bending Radius

(6) As single-conductor cables as the nonheating leads for340.80 Ampacity
heating cables as provided in 424.43.III. Construction Specifications

(7) Supported by cable trays. Type UF cable supported by340.104 Conductors
cable trays shall be of the multiconductor type.340.108 Equipment Grounding

340.112 Insulation
FPN: See 310.10 for temperature limitation of conduc-

340.116 Sheath tors.

340.12 Uses Not PermittedI. General
Type UF cable shall not be used as follows:340.1 Scope
(1) As service-entrance cableThis article covers the use, installation, and construction

specifications for underground feeder and branch-circuit (2) In commercial garages
(3) In theaters and similar locationscable, Type UF.

2005 National Electrical Code Handbook364

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



340.116Article 342 — Intermediate Metal Conduit: Type IMC

340.116 Sheath(4) In motion picture studios
(5) In storage battery rooms The overall covering shall be flame retardant; moisture,
(6) In hoistways or on elevators or escalators fungus, and corrosion resistant; and suitable for direct burial
(7) In hazardous (classified) locations in the earth.
(8) Embedded in poured cement, concrete, or aggregate,

except where embedded in plaster as nonheating leads
ARTICLE 342where permitted in 424.43

(9) Where exposed to direct rays of the sun, unless identi- Intermediate Metal Conduit:
fied as sunlight resistant

Type IMC(10) Where subject to physical damage
(11) As overhead cable, except where installed as messenger-

supported wiring in accordance with Part II of Article Summary of Changes
396 • 342.22: Revised to permit cables in IMC if the cable

article does not specifically prohibit such use. The number
Type UF cable suitable for exposure to the direct rays of of cables is limited to the percentage fill of Table 1,
the sun is indicated by tag marking and marking on the cable Chapter 9.
surface with the designation ‘‘Sunlight Resistant.’’ • 342.42: Revised to specifically reference 314.15(A) where

This physical protection requirement ensures that Type threadless couplings and connectors are installed in wet
UF cable, as it emerges from underground, is protected from locations.
physical damage.

340.24 Bending Radius Contents
Bends in Type UF cable shall be so made that the cable is I. General
not damaged. The radius of the curve of the inner edge of 342.1 Scope
any bend shall not be less than five times the diameter of 342.2 Definition
the cable. 342.6 Listing Requirements

II. Installation
340.80 Ampacity 342.10 Uses Permitted
The ampacity of Type UF cable shall be that of 60�C (140�F) (A) All Atmospheric Conditions and Occupancies
conductors in accordance with 310.15. (B) Corrosion Environments

(C) Cinder Fill
III. Construction Specifications (D) Wet Locations

342.14 Dissimilar Metals340.104 Conductors
342.20 Size

The conductors shall be sizes 14 AWG copper or 12 AWG (A) Minimum
aluminum or copper-clad aluminum through 4/0 AWG. (B) Maximum

342.22 Number of Conductors340.108 Equipment Grounding
342.24 Bends — How Made

In addition to the insulated conductors, the cable shall be 342.26 Bends — Number in One Run
permitted to have an insulated or bare conductor for equip- 342.28 Reaming and Threading
ment grounding purposes only. 342.30 Securing and Supporting

(A) Securely Fastened340.112 Insulation
(B) Supports

The conductors of Type UF shall be one of the moisture- 342.42 Couplings and Connectors
resistant types listed in Table 310.13 that is suitable for (A) Threadless
branch-circuit wiring or one that is identified for such use. (B) Running Threads
Where installed as a substitute wiring method for NM cable, 342.46 Bushings
the conductor insulation shall be rated 90�C (194�F). 342.56 Splices and Taps

342.60 Grounding
III. Construction SpecificationsThe last sentence was added for the 2005 Code to require

UF to meet the same conductor temperature requirements 342.120 Marking
342.130 Standard Lengthswhere UF is used as a substitute for Type NMC or NM.
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342.1 Article 342 — Intermediate Metal Conduit: Type IMC

plementary corrosion protection. As a guide in the absenceI. General
of experience with the corrosive effects of soil in a specific342.1 Scope
location, soils producing severe corrosive effects are gener-

This article covers the use, installation, and construction ally characterized by low resistivity, less than 2000 ohm-cm.
specifications for intermediate metal conduit (IMC) and as- Wherever ferrous metal conduit runs directly from concrete
sociated fittings. encasement to soil burial, the metal in contact with the soil

can be severely corroded.342.2 Definition
Intermediate Metal Conduit (IMC). A steel threadable
raceway of circular cross section designed for the physical 342.14 Dissimilar Metals
protection and routing of conductors and cables and for use

Where practicable, dissimilar metals in contact anywhere inas an equipment grounding conductor when installed with
the system shall be avoided to eliminate the possibility ofits integral or associated coupling and appropriate fittings.
galvanic action.

Aluminum fittings and enclosures shall be permitted to
Intermediate metal conduit (IMC) is a thinner-walled rigid be used with IMC.
metal conduit that is satisfactory for uses in all locations
where rigid metal conduit (RMC) is permitted to be used.

342.20 SizeThreaded fittings, couplings, connectors, and so on, are inter-
changeable between IMC and RMC. Threadless fittings for (A) Minimum IMC smaller than metric designator 16

(trade size 1⁄2) shall not be used.IMC are suitable only for the type of conduit indicated by
the marking on the carton.

(B) Maximum IMC larger than metric designator 103
(trade size 4) shall not be used.

342.6 Listing Requirements
FPN: See 300.1(C) for the metric designators and tradeIMC, factory elbows and couplings, and associated fittings
sizes. These are for identification purposes only and doshall be listed.
not relate to actual dimensions.

II. Installation
Table 300.1(C) identifies a distinct metric designator for342.10 Uses Permitted
each circular raceway trade size. For further explanation of

(A) All Atmospheric Conditions and Occupancies Use metric designators, see 90.9 and the commentary following
of IMC shall be permitted under all atmospheric conditions Table 300.1(C).
and occupancies.

(B) CorrosionEnvironments IMC,elbows,couplings, and
fittings shall be permitted to be installed in concrete, in 342.22 Number of Conductors
direct contact with the earth, or in areas subject to severe The number of conductors shall not exceed that permitted
corrosive influences where protected by corrosion protection by the percentage fill specified in Table 1, Chapter 9.
and judged suitable for the condition. Cables shall be permitted to be installed where such

use is not prohibited by the respective cable articles. The(C) Cinder Fill IMC shall be permitted to be installed in
number of cables shall not exceed the allowable percentageor under cinder fill where subject to permanent moisture
fill specified in Table 1, Chapter 9.where protected on all sides by a layer of noncinder concrete

not less than 50 mm (2 in.) thick; where the conduit is not
less than 450 mm (18 in.) under the fill; or where protected Table 1 of Chapter 9 specifies the maximum fill percentage
by corrosion protection and judged suitable for the condition. of a conduit or tubing. Table 4 provides the usable area

within the selected conduit or tubing, and Table 5 provides(D) Wet Locations All supports, bolts, straps, screws, and
the required area for each conductor. Examples using theseso forth, shall be of corrosion-resistant materials or protected
tables to calculate a conduit or tubing size are provided inagainst corrosion by corrosion-resistant materials.
the commentary following Chapter 9, Table 1, Notes to

FPN: See 300.6 for protection against corrosion. Tables, Note 6.
If the conductors are of the same wire size, the tables

in Annex C can be used instead of doing the calculations.Galvanized IMC installed in concrete does not require sup-
plementary corrosion protection. Similarly, galvanized IMC Annex C, which contains 12 sets of tables, accurately indi-

cates the maximum number of conductors permitted in ainstalled in contact with soil does not generally require sup-
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342.30Article 342 — Intermediate Metal Conduit: Type IMC

available, cut the same number of threads on the conduit asconduit or tubing. Examples using Annex C to select a
conduit or tubing size are provided in the commentary fol- are present on the factory (threaded) end of the conduit.
lowing the introduction in the annex.

To select the proper trade size intermediate metal con-
duit, the section entitled ‘‘Article 342—Intermediate Metal 342.30 Securing and Supporting
Conduit (IMC)’’ in Table 4 of Chapter 9 should be followed. IMC shall be installed as a complete system in accordance
Tables C.4 and C.4(A) for intermediate metal conduit in with 300.18 and shall be securely fastened in place and
Annex C are also permissible. supported in accordance with 342.30(A) and (B).

Editorial changes were made to the last paragraph of
this section for the 2005 Code. (A) Securely Fastened Each IMC shall be securely fas-

tened within 900 mm (3 ft) of each outlet box, junction
box, device box, cabinet, conduit body, or other conduit342.24 Bends — How Made
termination. Fastening shall be permitted to be increased toBends of IMC shall be so made that the conduit will not be
a distance of 1.5 m (5 ft) where structural members dodamaged and the internal diameter of the conduit will not
not readily permit fastening within 900 mm (3 ft). Wherebe effectively reduced. The radius of the curve of any field
approved, conduit shall not be required to be securely fas-bend to the centerline of the conduit shall not be less than
tened within 900 mm (3 ft) of the service head for above-indicated in Table 2, Chapter 9.
the-roof termination of a mast.

The term field bend means any bend or offset made by
As illustrated in Exhibit 342.1, intermediate metal conduitinstallers, using proper tools and equipment, during the in-
(IMC) is required to be securely fastened at least every 10stallation of conduit systems. Table 2 of Chapter 9 was added
ft. Fastening is also required within 3 ft of outlet boxes,for the 2005 Code to replace the 2002 Code Table 344.24,
junction boxes, cabinets, and conduit bodies. However,Radius of Conduit Bends. Table 2 of Chapter 9 is now the
where structural support members do not permit fasteningcommon table for raceway field bend measurements.
within 3 ft, the support may be located up to 5 ft away.

342.26 Bends — Number in One Run
There shall not be more than the equivalent of four quarter (B) Supports IMC shall be supported in accordance with
bends (360 degrees total) between pull points, for example, one of the following:
conduit bodies and boxes.

(1) Conduit shall be supported at intervals not exceeding
3 m (10 ft).

See the commentary following 344.26 for the rationale be-
(2) The distance between supports for straight runs of con-

hind limiting the number of bends.
duit shall be permitted in accordance with Table
344.30(B)(2), provided the conduit is made up with

342.28 Reaming and Threading threaded couplings and such supports prevent transmis-
sion of stresses to termination where conduit is deflectedAll cut ends shall be reamed or otherwise finished to remove

rough edges. Where conduit is threaded in the field, a stan- between supports.
(3) Exposed vertical risers from industrial machinery ordard cutting die with a taper of 1 in 16 (3⁄4 in. taper per foot)

shall be used. fixed equipment shall be permitted to be supported at
intervals not exceeding 6 m (20 ft) if the conduit is madeFPN: See ANSI/ASME B.1.20.1-1983, Standard for

Pipe Threads, General Purpose (Inch). up with threaded couplings, the conduit is supported and
securely fastened at the top and bottom of the riser,
and no other means of intermediate support is readilyConduit is cut using a saw or a roll cutter (pipe cutter). Care
available.should be taken to ensure a straight cut, given that crooked

(4) Horizontal runs of IMC supported by openings throughthreads will result from a die not started on the pipe squarely.
framing members at intervals not exceeding 3 m (10 ft)After the cut is made, the conduit must be reamed. Proper
and securely fastened within 900 mm (3 ft) of termina-reaming removes burrs from the interior of the cut conduit
tion points shall be permitted.so that, as wires and cables are pulled through the conduit,

no chafing of the insulation or cable jacket occurs. Finally,
the conduit is threaded. The number of threads is important, Section 342.30(B)(4) permits lengths of IMC to be supported

(but not necessarily secured) by framing members at 10-ftbecause cutting too many threads prevents a conduit from
being made up properly. If a threaded ring gauge is not intervals, provided the IMC is secured and supported
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342.42 Article 344 — Rigid Metal Conduit: Type RMC

Exhibit 342.1 Minimum fas-
tening requirements for inter-
mediate metal conduit
according to 342.30(A).

4 ft

Support

Coupling

Support Support Support

Coupling

3 ft 3 ft

10 ft 10 ft10 ft

10 ft 10 ft

IMC

at least 3 ft from the box or enclosure. Installations where 342.46 Bushings
the IMC is installed through the bar joists is just one example Where a conduit enters a box, fitting, or other enclosure, a
and is shown in Exhibit 342.2. bushing shall be provided to protect the wire from abrasion

unless the design of the box, fitting, or enclosure is such as
to afford equivalent protection.

FPN: See 300.4(F) for the protection of conductors 4
AWG and larger at bushings.

342.56 Splices and Taps
Splices and taps shall be made in accordance with 300.15.

342.60 Grounding
IMC shall be permitted as an equipment grounding conduc-
tor.

III. Construction Specifications
342.120 Marking
Each length shall be clearly and durably marked at least
every 1.5 m (5 ft) with the letters IMC. Each length shall

IMC3 ft

7 ft

10 ft

be marked as required in 110.21.
Exhibit 342.2 An example of intermediate metal conduit sup-
ported by framing members and securely fastened at the 3-ft 342.130 Standard Lengths
distance from the box, as required by 342.30(B)(4).

The standard length of IMC shall be 3.05 m (10 ft), including
an attached coupling, and each end shall be threaded. Longer
or shorter lengths with or without coupling and threaded or342.42 Couplings and Connectors
unthreaded shall be permitted.

(A) Threadless Threadless couplings and connectors used
with conduit shall be made tight. Where buried in masonry
or concrete, they shall be the concretetight type. Where ARTICLE 344installed in wet locations, they shall comply with 314.15(A).
Threadless couplings and connectors shall not be used on Rigid Metal Conduit: Type RMC
threaded conduit ends unless listed for the purpose.

(B) Running Threads Running threads shall not be used Summary of Changes
on conduit for connection at couplings. • 344.22: Revised to permit cables in RMC if the cable

article does not specifically prohibit such use. The number
of cables is limited to the percentage fill of Table 1,See the commentary following 344.42(B) for examples of

threadless fittings. Chapter 9.
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344.10Article 344 — Rigid Metal Conduit: Type RMC

or aluminum (nonferrous). Special use types are silicon
• Table 344.24: Relocated to Chapter 9, Table 2. bronze and stainless steel.
• 344.42: Revised to specifically reference 314.15(A) where

344.6 Listing Requirementsthreadless couplings and connectors are installed in wet
locations. RMC, factory elbows and couplings, and associated fittings

shall be listed.

II. Installation
Contents

344.10 Uses PermittedI. General
(A) All Atmospheric Conditions and Occupancies Use344.1 Scope
of RMC shall be permitted under all atmospheric conditions344.2 Definition
and occupancies. Ferrous raceways and fittings protected344.6 Listing Requirements
from corrosion solely by enamel shall be permitted onlyII. Installation
indoors and in occupancies not subject to severe corrosive344.10 Uses Permitted
influences.(A) All Atmospheric Conditions and Occupancies

(B) Corrosion Environments
(C) Cinder Fill Section 344.10(A) makes it clear that aluminum rigid conduit
(D) Wet Locations can be used with steel fittings and enclosures, as can alumi-

344.14 Dissimilar Metals num fittings and enclosures with steel rigid conduit. Tests
344.20 Size have shown that the galvanic corrosion at steel and aluminum

(A) Minimum interfaces is minor compared to the natural corrosion on the
(B) Maximum combination of steel and steel or of aluminum and aluminum.

344.22 Number of Conductors
344.24 Bends — How Made

(B) Corrosion Environments RMC, elbows, couplings,344.26 Bends — Number in One Run
and fittings shall be permitted to be installed in concrete, in344.28 Reaming and Threading
direct contact with the earth, or in areas subject to severe344.30 Securing and Supporting
corrosive influences where protected by corrosion protection(A) Securely Fastened
and judged suitable for the condition.(B) Supports

344.42 Couplings and Connectors
Section 344.10(B) indicates the permitted uses for listed(A) Threadless
ferrous and nonferrous conduit, including their use in con-(B) Running Threads
crete, in direct contact with the earth, and in corrosive areas.344.46 Bushings
The fine print note to 344.10(D) references 300.6 for addi-344.56 Splices and Taps
tional information on protection against corrosion and spe-344.60 Grounding
cific types of corrosion-resistant materials.III. Construction Specifications

The authority having jurisdiction for enforcing this Code344.120 Marking
should be consulted for approval of corrosion-resistant mate-344.130 Standard Lengths
rials or for requirements prior to the installation of nonfer-
rous metal (aluminum) conduit in concrete, since chloride

I. General additives in the concrete mix may cause corrosion.
344.1 Scope
This article covers the use, installation, and construction (C) Cinder Fill RMC shall be permitted to be installed in
specifications for rigid metal conduit (RMC) and associated or under cinder fill where subject to permanent moisture
fittings. where protected on all sides by a layer of noncinder concrete

not less than 50 mm (2 in.) thick; where the conduit is not
344.2 Definition less than 450 mm (18 in.) under the fill; or where protected

by corrosion protection and judged suitable for the condition.Rigid Metal Conduit (RMC). A threadable raceway of
circular cross section designed for the physical protection
and routing of conductors and cables and for use as an Although cinder fill is not commonly used in modern con-
equipment grounding conductor when installed with its inte- struction, it is still encountered at older building sites. Care
gral or associated coupling and appropriate fittings. RMC should be taken to ensure the proper installation of rigid
is generally made of steel (ferrous) with protective coatings
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344.14 Article 344 — Rigid Metal Conduit: Type RMC

through 12 sets of tables, accurately indicates the maximummetal conduit as permitted by 344.10. Where cinders have
been used as fill, they may contain sulfur, and where they number of conductors permitted in a conduit or tubing. Ex-

amples using Annex C to select a conduit or tubing size arehave combined with moisture, sulfuric acid is formed, which
can corrode metal raceways. provided in the commentary following the introduction in

the annex.
To select the proper trade size of rigid metal conduit,(D) Wet Locations All supports, bolts, straps, screws, and

the section entitled ‘‘Article 344—Rigid Metal Conduitso forth, shall be of corrosion-resistant materials or protected
(RMC)’’ in Table 4 of Chapter 9 should be followed. Annexagainst corrosion by corrosion-resistant materials.
C, Tables C.8 and C.8(A) for rigid metal conduit are also

FPN: See 300.6 for protection against corrosion. permissible.

344.14 Dissimilar Metals
344.24 Bends — How MadeWhere practicable, dissimilar metals in contact anywhere in

the system shall be avoided to eliminate the possibility of Bends of RMC shall be so made that the conduit will not
galvanic action. Aluminum fittings and enclosures shall be be damaged and so that the internal diameter of the conduit
permitted to be used with steel RMC, and steel fittings and will not be effectively reduced. The radius of the curve of
enclosures shall be permitted to be used with aluminum any field bend to the centerline of the conduit shall not be
RMC where not subject to severe corrosive influences. less than indicated in Table 2, Chapter 9.

344.20 Size
The term field bend means any bend or offset made by(A) Minimum RMC smaller than metric designator 16
installers, using proper tools and equipment, during the in-(trade size 1⁄2) shall not be used.
stallation of conduit systems. Table 2 of Chapter 9 was added

Exception: For enclosing the leads of motors as permitted for the 2005 Code to replace the 2002 Code Table 344.24,
in 430.245(B). Radius of Conduit Bends. Table 2 of Chapter 9 is now the

common table for raceway field bend measurements.(B) Maximum RMC larger than metric designator 155
(trade size 6) shall not be used.

FPN: See 300.1(C) for the metric designators and trade 344.26 Bends — Number in One Run
sizes. These are for identification purposes only and do

There shall not be more than the equivalent of four quarternot relate to actual dimensions.
bends (360 degrees total) between pull points, for example,
conduit bodies and boxes.

Table 300.1(C) identifies a distinct metric designator for
each circular raceway trade size. For further explanation of

Limiting the number of bends in a conduit run reducesmetric designators, see 90.9 and the commentary following
pulling tension on conductors and helps ensure easy insertionTable 300.1(C).
or removal of conductors during later phases of construction,
when the conduit may be permanently enclosed by the finish

344.22 Number of Conductors of the building. Adjustments during that time are often im-
The number of conductors shall not exceed that permitted possible. The Code does not limit the pull points to conduit
by the percentage fill specified in Table 1, Chapter 9. bodies and boxes; these are only examples of pull points.

Cables shall be permitted to be installed where such
use is not prohibited by the respective cable articles. The

344.28 Reaming and Threadingnumber of cables shall not exceed the allowable percentage
All cut ends shall be reamed or otherwise finished to removefill specified in Table 1, Chapter 9.
rough edges. Where conduit is threaded in the field, a stan-
dard cutting die with a 1 in 16 taper (3⁄4-in. taper per foot)Table 1 of Chapter 9 specifies the maximum fill percentage
shall be used.of a conduit or tubing. Table 4 provides the usable area

FPN: See ANSI/ASME B.1.20.1-1983, Standard forwithin the selected conduit or tubing, and Table 5 provides
Pipe Threads, General Purpose (Inch).the required area for each conductor. Examples using these

tables to calculate a conduit or tubing size are provided in
the commentary following Chapter 9, Table 1, Notes to Conduit is cut using a saw or a roll cutter (pipe cutter). Care

should be taken to ensure a straight cut because crookedTables, Note 6.
If the conductors are of the same wire size, Annex C threads will result from a die not started on the pipe squarely.

After the cut is made, the conduit must be reamed. Propercan be used instead of doing the calculations. Annex C,
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344.42Article 344 — Rigid Metal Conduit: Type RMC

Table 344.30(B)(2) Supports for Rigid Metal Conduitreaming removes burrs from the interior of the cut conduit
so that as wires and cables are pulled through the conduit,

Maximum Distance Betweenno chafing of the insulation or cable jacket occurs. Finally,
Conduit Size Rigid Metal Conduit

the conduit is threaded. The number of threads is important. Supports
To determine the correct number of threads for a conduit Metric

Designator Trade Size m ftend, cut the same number of threads on the conduit as are
present on the factory (threaded) end of the conduit. Where

16–21 1⁄2–3⁄4 3.0 10excessive threads are cut on the conduit and threaded cou-
27 1 3.7 12

plings are installed, the conduit will butt within the coupling, 35–41 11⁄4–11⁄2 4.3 14
resulting in a weak mechanical joint and poor grounding 53–63 2–21⁄2 4.9 16

78 and larger 3 and larger 6.1 20continuity.

344.30 Securing and Supporting
344.30(B)(2), provided the conduit is made up with

RMC shall be installed as a complete system in accordance threaded couplings, and such supports prevent transmis-
with 300.18 and shall be securely fastened in place and sion of stresses to termination where conduit is deflected
supported in accordance with 344.30(A) and (B). between supports.

(3) Exposed vertical risers from industrial machinery or(A) Securely Fastened RMC shall be securely fastened
fixed equipment shall be permitted to be supported atwithin 900 mm (3 ft) of each outlet box, junction box, device
intervals not exceeding 6 m (20 ft) if the conduit is madebox, cabinet, conduit body, or other conduit termination.
up with threaded couplings, the conduit is supported andFastening shall be permitted to be increased to a distance
securely fastened at the top and bottom of the riser,of 1.5 m (5 ft) where structural members do not readily
and no other means of intermediate support is readilypermit fastening within 900 mm (3 ft). Where approved,
available.conduit shall not be required to be securely fastened within

(4) Horizontal runs of RMC supported by openings through900 mm (3 ft) of the service head for above-the-roof termina-
framing members at intervals not exceeding 3 m (10 ft)tion of a mast.
and securely fastened within 900 mm (3 ft) of termina-
tion points shall be permitted.

As illustrated in Exhibit 344.1, rigid metal conduit is required
to be securely fastened at least every 10 ft. Secure fastening

Section 344.30(B)(4) permits lengths of rigid metal conduitis also required within 3 ft of outlet boxes, junction boxes,
to be supported (but not necessarily secured) by framingcabinets, and conduit bodies. However, where structural sup-
members at 10-ft intervals, provided the rigid metal conduitport members do not permit fastening within 3 ft, secure
is secured and supported at least 3 ft from the box or enclo-fastening may be located up to 5 ft away.
sure. Installations where the rigid metal conduit is installed
through the bar joists is just one example and is shown in

(B) Supports RMC shall be supported in accordance with
Exhibit 344.2.

one of the following:

(1) Conduit shall be supported at intervals not exceeding
344.42 Couplings and Connectors3 m (10 ft).

(2) The distance between supports for straight runs of con- (A) Threadless Threadless couplings and connectors used
with conduit shall be made tight. Where buried in masonryduit shall be permitted in accordance with Table

Exhibit 344.1 Minimum sup-
port required for rigid metal
conduit according to
344.30(A).

4 ft

Support

Coupling

Support Support Support

Coupling

3 ft 3 ft

10 ft 10 ft10 ft

10 ft 10 ft

RMC
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344.46 Article 344 — Rigid Metal Conduit: Type RMC

Exhibit 344.3 Conduit body with a threadless connector. (Cour-
tesy of Appleton Electric Co., EGS Electrical Group)

RMC3 ft

7 ft

10 ft

Exhibit 344.2 An example of rigid metal conduit supported by
framing members and securely fastened at the 3-ft distance from
the box, as required by 344.30(B)(4).

or concrete, they shall be the concretetight type. Where
installed in wet locations, they shall comply with 314.15(A).
Threadless couplings and connectors shall not be used on
threaded conduit ends unless listed for the purpose.

(B) Running Threads Running threads shall not be used
on conduit for connection at couplings.

Exhibit 344.4 A three-piece-type (union-type) coupling. (Cour-Exhibit 344.3 illustrates a threadless connection integral to
tesy of Appleton Electric Co., EGS Electrical Group)

a conduit body, FS box, and so on. This type of connection
may be separate from the conduit body or box as an individ-
ual fitting of the compression type (raintight) suitable for
wet locations, or it may be of the set-screw type. 344.56 Splices and Taps

Threadless fittings are not intended for use over threads
Splices and taps shall be made in accordance with 300.15.because the fitting will not seat properly. The threaded end of

the conduit should be cut off and reamed before installation.
344.60 GroundingExhibit 344.4 illustrates a three-piece coupling (the elec-

trical equivalent of a pipe union), which is used to join two RMC shall be permitted as an equipment grounding conduc-
lengths of conduit where it is impossible to turn either length, tor.
such as in underground or concrete slab construction. An-
other fitting for joining conduit is a bolted split coupling. III. Construction Specifications
Running threads are not permitted to join two conduits.

344.120 Marking
Each length shall be clearly and durably identified in every

344.46 Bushings 3 m (10 ft) as required in the first sentence of 110.21.
Nonferrous conduit of corrosion-resistant material shall haveWhere a conduit enters a box, fitting, or other enclosure, a
suitable markings.bushing shall be provided to protect the wire from abrasion

unless the design of the box, fitting, or enclosure is such as
to afford equivalent protection. 344.130 Standard Lengths

The standard length of RMC shall be 3.05 m (10 ft), includ-FPN: See 300.4(F) for the protection of conductors sizes
4 AWG and larger at bushings. ing an attached coupling, and each end shall be threaded.
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348.20Article 348 — Flexible Metal Conduit: Type FMC

Longer or shorter lengths with or without coupling and 348.6 Listing Requirements
threaded or unthreaded shall be permitted. FMC and associated fittings shall be listed.

All flexible metal conduit as well as all flexible metal conduitARTICLE 348 fittings are required to be listed.
Flexible Metal Conduit: Type FMC

II. InstallationSummary of Changes
348.10 Uses Permitted• 348.22: Revised to permit cables in FMC if the cable

article does not specifically prohibit such use. The number FMC shall be permitted to be used in exposed and concealed
of cables is limited to the percentage fill of Table 1, locations.
Chapter 9.

• 348.30: Exception No. 2: Revised to permit 4-ft and 5- 348.12 Uses Not Permitted
ft unsupported lengths at terminals where flexibility is

FMC shall not be used in the following:required, depending on the trade size of the conduit.

(1) In wet locations unless the conductors are approved for
the specific conditions and the installation is such that
liquid is not likely to enter raceways or enclosures to

Contents which the conduit is connected
I. General

348.1 Scope Listed flexible metal conduit (FMC) is permitted for use in
348.2 Definition wet locations, provided the completed installation prevents
348.6 Listing Requirements water from entering enclosures or other raceways to which

II. Installation the conduit is connected. Also, for this application, the con-
348.10 Uses Permitted ductors must be suitable for wet locations. Listed FMC 1⁄2
348.12 Uses Not Permitted in. and larger may be installed in unlimited lengths, provided
348.20 Size an equipment grounding conductor is installed with the cir-

(A) Minimum cuit conductors. See 250.118(5) as well as 348.60 for specific
(B) Maximum requirements related to the use of FMC as an equipment

348.22 Number of Conductors grounding conductor.
348.24 Bends — How Made
348.26 Bends — Number in One Run
348.28 Trimming

(2) In hoistways, other than as permitted in 620.21(A)(1)348.30 Securing and Supporting
(3) In storage battery rooms(A) Securely Fastened
(4) In any hazardous (classified) location other than as per-(B) Supports

mitted in 501.10(B) and 504.20348.42 Couplings and Connectors
(5) Where exposed to materials having a deteriorating effect348.56 Splices and Taps

on the installed conductors, such as oil or gasoline348.60 Grounding and Bonding
(6) Underground or embedded in poured concrete or aggre-

gate
(7) Where subject to physical damageI. General

348.1 Scope
348.20 Size

This article covers the use, installation, and construction
(A) Minimum FMC less than metric designator 16 (tradespecifications for flexible metal conduit (FMC) and associ-
size 1⁄2) shall not be used unless permitted in 348.20(A)(1)ated fittings.
through (A)(5) for metric designator 12 (trade size 3⁄8).

348.2 Definition (1) For enclosing the leads of motors as permitted in
430.245(B)Flexible Metal Conduit (FMC). A raceway of circular

cross section made of helically wound, formed, interlocked (2) In lengths not in excess of 1.8 m (6 ft) for any of the
following uses:metal strip.
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348.22 Article 348 — Flexible Metal Conduit: Type FMC

a. For utilization equipment number of cables shall not exceed the allowable percentage
fill specified in Table 1, Chapter 9.b. As part of a listed assembly

c. For tap connections to luminaires (lighting fixtures)
as permitted in 410.67(C) Table 1 of Chapter 9 specifies the maximum fill percentage

of a conduit or tubing. Table 4 provides the usable area
within the selected conduit or tubing, and Table 5 providesSection 348.20(A)(2) makes it clear that 3⁄8-in. flexible metal
the required area for each of the conductors. Examples usingconduit is permitted to be used as the manufactured or field-
these tables to calculate a conduit or tubing size are providedinstalled metal raceway (11⁄2 ft to 6 ft in length) to enclose
in the commentary following Chapter 9, Table 1, Notes totap conductors between the outlet box and the terminal hous-
Tables, Note 6.ing of recessed luminaires. Flexible metal conduit is also

If the conductors are of the same wire size, the tablespermitted to be used as a 6-ft fixture whip from an outlet
in Annex C may be used instead of doing the calculations.box to a luminaire.
Annex C, with 12 sets of tables, accurately indicates theSection 604.6(A) permits a smaller minimum size for
maximum number of conductors permitted in a conduit ormanufactured wiring systems because the conductors are
tubing. Examples using Annex C to select a conduit ornot as prone to physical damage when assembled under
tubing size are provided in the commentary following thefactory-controlled conditions.
introduction in the annex.

To select the proper trade size of flexible metal conduit,
(3) For manufactured wiring systems as permitted in the section entitled ‘‘Article 348 — Flexible Metal Conduit

(FMC)’’ in Table 4 of Chapter 9 should be followed. Annex604.6(A)
(4) In hoistways as permitted in 620.21(A)(1) C, Tables C.3 and C.3(A) for flexible metal conduit are also

permissible.(5) As part of a listed assembly to connect wired luminaire
(fixture) sections as permitted in 410.77(C)

(B) Maximum FMC larger than metric designator 103 348.24 Bends — How Made
(trade size 4) shall not be used. Bends in conduit shall be made so that the conduit is not

damaged and the internal diameter of the conduit is notFPN: See 300.1(C) for the metric designators and trade
sizes. These are for identification purposes only and do effectively reduced. Bends shall be permitted to be made
not relate to actual dimensions. manually without auxiliary equipment. The radius of the

curve to the centerline of any bend shall not be less than shown
348.22 Number of Conductors in Table 2, Chapter 9 using the column ‘‘Other Bends.’’
The number of conductors shall not exceed that permitted
by the percentage fill specified in Table 1, Chapter 9, or as Table 2 of Chapter 9 was added for the 2005 Code to replace
permitted in Table 348.22, or for metric designator 12 (trade the 2002 Code Table 344.24, Radius of Conduit Bends. Table
size 3⁄8). 2 of Chapter 9 is now the common table for raceway field

Cables shall be permitted to be installed where such bend measurements.
use is not prohibited by the respective cable articles. The

Table 348.22 Maximum Number of Insulated Conductors in Metric Designator 12 (Trade Size 3⁄8)
Flexible Metal Conduit*

Types RFH-2, SF-2 Types TF, XHHW, TW Types TFN, THHN, THWN Types FEP, FEBP, PF, PGF

Fittings Fittings Fittings Fittings Fittings Fittings Fittings Fittings
Size Inside Outside Inside Outside Inside Outside Inside Outside

(AWG) Conduit Conduit Conduit Conduit Conduit Conduit Conduit Conduit

18 2 3 3 5 5 8 5 8
16 1 2 3 4 4 6 4 6
14 1 2 2 3 3 4 3 4
12 — — 1 2 2 3 2 3
10 — — 1 1 1 1 1 2

*In addition, one covered or bare equipment grounding conductor of the same size shall be permitted.
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348.60Article 348 — Flexible Metal Conduit: Type FMC

(B) Supports Horizontal runs of FMC supported by open-348.26 Bends — Number in One Run
ings through framing members at intervals not greater thanThere shall not be more than the equivalent of four quarter
1.4 m (41⁄2 ft) and securely fastened within 300 mm (12 in.)bends (360 degrees total) between pull points, for example,
of termination points shall be permitted.conduit bodies and boxes.

348.42 Couplings and ConnectorsAs with other raceways, a run of flexible metal conduit
installed between boxes, conduit bodies, and so on, is not Angle connectors shall not be used for concealed raceway
permitted to contain more than the equivalent of four quarter installations.
bends (360 degrees total). Proper shaping and support of
this flexible wiring method ensures that conductors can be

348.56 Splices and Tapseasily installed or withdrawn at any time.
Splices and taps shall be made in accordance with 300.15.

348.28 Trimming
348.60 Grounding and Bonding

All cut ends shall be trimmed or otherwise finished to remove
Where used to connect equipment where flexibility is re-rough edges, except where fittings that thread into the convo-
quired, an equipment grounding conductor shall be installed.lutions are used.

Where flexibility is not required, FMC shall be permit-
348.30 Securing and Supporting ted to be used as an equipment grounding conductor when

installed in accordance with 250.118(5).FMC shall be securely fastened in place and supported in
Where required or installed, equipment grounding con-accordance with 348.30(A) and (B).

ductors shall be installed in accordance with 250.134(B).
(A) Securely Fastened FMC shall be securely fastened in Where required or installed, equipment bonding jump-
place by an approved means within 300 mm (12 in.) of each ers shall be installed in accordance with 250.102.
box, cabinet, conduit body, or other conduit termination and
shall be supported and secured at intervals not to exceed

According to the product standard UL 1, Standard for Flexi-
1.4 m (41⁄2 ft).

ble Metal Conduit, FMC longer than 6 ft has not been judged
Exception No. 1: Where FMC is fished. to be suitable for grounding purposes. The general rules for

permitting or not permitting FMC for grounding purposesException No. 2: At terminals where flexibility is required,
are found in 250.118(5). The requirements in 250.118 forlengths shall not exceed the following:
flexible metal conduit were changed for the 2005 Code.(1) 900 mm (3 ft) for metric designators 16 through 35
According to 348.60, an additional equipment grounding(trade sizes 1⁄2 through 11⁄4)
conductor is always required where FMC is used for flexibil-(2) 1200 mm (4 ft) for metric designators 41 through 53
ity. Examples of such installations include using FMC to(trade sizes 11⁄2 through 2)
minimize the transmission of vibration from equipment such(3) 1500 mm (5 ft) for metric designators 63 (trade size
as motors or to provide flexibility for floodlights, spotlights,21⁄2) and larger
or other equipment that requires adjustment after installation.

Exception No. 3: Lengths not exceeding 1.8 m (6 ft) from Another specific exception is the requirement for a
a luminaire (fixture) terminal connection for tap connections bonding jumper where FMC is used in hazardous (classified)
to luminaires (light fixtures) as permitted in 410.67(C). locations. See 501.30(B), 502.30(B), and 503.30(B) for de-
Exception No. 4: Lengths not exceeding 1.8 m (6 ft) from tails on types of equipment grounding conductors. In addi-
the last point where the raceway is securely fastened for tion, 250.102(E) permits the routing of equipment bonding
connections within an accessible ceiling to luminaire(s) jumpers on the outside of the raceway in lengths that are
[lighting fixture(s)] or other equipment. no longer than 6 ft and bonded at each end.

According to 250.118(5), where the length of the total
ground-fault return path exceeds 6 ft or the circuit overcur-Exception No. 2 was revised for the 2005 Code to make the

simple 3 ft rule more practical and usable for larger flex rent protection exceeds 20 amperes, a separate equipment
grounding conductor must be installed with the circuit con-sizes. Exception No. 4 was revised for the 2005 Code to

correlate this permission of unsupported flexible metal con- ductors. The upper sketch in Exhibit 348.1 shows an accept-
able application of flexible metal conduit where the totalduit with other wiring methods permitting the same excep-

tion throughout Chapter 3. One such example is length of any ground return path is limited to 6 ft. The lower
sketch shows an application that is unacceptable because the320.30(D)(3) for Type AC cable.
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350.1 Article 350 — Liquidtight Flexible Metal Conduit: Type LFMC

Contents
I. General

350.1 Scope
350.2 Definition
350.6 Listing Requirements

II. Installation
350.10 Uses Permitted
350.12 Uses Not Permitted
350.20 Size

(A) Minimum
(B) Maximum

350.22 Number of Conductors or Cables
(A) Metric Designators 16 through 103 (Trade

Sizes 1⁄2through 4)
(B) Metric Designator 12 (Trade Size 3⁄8)

350.24 Bends — How Made
350.26 Bends — Number in One Run
350.30 Securing and Supporting

(A) Securely Fastened
(B) Supports

350.42 Couplings and Connectors
350.56 Splices and Taps
350.60 Grounding and Bonding

III. Construction Specifications

FMC

Acceptable

6 ft max. length

Luminaires

6 ft length

Suspended
ceiling

21

21

Not Acceptable

Luminaires Suspended
ceiling

350.120 Marking

Exhibit 348.1 An example of acceptable and unacceptable ap-
plications of flexible metal conduit without separate equipment

I. Generalgrounding conductors used as a fixture whip, in accordance with
250.118(5)(c). 350.1 Scope

This article covers the use, installation, and construction
grounding return path for luminaire 2 exceeds the permitted specifications for liquidtight flexible metal conduit (LFMC)
maximum of 6 ft to the box. and associated fittings.

350.2 Definition
Liquidtight Flexible Metal Conduit (LFMC). A raceway

ARTICLE 350 of circular cross section having an outer liquidtight, nonme-
tallic, sunlight-resistant jacket over an inner flexible metalLiquidtight Flexible Metal Conduit:
core with associated couplings, connectors, and fittings forType LFMC the installation of electric conductors.

350.6 Listing RequirementsSummary of Changes
LFMC and associated fittings shall be listed.• 350.22: Revised to permit cables in LFMC if the cable

article does not specifically prohibit such use. The number
II. Installationof cables is limited to the percentage fill of Table 1,

Chapter 9. 350.10 Uses Permitted
• 350.30: Added Exception No. 4 to permit 6-ft unsupported LFMC shall be permitted to be used in exposed or concealed

length within an accessible ceiling to connect to luminaires locations as follows:
or other equipment.

(1) Where conditions of installation, operation, or mainte-• 350.60: Revised to permit use for equipment grounding
nance require flexibility or protection from liquids, va-where flexibility of the raceway is not required.
pors, or solids
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350.30Article 350 — Liquidtight Flexible Metal Conduit: Type LFMC

(2) As permitted by 501.10(B), 502.10, 503.10, and 504.20 number of cables shall not exceed the allowable percentage
fill specified in Table 1, Chapter 9.and in other hazardous (classified) locations where spe-

cifically approved, and by 553.7(B)
(B) Metric Designator 12 (Trade Size 3⁄8) The number of(3) For direct burial where listed and marked for the purpose
conductors shall not exceed that permitted in Table 348.22,
‘‘Fittings Outside Conduit’’ columns.

Liquidtight flexible metal conduit (LFMC) is intended for
use in wet locations or where exposed to mineral oil, both

Table 1 of Chapter 9 specifies the maximum percent fill ofat a maximum temperature of 140�F. LFMC is not intended
a conduit or tubing. Table 4 provides the usable area withinfor use where exposed to gasoline or similar light petroleum
the selected conduit or tubing, and Table 5 provides thesolvents unless so marked on the product. LFMC is required
required area for each of the conductors. Examples usingto be a listed product. If properly marked for the application,
these tables to calculate a conduit or tubing size are providedLFMC is permitted for direct burial in the earth. Note that
in the commentary following Chapter 9, Table 1, Notes tothe requirements of 300.5 are applicable to LFMC if installed
Tables, Note 6.underground. LFMC is on the permitted list of wiring meth-

If the conductors are of the same wire size, the tablesods allowed for services (230.43), provided the length does
in Annex C may be used instead of doing the calculations.not exceed 6 ft and an equipment bonding jumper is installed
Annex C, with 12 sets of tables, accurately indicates thein accordance with 250.102. LFMC may be installed in
maximum number of conductors permitted in a conduit orunlimited lengths, provided it meets the other requirements
tubing. Examples using Annex C to select a conduit orof Article 350 and a separate equipment grounding conductor
tubing size are provided in the commentary following theis installed with the circuit conductors.
introduction in the annex.Liquidtight flexible nonmetallic conduit (LFNC) is also

To select the proper trade size of liquidtight flexibleused extensively in the machine tool and related industries.
metal conduit, the section entitled ‘‘Article 350—LiquidtightSee 14.5.5 in NFPA 79, Electrical Standard for Industrial
Flexible Metal Conduit (LFMC)’’ in Table 4 of Chapter 9Machinery, for the uses permitted on an industrial machine.
should be followed. Annex C, Tables C.7 and C.7(A) for
liquidtight flexible metal conduit are also permissible.

350.12 Uses Not Permitted
LFMC shall not be used as follows: 350.24 Bends — How Made
(1) Where subject to physical damage Bends in conduit shall be so made that the conduit will not
(2) Where any combination of ambient and conductor tem- be damaged and the internal diameter of the conduit will

perature produces an operating temperature in excess not be effectively reduced. Bends shall be permitted to be
of that for which the material is approved made manually without auxiliary equipment. The radius of

the curve to the centerline of any bend shall not be less than
required in Table 2, Chapter 9 using the column ‘‘Other350.20 Size
Bends.’’(A) Minimum LFMC smaller than metric designator 16

(trade size 1⁄2) shall not be used.
Table 2 of Chapter 9 was added for the 2005 Code to replace

Exception: LFMC of metric designator 12 (trade size 3⁄8) the 2002 Code Table 344.24, Radius of Conduit Bends. Table
shall be permitted as covered in 348.20(A). 2 of Chapter 9 is now the common table for raceway field

bend measurements.(B) Maximum The maximum size of LFMC shall be met-
ric designator 103 (trade size 4).

350.26 Bends — Number in One RunFPN: See 300.1(C) for the metric designators and trade
sizes. These are for identification purposes only and do There shall not be more than the equivalent of four quarter
not relate to actual dimensions. bends (360 degrees total) between pull points, for example,

conduit bodies and boxes.
350.22 Number of Conductors or Cables
(A) Metric Designators 16 through 103 (Trade Sizes 350.30 Securing and Supporting
1⁄2 through 4) The number of conductors shall not exceed LFMC shall be securely fastened in place and supported in
that permitted by the percentage fill specified in Table 1, accordance with 350.30(A) and (B).
Chapter 9.

Cables shall be permitted to be installed where such (A) Securely Fastened LFMC shall be securely fastened
in place by an approved means within 300 mm (12 in.) ofuse is not prohibited by the respective cable articles. The
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350.42 Article 352 — Rigid Nonmetallic Conduit: Type RNC

each box, cabinet, conduit body, or other conduit termination marked on the conduit. Conduit suitable for direct burial
shall be so marked.and shall be supported and secured at intervals not to exceed

1.4 m (41⁄2 ft).

Exception No. 1: Where LFMC is fished. ARTICLE 352
Exception No. 2: Lengths not exceeding 900 mm (3 ft) at Rigid Nonmetallic Conduit:terminals where flexibility is necessary.

Type RNCException No. 3: Lengths not exceeding 1.8 m (6 ft) from
a luminaire (fixture) terminal connection for tap conductors
to luminaires (lighting fixtures), as permitted in 410.67(C). Summary of Changes
Exception No. 4: Lengths not exceeding 1.8 m (6 ft) from • 352.10(H): Revised to prohibit nonmetallic conduit bodies
the last point where the raceway is securely fastened for that are supported by nonmetallic conduit from supporting
connections within an accessible ceiling to luminaire(s) equipment or containing devices other than splicing de-
[lighting fixture(s)] or other equipment. vices.

• 352.12(E): Added exception permitting the installation of
Exception No. 4 was revised for the 2005 Code to correlate conductors or cables with temperature ratings higher than
this permission of unsupported liquidtight flexible metal the temperature rating of the rigid nonmetallic conduit,
conduit with other wiring methods permitting the same ex- provided the conductors or cables are operated at a temper-
ception throughout Chapter 3. One such example is ature that does not exceed the temperature rating of the
320.30(D)(3) for Type AC cable. RNC.

• 352.22: Revised to permit cables in RNC if the cable
article does not specifically prohibit such use. The number(B) Supports Horizontal runs of LFMC supported by
of cables is limited to the percentage fill of Table 1,openings through framing members at intervals not greater
Chapter 9.than 1.4 m (41⁄2 ft) and securely fastened within 300 mm

(12 in.) of termination points shall be permitted.

350.42 Couplings and Connectors Contents
Angle connectors shall not be used for concealed raceway I. General
installations. 352.1 Scope

352.2 Definition
350.56 Splices and Taps 352.6 Listing Requirements

II. InstallationSplices and taps shall be made in accordance with 300.15.
352.10 Uses Permitted

(A) Concealed350.60 Grounding and Bonding
(B) Corrosive InfluencesWhere used to connect equipment where flexibility is re-
(C) Cindersquired, an equipment grounding conductor shall be installed.
(D) Wet LocationsWhere flexibility is not required, LFMC shall be permit-
(E) Dry and Damp Locationsted to be used as an equipment grounding conductor when
(F) Exposedinstalled in accordance with 250.118(6).
(G) Underground InstallationsWhere required or installed, equipment grounding con-
(H) Support of Conduit Bodiesductors shall be installed in accordance with 250.134(B).

352.12 Uses Not PermittedWhere required or installed, equipment bonding jump-
(A) Hazardous (Classified) Locationsers shall be installed in accordance with 250.102.
(B) Support of Luminaires (Fixtures)
(C) Physical DamageFPN: See 501.30(B), 502.30(B), and 503.30(B) for types

of equipment grounding conductors. (D) Ambient Temperatures
(E) Insulation Temperature Limitations
(F) Theaters and Similar LocationsIII. Construction Specifications

352.20 Size350.120 Marking
(A) Minimum

LFMC shall be marked according to 110.21. The trade size (B) Maximum
and other information required by the listing shall also be
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352.2Article 352 — Rigid Nonmetallic Conduit: Type RNC

conduit is intended for use with wires rated 75�C or less,
352.22 Number of Conductors including where it is encased in concrete within buildings
352.24 Bends — How Made and where ambient temperature is 50�C or less. Where en-
352.26 Bends — Number in One Run cased in concrete in trenches outside of buildings, it is suit-
352.28 Trimming able for use with wires rated 90�C or less.
352.30 Securing and Supporting Listed PVC conduit is inherently resistant to atmosphere

(A) Securely Fastened containing common industrial corrosive agents and will also
(B) Supports withstand vapors or mist of caustic, pickling acids, plating

352.44 Expansion Fittings bath, and hydrofluoric and chromic acids.
352.46 Bushings PVC conduit, elbows, and bends (including couplings)
352.48 Joints that have been investigated for direct exposure to other re-
352.56 Splices and Taps agents may be identified by the designation ‘‘Reagent Resis-
352.60 Grounding tant’’ printed on the surface of the product. Further

III. Construction Specifications information on reagent resistance may be found in the 2004
352.100 Construction UL Electrical Construction Materials Directory and in UL
352.120 Marking 651, ‘‘Schedule 40 and 80 Rigid PVC Conduit.’’

PVC conduit is designed for connection to couplings,
I. General fittings, and boxes by the use of a suitable solvent-type

cement. Instructions supplied by the solvent-type cement352.1 Scope
manufacturer describe the method of assembly and precau-

This article covers the use, installation, and construction tions to be followed.
specifications for rigid nonmetallic conduit (RNC) and asso-
ciated fittings. Reinforced Thermosetting Resin Conduit (DZKT)

[formerly referred to as rigid nonmetallic fiberglass conduit352.2 Definition
and sometimes fiberglass reinforced epoxy conduit (FRE)Rigid Nonmetallic Conduit (RNC). A nonmetallic race-
conduit.]way of circular cross section, with integral or associated

Reinforced thermosetting resin conduit (RTRC) markedcouplings, connectors, and fittings for the installation of
‘‘Below Ground’’ or (‘‘BG’’) has been investigated for un-electrical conductors and cables.
derground use only—for direct burial, with or without en-
casement in concrete.

The 2004 UL General Information for Electrical Equipment RTRC conduit marked ‘‘Above Ground’’ (or ‘‘AG’’)
Directory (White Book) describes two types of rigid nonme- has been investigated for use above ground, under ground,
tallic conduit recognized for use in accordance with Article and for direct burial with or without encasement in concrete.
352 as described in the following extract. This conduit has been evaluated for concealed or exposed

work where not subject to physical damage.1. Rigid nonmetallic Schedule 40 and Schedule 80 PVC
Reinforced thermosetting resin conduit has been investi-conduit (DZYR)

gated for use with wires rated 90�C or less.2. Reinforced thermosetting resin conduit (DZKT)
Reinforced thermosetting resin conduit is listed in trade

Rigid Nonmetallic Schedule 40 and Schedule 80 sizes 1⁄2 to 6 in. inclusive in IPS, ID, RTRC 40 and RTRC
PVC Conduit (DZYR) 80 dimensions, as marked on the product. Listing includes

straight conduit, elbows, bends, and other fittings, unlessRigid nonmetallic Schedule 40 PVC conduit is suitable for
underground use by direct burial or encasement in concrete. otherwise noted.

Reinforced thermosetting resin conduit, elbows, bends,Unless marked ‘‘Underground Use Only’’ or equivalent
wording, Schedule 40 conduit is also suitable for above and other fittings, which have been investigated for direct

exposure to reagents, are identified by the designation ‘‘Re-ground use indoors or outdoors exposed to sunlight and
weather where not subject to physical damage. agent Resistant’’ and are marked to indicate the specific

reagents.Schedule 80 conduit has a reduced cross-sectional area
available for wiring space and is suitable for use wherever Reinforced thermosetting resin conduit is designed for

connection to couplings, fittings, and boxes by use of aSchedule 40 conduit may be used. The marking ‘‘Schedule
80’’ identifies the conduit as suitable for use where exposed suitable epoxy-type cement or drive-on bell and spigot. In-

structions supplied by the epoxy-type cement manufacturerto physical damage and for installations on poles to comply
with Section 352.10(F) and 352.12(C). describe the method of assembly and precautions to be fol-

lowed.Unless marked for higher temperature, rigid nonmetallic
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352.6 Article 352 — Rigid Nonmetallic Conduit: Type RNC

For use of Schedule 80, see 300.5(D), 551.80(B), and 352.12 Uses Not Permitted
300.50(B). RNC shall not be used under the following conditions.

(A) Hazardous (Classified) Locations
352.6 Listing Requirements

(1) In hazardous (classified) locations, except as permitted
RNC, factory elbows, and associated fittings shall be listed. in 503.10(A), 504.20, 514.8 Exception No. 2, and 515.8

(2) In Class I, Division 2 locations, except as permitted in
II. Installation 501.10(B)(3)

352.10 Uses Permitted (B) Support of Luminaires (Fixtures) For the support of
luminaires (fixtures) or other equipment not described inThe use of RNC shall be permitted in accordance with
352.10(H).352.10(A) through (H).

(C) Physical Damage Where subject to physical damageFPN: Extreme cold may cause some nonmetallic con-
duits to become brittle and therefore more susceptible to unless identified for such use.
damage from physical contact.

(D) Ambient Temperatures Where subject to ambient
(A) Concealed RNC shall be permitted in walls, floors, temperatures in excess of 50�C (122�F) unless listed other-
and ceilings. wise.

(E) Insulation Temperature Limitations For conductors(B) Corrosive Influences RNC shall be permitted in loca-
or cables operating at a temperature higher than the RNCtions subject to severe corrosive influences as covered in
listed operating temperature rating.300.6 and where subject to chemicals for which the materials

are specifically approved. Exception: Conductors or cables rated at a temperature
higher than the RNC listed temperature rating shall be per-(C) Cinders RNC shall be permitted in cinder fill.
mitted to be installed in RNC, provided they are not operated
at a temperature higher than the RNC listed temperature(D) Wet Locations RNC shall be permitted in portions of
rating.dairies, laundries, canneries, or other wet locations and in

locations where walls are frequently washed, the entire con-
An exception was added to 352.12(E) for the 2005 Code.duit system including boxes and fittings used therewith shall
One example of an application for this exception is the usebe installed and equipped so as to prevent water from enter-
of 105�C rated medium voltage cables, Type MV, where theing the conduit. All supports, bolts, straps, screws, and so
cable ampacity at the 105�C rating is reduced to the cableforth, shall be of corrosion-resistant materials or be protected
ampacity at 75�C or 90�C and, thus, matches the listedagainst corrosion by approved corrosion-resistant materials.
operating temperature rating of the nonmetallic conduit

(E) Dry and Damp Locations RNC shall be permitted for (75�C or 90�C.)
use in dry and damp locations not prohibited by 352.12.

(F) Theaters and Similar Locations In theaters and simi-(F) Exposed RNC shall be permitted for exposed work
lar locations, except as provided in 518.4 and 520.5.where not subject to physical damage if identified for such

use.

Nonmetallic conduits are not permitted to be installed in
(G) Underground Installations For underground installa- ducts, plenums, and other air-handling spaces. See 300.22,
tions, see 300.5 and 300.50. which limits the use of materials in ducts, plenums, and

other air-handling spaces that may contribute smoke andFPN: Refer to Article 353 for High Density Polyethylene
products of combustion during a fire.Conduit: Type HDPE.

Additionally, rigid nonmetallic conduit is not permitted
in places of assembly or theaters except as permitted in(H) Support of Conduit Bodies Rigid nonmetallic conduit
518.4 and 520.5. See those sections for specific details.shall be permitted to support nonmetallic conduit bodies not

larger than the largest trade size of an entering raceway.
These conduit bodies shall not support luminaires (fixtures)

352.20 Sizeor other equipment and shall not contain devices other than
splicing devices as permitted by 110.14(B) and (A) Minimum RNC smaller than metric designator 16

(trade size 1⁄2) shall not be used.314.16(C)(2).
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352.30Article 352 — Rigid Nonmetallic Conduit: Type RNC

ated commentary. The term field bend means any bend or(B) Maximum RNC larger than metric designator 155
(trade size 6) shall not be used. offset made by installers, using proper tools and equipment,

during the installation of conduit systems. Table 2 of Chapter
FPN: The trade sizes and metric designators are for iden- 9 was added for the 2005 Code to replace the 2002 Codetification purposes only and do not relate to actual dimen-

Table 344.24, Radius of Conduit Bends. Table 2 of Chaptersions. See 300.1(C).
9 is now the common table for raceway field bend measure-
ments.352.22 Number of Conductors

The number of conductors shall not exceed that permitted
by the percentage fill specified in Table 1, Chapter 9. 352.26 Bends — Number in One Run

Cables shall be permitted to be installed where such There shall not be more than the equivalent of four quarter
use is not prohibited by the respective cable articles. The bends (360 degrees total) between pull points, for example,
number of cables shall not exceed the allowable percentage conduit bodies and boxes.
fill specified in Table 1, Chapter 9.

Limiting the number of bends in a conduit run reduces
Table 1 of Chapter 9 specifies the maximum percent fill of pulling tension on conductors and helps ensure easy insertion
a conduit or tubing. Table 4 provides the usable area within or removal of conductors during later phases of construction,
the selected conduit or tubing, and Table 5 provides the when the conduit may be permanently enclosed by the finish
required area for each of the conductors. Examples using of the building. Adjustments during that time are often im-
these tables to calculate a conduit or tubing size are provided possible. The Code does not limit the pull points to conduit
in the commentary following Chapter 9, Table 1, Notes to bodies and boxes; these are only examples of pull points.
Tables, Note 6.

If the conductors are of the same wire size, the tables
in Annex C may be used instead of doing the calculations. 352.28 Trimming
Annex C, which contains 12 sets of tables, accurately indi- All cut ends shall be trimmed inside and outside to remove
cates the maximum number of conductors permitted in a rough edges.
conduit or tubing. Examples using Annex C to select a
conduit or tubing size are provided in the commentary fol- 352.30 Securing and Supporting
lowing the introduction in the annex.

RNC shall be installed as a complete system as provided in
To permit selection of the proper trade size rigid nonme-

300.18 and shall be fastened so that movement from thermal
tallic conduit, Table 4 of Chapter 9 contains four separate

expansion or contraction is permitted. RNC shall be securely
subtables, one for each type of rigid nonmetallic conduit.

fastened and supported in accordance with 352.30(A) and
The appropriate table for the given type of rigid nonmetallic

(B).
conduit should be followed. Annex C Tables C.9 and C.9(A)
through C.12 and C.12(A) are also permissible, provided

The requirements of 352.30 are fairly stringent because theythe appropriate table for the given type of rigid nonmetallic
are based on ambient temperatures higher than normallyconduit is used.
encountered and use horizontal-support tests only. Expan-Where Schedule 80 RNC is used, notice that the cross-
sion can cause damage to the raceway or its supports. Expan-sectional area available for wires is considerably less than
sion fittings, therefore, should be used, and the supportsthat of other raceways of the same trade size due to the
must allow expansion/contraction cycles without damage.extra-thick wall of a Schedule 80 conduit.
See the commentary on expansion fittings following 352.44
for details.

352.24 Bends — How Made
Bends shall be so made that the conduit will not be damaged (A) Securely Fastened RNC shall be securely fastened
and the internal diameter of the conduit will not be effectively within 900 mm (3 ft) of each outlet box, junction box, device
reduced. Field bends shall be made only with bending equip- box, conduit body, or other conduit termination. Conduit
ment identified for the purpose. The radius of the curve to listed for securing at other than 900 mm (3 ft) shall be
the centerline of such bends shall not be less than shown in permitted to be installed in accordance with the listing.
Table 2, Chapter 9.

(B) Supports RNC shall be supported as required in Table
352.30(B). Conduit listed for support at spacings other thanThe installation of rigid metal conduit in runs of PVC conduit
as shown in Table 352.30(B) shall be permitted to be installedinstalled underground is covered in 300.5(D) and the associ-
in accordance with the listing. Horizontal runs of RNC sup-
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352.44 Article 352 — Rigid Nonmetallic Conduit: Type RNC

the run is subject to large temperature variations during orported by openings through framing members at intervals
not exceeding those in Table 352.30(B) and securely fastened after installation, or (3) expansion and contraction measures

are provided for the building or other structures. Rigid non-within 900 mm (3 ft) of termination points shall be permitted.
metallic conduit exhibits a considerably greater change in

Table 352.30(B) Support of Rigid Nonmetallic Conduit (RNC) length per degree change in temperature than do metal race-
way systems.

Conduit Size Maximum Spacing
In some parts of the United States and other countries,Between Supports

outdoor temperature variations of over 100�F are common.Metric
Designator Trade Size mm or m ft According to Table 352.44(A), a 100-ft run of PVC rigid

nonmetallic conduit will change 4.06 in. in length if the
16–27 1⁄2–1 900 mm 3 temperature change is 100�F.
35–53 11⁄4–2 1.5 m 5

The normal expansion range of most larger sizes of63–78 21⁄2–3 1.8 m 6
rigid nonmetallic conduit expansion couplings is generally91–129 31⁄2–5 2.1 m 7

155 6 2.5 m 8 6 in. Information concerning installation and application of
this type of coupling may be obtained from manufacturers’
instructions.352.44 Expansion Fittings

Expansion fittings are seldom used underground, where
Expansion fittings for RNC shall be provided to compensate

temperatures are relatively constant. If rigid nonmetallic
for thermal expansion and contraction where the length

conduit is buried or covered immediately, expansion and
change, in accordance with Table 352.44(A) or Table

contraction are not considered a problem.
352.44(B), is expected to be 6 mm (1⁄4 in.) or greater in a
straight run between securely mounted items such as boxes,

352.46 Bushingscabinets, elbows, or other conduit terminations.
Where a conduit enters a box, fitting, or other enclosure, a
bushing or adapter shall be provided to protect the wire fromExpansion fittings are generally provided in exposed runs
abrasion unless the box, fitting, or enclosure design providesof rigid nonmetallic conduit where (1) the run is long, (2)
equivalent protection.

Table 352.44(A) Expansion Characteristics of PVC Rigid Nonmetallic Conduit Coefficient of Thermal
Expansion = 6.084 � 10	5 mm/mm/�C (3.38 � 10–5 in./in./�F)

Temperature Length Change of PVC Temperature Length Change of PVC Temperature Length Change of PVC
Change (�C) Conduit (mm/m) Change (�F) Conduit (in./100 ft) Change (�F) Conduit (in./100 ft)

5 0.30 5 0.20 105 4.26
10 0.61 10 0.41 110 4.46
15 0.91 15 0.61 115 4.66
20 1.22 20 0.81 120 4.87
25 1.52 25 1.01 125 5.07

30 1.83 30 1.22 130 5.27
35 2.13 35 1.42 135 5.48
40 2.43 40 1.62 140 5.68
45 2.74 45 1.83 145 5.88
50 3.04 50 2.03 150 6.08

55 3.35 55 2.23 155 6.29
60 3.65 60 2.43 160 6.49
65 3.95 65 2.64 165 6.69
70 4.26 70 2.84 170 6.90
75 4.56 75 3.04 175 7.10

80 4.87 80 3.24 180 7.30
85 5.17 85 3.45 185 7.50
90 5.48 90 3.65 190 7.71
95 5.78 95 3.85 195 7.91

100 6.08 100 4.06 200 8.11
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352.120Article 352 — Rigid Nonmetallic Conduit: Type RNC

Table 352.44(B) Expansion Characteristics of Reinforced Thermosetting Resin Conduit (RTRC)
Coefficient of Thermal Expansion = 2.7 � 10–5 mm/mm/�C (1.5 � 10–5 in./in./�F)

Temperature Length Change of RTRC Temperature Length Change of RTRC Temperature Length Change of RTRC
Change (�C) Conduit (mm/m) Change (�F) Conduit (in./100 ft) Change (�F) Conduit (in./100 ft)

5 0.14 5 0.09 105 1.89
10 0.27 10 0.18 110 1.98
15 0.41 15 0.27 115 2.07
20 0.54 20 0.36 120 2.16
25 0.68 25 0.45 125 2.25

30 0.81 30 0.54 130 2.34
35 0.95 35 0.63 135 2.43
40 1.08 40 0.72 140 2.52
45 1.22 45 0.81 145 2.61
50 1.35 50 0.90 150 2.70

55 1.49 55 0.99 155 2.79
60 1.62 60 1.08 160 2.88
65 1.76 65 1.17 165 2.97
70 1.89 70 1.26 170 3.06
75 2.03 75 1.35 175 3.15
80 2.16 80 1.44 180 3.24

85 2.30 85 1.53 185 3.33
90 2.43 90 1.62 190 3.42
95 2.57 95 1.71 195 3.51

100 2.70 100 1.80 200 3.60

FPN: See 300.4(F) for the protection of conductors 4 spheres. For use above ground, it shall also be flame re-
AWG and larger at bushings. tardant, resistant to impact and crushing, resistant to

distortion from heat under conditions likely to be encoun-
352.48 Joints tered in service, and resistant to low temperature and sunlight
All joints between lengths of conduit, and between conduit effects. For use underground, the material shall be acceptably
and couplings, fittings, and boxes, shall be made by an resistant to moisture and corrosive agents and shall be of
approved method. sufficient strength to withstand abuse, such as by impact

and crushing, in handling and during installation. Where
intended for direct burial, without encasement in concrete,352.56 Splices and Taps
the material shall also be capable of withstanding continuedSplices and taps shall be made in accordance with 300.15.
loading that is likely to be encountered after installation.

352.60 Grounding
352.120 MarkingWhere equipment grounding is required, a separate equip-

ment grounding conductor shall be installed in the conduit. Each length of RNC shall be clearly and durably marked at
least every 3 m (10 ft) as required in the first sentence of

Exception No. 1: As permitted in 250.134(B), Exception
110.21. The type of material shall also be included in the

No. 2, for dc circuits and 250.134(B), Exception No. 1, for
marking unless it is visually identifiable. For conduit recog-

separately run equipment grounding conductors.
nized for use above ground, these markings shall be perma-

Exception No. 2: Where the grounded conductor is used to nent. For conduit limited to underground use only, these
ground equipment as permitted in 250.142. markings shall be sufficiently durable to remain legible until

the material is installed. Conduit shall be permitted to be
III. Construction Specifications surface marked to indicate special characteristics of the ma-

terial.352.100 Construction
RNC and fittings shall be composed of suitable nonmetallic FPN: Examples of these markings include but are not

limited to ‘‘limited smoke’’ and ‘‘sunlight resistant.’’material that is resistant to moisture and chemical atmo-
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353.1 Article 353 — High Density Polyethylene Conduit: Type HDPE Conduit

information is taken from the UL Guide Card (EAZX) inARTICLE 353
the 2004 UL General Information Directory (White Book).High Density Polyethylene Conduit:
Rigid Nonmetallic Underground Conduit,Type HDPE Conduit Plastic (EAZX)

One type of conduit under this guide card is High-density
Polyethylene Conduit: Type HDPE Conduit, Schedule 40.Summary of Changes
High-density polyethylene (HDPE) Schedule 40 conduit is• Added article covering installation, use, and construction
a plastic type of rigid nonmetallic conduit, for use only whenof Type HDPE conduit.
installed underground. The HDPE Schedule 40 conduit is
intended for direct burial with or without being encased
in concrete. The conduit is intended for use in ambient
temperatures of 50�C or less. Unless marked otherwise,

Contents HDPE Schedule 40 conduit is intended for use with wires
rated 75�C or less. HDPE Schedule 40 conduit, when directlyI. General
buried or encased in concrete, may be used with wires rated353.1 Scope
90�C or less. Where conduit emerges from underground353.2 Definition
installation, the wiring method shall be of a type recognized353.6 Listing Requirements
for the purpose. HDPE conduit is designed for joining byII. Installation
threaded couplings, drive-on couplings, or a butt-fusing pro-353.10 Uses Permitted
cess. Instructions supplied by the solvent-type, HDPE spe-

353.12 Uses Not Permitted
cific, cement manufacturer describe the method of assembly

353.20 Size and precautions to be followed. Samples of High Density
(A) Minimum Polyethylene Conduit: Type HDPE Conduit, are shown in
(B) Maximum Exhibit 353.1.

353.22 Number of Conductors
353.24 Bends — How Made
353.26 Bends — Number in One Run
353.28 Trimming
353.46 Bushings
353.48 Joints
353.56 Splices and Taps
353.60 Grounding

III. Construction Specifications
353.100 Construction
353.120 Marking

I. General
353.1 Scope
This article covers the use, installation, and construction
specifications for high density polyethylene (HDPE) conduit

Exhibit 353.1 Listed high density polyethylene conduit: Type
and associated fittings. HDPE conduit. (Courtesy of Carlon�, Lamson & Sessions)

353.2 Definition
353.6 Listing Requirements

High Density Polyethylene (HDPE) Conduit. A nonme-
HDPE conduit and associated fittings shall be listed.tallic raceway of circular cross section, with associated cou-

plings, connectors, and fittings for the installation of
II. Installationelectrical conductors.

353.10 Uses Permitted
Article 353, new for the 2005 Code, deals only with high

The use of HDPE conduit shall be permitted under thedensity polyethylene conduit, Type HDPE. The following
following conditions:
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353.100Article 353 — High Density Polyethylene Conduit: Type HDPE Conduit

(1) In discrete lengths or in continuous lengths from a reel Bending Type HDPE conduit does not follow the common
(2) In locations subject to severe corrosive influences as bending radius in Chapter 9 Table 2 but rather must conform

covered in 300.6 and where subject to chemicals for to Table 354.24.
which the conduit is listed

(3) In cinder fill
353.26 Bends — Number in One Run(4) In direct burial installations in earth or concrete
There shall not be more than the equivalent of four quarterFPN to (4): Refer to 300.5 and 300.50 for underground
bends (360 degrees total) between pull points, for example,installations.
conduit bodies and boxes.

353.12 Uses Not Permitted
353.28 Trimming

HDPE conduit shall not be used under the following condi-
All cut ends shall be trimmed inside and outside to removetions:
rough edges.

(1) Where exposed
353.46 Bushings(2) Within a building

(3) In hazardous (classified) locations, except as permitted Where a conduit enters a box, fitting, or other enclosure, a
in 504.20 bushing or adapter shall be provided to protect the wire from

(4) Where subject to ambient temperatures in excess of abrasion unless the box, fitting, or enclosure design provides
50�C (122�F) unless listed otherwise equivalent protection.

(5) For conductors or cables operating at a temperature
FPN: See 300.4(F) for the protection of conductors 4higher than the HDPE conduit listed operating tempera-
AWG and larger at bushings.

ture rating

353.48 JointsException: Conductors or cables rated at a temperature
higher than the HDPE conduit listed temperature rating All joints between lengths of conduit, and between conduit
shall be permitted to be installed in HDPE conduit, provided and couplings, fittings, and boxes, shall be made by an
they are not operated at a temperature higher than the HDPE approved method.
conduit listed temperature rating.

353.56 Splices and Taps
353.20 Size Splices and taps shall be made in accordance with 300.15.
(A) Minimum HDPE conduit smaller than metric designa-

353.60 Groundingtor 16 (trade size 1⁄2) shall not be used.
Where equipment grounding is required, a separate equip-

(B) Maximum HDPE conduit larger than metric designator ment grounding conductor shall be installed in the conduit.
103 (trade size 4) shall not be used.

Exception No. 1: The equipment grounding conductor shall
FPN: The trade sizes and metric designators are for iden- be permitted to be run separately from the conduit where
tification purposes only and do not relate to actual dimen- used for grounding dc circuits as permitted in 250.134,sions. See 300.1(C).

Exception No. 2.

Exception No. 2: The equipment grounding conductor shall353.22 Number of Conductors
not be required where the grounded conductor is used toThe number of conductors shall not exceed that permitted
ground equipment as permitted in 250.142.by the percentage fill specified in Table 1, Chapter 9.

Cables shall be permitted to be installed where such III. Construction Specifications
use is not prohibited by the respective cable articles. The

353.100 Constructionnumber of cables shall not exceed the allowable percentage
fill specified in Table 1, Chapter 9. HDPE conduit shall be composed of high density polyethyl-

ene that is resistant to moisture and chemical atmospheres.
353.24 Bends — How Made The material shall be resistant to moisture and corrosive

agents and shall be of sufficient strength to withstand abuse,Bends shall be so made that the conduit will not be damaged
and the internal diameter of the conduit will not be effectively such as by impact and crushing, in handling and during

installation. Where intended for direct burial, without en-reduced. Bends shall be permitted to be made manually
without auxiliary equipment, and the radius of the curve to casement in concrete, the material shall also be capable of

withstanding continued loading that is likely to be encoun-the centerline of such bends shall not be less than shown in
Table 354.24. tered after installation.
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353.120 Article 354 — Nonmetallic Underground Conduit with Conductors: Type NUCC

353.120 Marking Nonmetallic underground conduit with conductors (preas-
sembled conductors in conduit) has been used by electricEach length of HDPE shall be clearly and durably marked
utilities for outdoor lighting for several years. It is suppliedat least every 3 m (10 ft) as required in 110.21. The type
in continuous lengths on coils or reels or in cartons. Itof material shall also be included in the marking.
consists of nonmetallic conduit with the conductors pre-
installed by the manufacturer. The product is designed to
allow conductors to be removed and reinserted; therefore,ARTICLE 354
maintenance is an issue.

Nonmetallic Underground Conduit
with Conductors: Type NUCC

354.6 Listing Requirements
NUCC and associated fittings shall be listed.Contents

I. General II. Installation
354.1 Scope

354.10 Uses Permitted354.2 Definition
The use of NUCC and fittings shall be permitted in the354.6 Listing Requirements
following:II. Installation

354.10 Uses Permitted (1) For direct burial underground installation (For minimum
354.12 Uses Not Permitted cover requirements, see Tables 300.5 and 300.50 under
354.20 Size Rigid Nonmetallic Conduit.)

(A) Minimum (2) Encased or embedded in concrete
(B) Maximum (3) In cinder fill

354.22 Number of Conductors (4) In underground locations subject to severe corrosive
354.24 Bends — How Made influences as covered in 300.6 and where subject to
354.26 Bends — Number in One Run chemicals for which the assembly is specifically ap-
354.28 Trimming proved
354.46 Bushings
354.48 Joints 354.12 Uses Not Permitted
354.50 Conductor Terminations

NUCC shall not be used in the following:
354.56 Splices and Taps

(1) In exposed locations354.60 Grounding
(2) Inside buildingsIII. Construction Specifications

354.100 Construction Exception: The conductor or the cable portion of the assem-
(A) General bly, where suitable, shall be permitted to extend within the
(B) Nonmetallic Underground Conduit building for termination purposes in accordance with 300.3.
(C) Conductors and Cables

(3) In hazardous (classified) locations except as permitted(D) Conductor Fill
by 503.10(A), 504.20, 514.8, and 515.8, and in Class354.120 Marking
I, Division 2 locations as permitted in 501.10(B)(3)

354.20 SizeI. General
(A) Minimum NUCC smaller than metric designator 16

354.1 Scope (trade size 1⁄2) shall not be used.
This article covers the use, installation, and construction (B) Maximum NUCC larger than metric designator 103
specifications for nonmetallic underground conduit with

(trade size 4) shall not be used.
conductors (NUCC).

FPN: See 300.1(C) for the metric designators and trade
sizes. These are for identification purposes only and do

354.2 Definition not relate to actual dimensions.

Nonmetallic Underground Conduit with Conductors
354.22 Number of Conductors(NUCC). A factory assembly of conductors or cables inside

a nonmetallic, smooth wall conduit with a circular cross The number of conductors or cables shall not exceed that
permitted by the percentage fill in Table 1, Chapter 9.section.
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354.120Article 356 — Liquidtight Flexible Nonmetallic Conduit: Type LFNC

354.24 Bends — How Made 354.56 Splices and Taps
Bends shall be manually made so that the conduit will not Splices and taps shall be made in junction boxes or other

enclosures.be damaged and the internal diameter of the conduit will
not be effectively reduced. The radius of the curve of the

354.60 Groundingcenterline of such bends shall not be less than shown in
Table 354.24. Where equipment grounding is required, an assembly con-

taining a separate equipment grounding conductor shall be
Table 354.24 Minimum Bending Radius for Nonmetallic used.
Underground Conduit with Conductors (NUCC)

III. Construction Specifications
Conduit Size

Minimum Bending Radius 354.100 Construction
Metric

(A) General NUCC is an assembly that is provided in con-Designator Trade Size mm in.
tinuous lengths shipped in a coil, reel, or carton.

16 1⁄2 250 10 (B) Nonmetallic Underground Conduit The nonmetallic21 3⁄4 300 12
underground conduit shall be listed and composed of a mate-27 1 350 14
rial that is resistant to moisture and corrosive agents. It shall35 11⁄4 450 18

41 11⁄2 500 20 also be capable of being supplied on reels without damage
53 2 650 26 or distortion and shall be of sufficient strength to withstand
63 21⁄2 900 36 abuse, such as impact or crushing, in handling and during78 3 1200 48

installation without damage to conduit or conductors.103 4 1500 60

(C) Conductors and Cables Conductors and cables used
in NUCC shall be listed and shall comply with 310.8(C).
Conductors of different systems shall be installed in accor-Bending NUCC does not follow Chapter 9 Table 2 but rather
dance with 300.3(C).must conform to Table 354.24.

(D) Conductor Fill The maximum number of conductors
354.26 Bends — Number in One Run or cables in NUCC shall not exceed that permitted by the

percentage fill in Table 1, Chapter 9.There shall not be more than the equivalent of four quarter
bends (360 degrees total) between termination points.

354.120 Marking
354.28 Trimming NUCC shall be clearly and durably marked at least every
For termination, the conduit shall be trimmed away from 3.05 m (10 ft) as required by 110.21. The type of conduit
the conductors or cables using an approved method that will material shall also be included in the marking.
not damage the conductor or cable insulation or jacket. All Identification of conductors or cables used in the assem-
conduit ends shall be trimmed inside and out to remove bly shall be provided on a tag attached to each end of the
rough edges. assembly or to the side of a reel. Enclosed conductors or

cables shall be marked in accordance with 310.11.354.46 Bushings
Where the NUCC enters a box, fitting, or other enclosure,
a bushing or adapter shall be provided to protect the conduc- ARTICLE 356
tor or cable from abrasion unless the design of the box, Liquidtight Flexible Nonmetallic
fitting, or enclosure provides equivalent protection.

Conduit: Type LFNCFPN: See 300.4(F) for the protection of conductors size
4 AWG or larger.

Summary of Changes354.48 Joints
• 356.22: Revised to permit cables in LFNC if the cableAll joints between conduit, fittings, and boxes shall be made

article does not specifically prohibit such use. The numberby an approved method.
of cables is limited to the percentage fill of Table 1,

354.50 Conductor Terminations Chapter 9.
All terminations between the conductors or cables and equip- • 356.30(1): Revised securing requirements for LFNC-B
ment shall be made by an approved method for that type of where installed in lengths exceeding 6 ft.
conductor or cable.
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356.1 Article 356 — Liquidtight Flexible Nonmetallic Conduit: Type LFNC

LFNC is flame resistant and with fittings and is ap-
• 356.30(4): Added provision permitting unsupported proved for the installation of electrical conductors.

lengths of LFNC-B not to exceed 6 ft for connection
of luminaires or other equipment located in accessible FPN: FNMC is an alternative designation for LFNC.
ceilings.

• 356.42: Revised to require that fittings used with LFNC 356.6 Listing Requirements
be listed and to permit straight fittings only where directly LFNC and associated fittings shall be listed.
buried or encased in concrete.

II. Installation
356.10 Uses Permitted

Contents
LFNC shall be permitted to be used in exposed or concealed

I. General locations for the following purposes:
356.1 Scope FPN: Extreme cold may cause some types of nonmetallic
356.2 Definition conduits to become brittle and therefore more susceptible
356.6 Listing Requirements to damage from physical contact.

II. Installation
(1) Where flexibility is required for installation, operation,356.10 Uses Permitted

or maintenance356.12 Uses Not Permitted
(2) Where protection of the contained conductors is re-356.20 Size

quired from vapors, liquids, or solids(A) Minimum
(3) For outdoor locations where listed and marked as suit-(B) Maximum

able for the purpose356.22 Number of Conductors
(4) For direct burial where listed and marked for the purpose356.24 Bends — How Made
(5) Type LFNC-B shall be permitted to be installed in356.26 Bends — Number in One Run

lengths longer than 1.8 m (6 ft) where secured in accor-356.28 Trimming
dance with 356.30356.30 Securing and Supporting

(6) Type LFNC-B as a listed manufactured prewired assem-356.42 Couplings and Connectors
bly, metric designator 16 through 27 (trade size 1⁄2356.56 Splices and Taps
through 1) conduit356.60 Grounding and Bonding

III. Construction Specifications
Prewired Type LFNC-B is a listed assembly where the con-356.100 Construction
ductors are required to be installed at the manufacturing356.120 Marking
facility, where controlled conditions prevent damage to the
conductor insulation. Special cutting tools are required to

I. General be used when cutting prewired Type LFNC-B to prevent
nicking the conductor installation. This prewired assembly356.1 Scope
is shown in Exhibit 356.1.

This article covers the use, installation, and construction
specifications for liquidtight flexible nonmetallic conduit
(LFNC) and associated fittings.

356.2 Definition
Liquidtight Flexible Nonmetallic Conduit (LFNC). A
raceway of circular cross section of various types as follows:

(1) A smooth seamless inner core and cover bonded to-
gether and having one or more reinforcement layers
between the core and covers, designated as Type
LFNC-A

(2) A smooth inner surface with integral reinforcement
within the conduit wall, designated as Type LFNC-B

Exhibit 356.1 Listed manufactured prewired assembly of liq-
(3) A corrugated internal and external surface without inte- uidtight flexible nonmetallic conduit, Type B. (Courtesy of Car-

gral reinforcement within the conduit wall, designated lon�, Lamson & Sessions)
as LFNC-C
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356.30Article 356 — Liquidtight Flexible Nonmetallic Conduit: Type LFNC

If the conductors are of the same wire size, the tables356.12 Uses Not Permitted
in Annex C may be used instead of doing the calculations.LFNC shall not be used as follows:
Annex C, with 12 sets of tables, accurately indicates the

(1) Where subject to physical damage maximum number of conductors permitted in a conduit or
(2) Where any combination of ambient and conductor tem- tubing. Examples using Annex C to select a conduit or

peratures is in excess of that for which the LFNC is tubing size are provided in the commentary following the
approved introduction in the annex.

(3) In lengths longer than 1.8 m (6 ft), except as permitted To permit selection of the proper trade size of liquidtight
by 356.10(5) or where a longer length is approved as flexible nonmetallic conduit, Table 4 of Chapter 9 contains
essential for a required degree of flexibility two sections entitled ‘‘Article 356—Liquidtight Flexible

(4) Where the operating voltage of the contained conductors Nonmetallic Conduit (LFNC-B)’’ and ‘‘Article 356—
is in excess of 600 volts, nominal, except as permitted Liquidtight Flexible Nonmetallic Conduit (LFNC-A).’’ The
in 600.32(A) construction differences between these two raceway types

(5) In any hazardous (classified) location other than as per- are explained in 356.2. Annex C, Tables C.5 and C.5(A) or
mitted in 501.10(B), 502.10(A) and (B), 503.10(A), and C.6 and C.6(A) for liquidtight flexible nonmetallic conduit
504.20 (LFNC-A or LFNC-B) are also permissible.

356.20 Size
356.24 Bends — How Made(A) Minimum LFNC smaller than metric designator 16

(trade size 1⁄2) shall not be used unless permitted in Bends in conduit shall be so made that the conduit is not
356.20(A)(1) through (A)(3) for metric designator 12 (trade damaged and the internal diameter of the conduit is not
size 3⁄8). effectively reduced. Bends shall be permitted to be made

manually without auxiliary equipment. The radius of the
(1) For enclosing the leads of motors as permitted in

curve to the centerline of any bend shall not be less than
430.245(B)

shown in Table 2, Chapter 9 using the column ‘‘Other
(2) In lengths not exceeding 1.8 m (6 ft ) as part of a listed

Bends.’’
assembly for tap connections to luminaires (lighting
fixtures) as required in 410.67(C), or for utilization

Table 2 of Chapter 9 was added for the 2005 Code to replaceequipment
the 2002 Code Table 344.24, Radius of Conduit Bends. Table(3) For electric sign conductors in accordance with
2 of Chapter 9 is now the common table for raceway field600.32(A)
bend measurements.

(B) Maximum LFNC larger than metric designator 103
(trade size 4) shall not be used.

356.26 Bends — Number in One Run
FPN: See 300.1(C) for the metric designators and trade

There shall not be more than the equivalent of four quartersizes. These are for identification purposes only and do
bends (360 degrees total) between pull points, for example,not relate to actual dimensions.
conduit bodies and boxes.

356.22 Number of Conductors
356.28 TrimmingThe number of conductors shall not exceed that permitted

by the percentage fill specified in Table 1, Chapter 9. All cut ends of conduit shall be trimmed inside and outside
to remove rough edges.Cables shall be permitted to be installed where such

use is not prohibited by the respective cable articles. The
number of cables shall not exceed the allowable percentage 356.30 Securing and Supporting
fill specified in Table 1, Chapter 9. Type LFNC-B shall be securely fastened and supported in

accordance with one of the following:
Table 1 of Chapter 9 specifies the maximum fill percentage

(1) Where installed in lengths exceeding 1.8 m (6 ft), theof a conduit or tubing. Table 4 provides the usable area
conduit shall be securely fastened at intervals not ex-within the selected conduit or tubing, and Table 5 provides
ceeding 900 mm (3 ft) and within 300 mm (12 in.) onthe required area for each of the conductors. Examples using
each side of every outlet box, junction box, cabinet, orthese tables to calculate a conduit or tubing size are provided
fitting.in the commentary following Chapter 9, Table 1, Notes to

(2) Securing or supporting of the conduit shall not be re-Tables, Note 6.
quired where it is fished, installed in lengths not
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356.42 Article 358 — Electrical Metallic Tubing: Type EMT

exceeding 900 mm (3 ft) at terminals where flexibility wired manufactured assemblies shall be identified by means
of a printed tag or label attached to each end of the manufac-is required, or installed in lengths not exceeding 1.8 m

(6 ft) from a luminaire (fixture) terminal connection for tured assembly and either the carton, coil, or reel. The en-
closed conductors shall be marked in accordance withtap conductors to luminaires (lighting fixtures) permit-

ted in 410.67(C). 310.11.
(3) Horizontal runs of LFNC supported by openings

through framing members at intervals not exceeding
900 mm (3 ft) and securely fastened within 300 mm ARTICLE 358
(12 in.) of termination points shall be permitted. Electrical Metallic Tubing:(4) Securing or supporting of LFNC-B shall not be required
where installed in lengths not exceeding 1.8 m (6 ft) Type EMT
from the last point where the raceway is securely fas-
tened for connections within an accessible ceiling to

Contentsluminaire(s) [lighting fixture(s)] or other equipment.
I. General

358.1 ScopeItem (4) was added for the 2005 Code to correlate this
358.2 Definitionpermission of unsupported liquidtight flexible nonmetallic
358.6 Listing Requirementsconduit with other wiring methods permitting the same ex-

II. Installationception throughout Chapter 3. One such example is
358.10 Uses Permitted320.30(D)(3) for Type AC cable.

(A) Exposed and Concealed
(B) Corrosion Protection
(C) Wet Locations356.42 Couplings and Connectors

358.12 Uses Not PermittedOnly fittings listed for use with LFNC shall be used. Angle
358.20 Sizeconnectors shall not be used for concealed raceway installa-

(A) Minimumtions. Straight LFNC fittings are permitted for direct burial
(B) Maximumor encasement in concrete.

358.22 Number of Conductors
358.24 Bends — How Made356.56 Splices and Taps
358.26 Bends — Number in One Run

Splices and taps shall be made in accordance with 300.15. 358.28 Reaming and Threading
(A) Reaming

356.60 Grounding and Bonding (B) Threading
Where used to connect equipment where flexibility is re- 358.30 Securing and Supporting
quired, an equipment grounding conductor shall be installed. (A) Securely Fastened

Where required or installed, equipment grounding con- (B) Supports
ductors shall be installed in accordance with 250.134(B). 358.42 Couplings and Connectors

Where required or installed, equipment bonding jump- 358.56 Splices and Taps
ers shall be installed in accordance with 250.102. 358.60 Grounding

III. Construction Specifications
358.100 ConstructionIII. Construction Specifications
358.120 Marking356.100 Construction

LFNC-B as a prewired manufactured assembly shall be pro-
vided in continuous lengths capable of being shipped in a I. General
coil, reel, or carton without damage.

358.1 Scope
This article covers the use, installation, and construction356.120 Marking
specifications for electrical metallic tubing (EMT) and asso-LFNC shall be marked at least every 600 mm (2 ft) in
ciated fittings.accordance with 110.21. The marking shall include a type

designation in accordance with 356.2 and the trade size.
358.2 DefinitionConduit that is intended for outdoor use or direct burial shall

be marked. Electrical Metallic Tubing (EMT). An unthreaded thin-
wall raceway of circular cross section designed for the physi-The type, size, and quantity of conductors used in pre-
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358.24Article 358 — Electrical Metallic Tubing: Type EMT

cal protection and routing of conductors and cables and for (6) Where practicable, dissimilar metals in contact any-
where in the system shall be avoided to eliminate theuse as an equipment grounding conductor when installed

utilizing appropriate fittings. EMT is generally made of steel possibility of galvanic action
(ferrous) with protective coatings or aluminum (nonferrous).

Exception: Aluminum fittings and enclosures shall be per-
mitted to be used with steel EMT where not subject to severe358.6 Listing Requirements
corrosive influences.

EMT, factory elbows, and associated fittings shall be listed.

358.20 SizeII. Installation
(A) Minimum EMT smaller than metric designator 16358.10 Uses Permitted
(trade size 1⁄2) shall not be used.

(A) Exposed and Concealed The use of EMT shall be
Exception: For enclosing the leads of motors as permittedpermitted for both exposed and concealed work.
in 430.245(B).

(B) Corrosion Protection Ferrous or nonferrous EMT, el-
bows, couplings, and fittings shall be permitted to be in- (B) Maximum The maximum size of EMT shall be metric
stalled in concrete, in direct contact with the earth, or in designator 103 (trade size 4).
areas subject to severe corrosive influences where protected

FPN: See 300.1(C) for the metric designators and tradeby corrosion protection and judged suitable for the condition.
sizes. These are for identification purposes only and do
not relate to actual dimensions.(C) Wet Locations All supports, bolts, straps, screws, and

so forth shall be of corrosion-resistant materials or protected
against corrosion by corrosion-resistant materials. 358.22 Number of Conductors

FPN: See 300.6 for protection against corrosion. The number of conductors shall not exceed that permitted
by the percentage fill specified in Table 1, Chapter 9.

Cables shall be permitted to be installed where suchAccording to the 2004 UL General Information for Electri-
use is not prohibited by the respective cable articles. Thecal Equipment Directory (White Book), category FJMX,
number of cables shall not exceed the allowable percentagegalvanized steel electrical metallic tubing (EMT) installed
fill specified in Table 1, Chapter 9.in concrete, on grade or above, generally requires no supple-

mentary corrosion protection. Galvanized steel EMT in con-
crete slab below grade level may require supplementary Table 1 of Chapter 9 specifies the maximum fill percentage
corrosion protection. In general, galvanized steel EMT in of a conduit or tubing. Table 4 provides the usable area
contact with soil requires supplementary corrosion protec- within the selected conduit or tubing, and Table 5 provides
tion. Where galvanized steel EMT without supplementary the required area for each conductor. Examples using these
corrosion protection extends directly from concrete en- tables to calculate a conduit or tubing size are provided in
casement to soil burial, severe corrosive effects are likely the commentary following Chapter 9, Table 1, Notes to
to occur on the metal in contact with the soil. Tables, Note 6.

If the conductors are of the same wire size, instead of
doing the calculations, the tables in Annex C may be used.

358.12 Uses Not Permitted Annex C, with 12 sets of tables, accurately indicates the
EMT shall not be used under the following conditions: maximum number of conductors permitted in a conduit or

tubing. Examples using Annex C to select a conduit or(1) Where, during installation or afterward, it will be subject
tubing size are provided in the commentary following theto severe physical damage
introduction in the annex.(2) Where protected from corrosion solely by enamel

To select the proper trade size of electrical metallic(3) In cinder concrete or cinder fill where subject to perma-
tubing, the section entitled ‘‘Article 358—Electrical Metallicnent moisture unless protected on all sides by a layer
Tubing (EMT)’’ in Table 4 of Chapter 9 should be followed.of noncinder concrete at least 50 mm (2 in.) thick or
Annex C, Tables C.1 and C.1(A) for electrical metallic tubingunless the tubing is at least 450 mm (18 in.) under the
are also permissible.fill

(4) In any hazardous (classified) location except as permit-
ted by 502.10, 503.10, and 504.20

358.24 Bends — How Made(5) For the support of luminaires (fixtures) or other equip-
ment except conduit bodies no larger than the largest Bends shall be made so that the tubing is not damaged and

the internal diameter of the tubing is not effectively reduced.trade size of the tubing
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358.26 Article 358 — Electrical Metallic Tubing: Type EMT

The radius of the curve of any field bend to the centerline ‘‘Securely fastened in place’’ means the EMT must be sup-
of the tubing shall not be less than shown in Table 2, Chapter ported and secured at the prescribed intervals, as illustrated
9 for one-shot and full shoe benders. in Exhibit 358.1.

Table 2 of Chapter 9 was added for the 2005 Code to replace Exception No. 1: Fastening of unbroken lengths shall be
the 2002 Code Table 344.24, Radius of Conduit Bends. Table permitted to be increased to a distance of 1.5 m (5 ft) where
2 of Chapter 9 is now the common table for raceway field structural members do not readily permit fastening within
bend measurements. 900 mm (3 ft).

As illustrated in Exhibit 358.2, Exception No. 1 to 358.30(A)
358.26 Bends — Number in One Run permits boxes secured to ceiling or roof support structural
There shall not be more than the equivalent of four quarter members that are spaced not more than 5 ft apart to serve
bends (360 degrees total) between pull points, for example, as support for runs of EMT perpendicular to the axis of the
conduit bodies and boxes. ceiling or roof support members.

Exception No. 2: For concealed work in finished buildings358.28 Reaming and Threading
or prefinished wall panels where such securing is impracti-(A) Reaming All cut ends of EMT shall be reamed or
cable, unbroken lengths (without coupling) of EMT shall beotherwise finished to remove rough edges.
permitted to be fished.

(B) Supports Horizontal runs of EMT supported by open-In addition to a reamer, a half-round file has proved practical
ings through framing members at intervals not greater thanfor removing rough edges. The steel handle of a pair of
3 m (10 ft) and securely fastened within 900 mm (3 ft) ofpump pliers, the nose of side-cutting pliers, or an electrician’s
termination points shall be permitted.knife can be effective on the smaller sizes of EMT as well.

See the commentary following 342.30(B)(4), which applies
(B) Threading EMT shall not be threaded. to horizontal runs of intermediate metal conduit.

Exception: EMT with factory threaded integral couplings
complying with 358.100. 358.42 Couplings and Connectors

Couplings and connectors used with EMT shall be made up
358.30 Securing and Supporting tight. Where buried in masonry or concrete, they shall be

concretetight type. Where installed in wet locations, theyEMT shall be installed as a complete system in accordance
shall comply with 314.15(A).with 300.18 and shall be securely fastened in place and

supported in accordance with 358.30(A) and (B).
Fittings have been tested for use only with steel EMT unless

(A) Securely Fastened EMT shall be securely fastened in there is specific marking on the device or carton to indicate
place at least every 3 m (10 ft). In addition, each EMT run the fittings are suitable for use with aluminum or other
between termination points shall be securely fastened within material.
900 mm (3 ft) of each outlet box, junction box, device box, According to 358.6, only listed fittings are permitted to
cabinet, conduit body, or other tubing termination.

Exhibit 358.1 Minimum re-
quirements for securely fasten-
ing electrical metallic tubing
(EMT) unless an exception ap-
plies.

Support

Coupling

Support Support Support

Coupling

3 ft 3 ft4 ft

10 ft 10 ft10 ft

10 ft 10 ft

EMT
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358.120Article 360 — Flexible Metallic Tubing: Type FMT

Exhibit 358.2 An example of
an EMT installation complying
with 358.30(A), Exception
No. 1.

ClampBox connector

Roof or 
ceiling
deck

Box connectorClamps

EMT

Coupling

Box5 ft max. 4 ft 10 in.
or 

5 ft max.

4 ft 10 in.
or 

5 ft max.

358.120 Markingbe used with EMT. According to UL 797, Electrical Metallic
Tubing — Steel, listed fittings that are suitable for use in EMT shall be clearly and durably marked at least every 3
poured concrete or where exposed to rain are so indicated m (10 ft) as required in the first sentence of 110.21.
on the fitting or carton. The term raintight or the equivalent
on the carton indicates suitability for use where directly
exposed to rain. The term concretetight or equivalent on the ARTICLE 360
carton indicates suitability for use in poured concrete. See Flexible Metallic Tubing:225.22 and 230.54(A) for raintight requirements as applied
to raceways on exterior surfaces of buildings and to service Type FMT
raceways. Fittings for use in wet locations are listed for use
in wet locations.

ContentsIndentor-type fittings are for use with metallic-coated
EMT only and require a special tool supplied by the manu- I. General
facturer for proper installation. Diametrically opposed in- 360.1 Scope
dentor-type tools require two sets of indentations nominally 360.2 Definition
90 degrees apart. Triple-indent tools require one set of inden- 360.6 Listing Requirements
tations. II. Installation

360.10 Uses Permitted
360.12 Uses Not Permitted

358.56 Splices and Taps 360.20 Size
Splices and taps shall be made in accordance with 300.15. (A) Minimum

(B) Maximum
358.60 Grounding 360.22 Number of Conductors

(A) FMT — Metric Designators 16 and 21 (TradeEMT shall be permitted as an equipment grounding conductor.
Sizes 1⁄2and 3⁄4)

(B) FMT — Metric Designator 12 (Trade 3⁄8)III. Construction Specifications
360.24 Bends358.100 Construction

(A) Infrequent Flexing Use
Factory-threaded integral couplings shall be permitted. (B) Fixed Bends
Where EMT with a threaded integral coupling is used, 360.40 Boxes and Fittings
threads for both the tubing and coupling shall be factory- 360.56 Splices and Taps
made. The coupling and EMT threads shall be designed so 360.60 Grounding
as to prevent bending of the tubing at any part of the thread.
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360.1 Article 360 — Flexible Metallic Tubing: Type FMT

360.12 Uses Not Permitted
III. Construction Specifications

FMT shall not be used as follows:360.120 Marking
(1) In hoistways
(2) In storage battery rooms

I. General (3) In hazardous (classified) locations unless otherwise per-
mitted under other articles in this Code360.1 Scope

(4) Under ground for direct earth burial, or embedded in
This article covers the use, installation, and construction poured concrete or aggregate
specifications for flexible metallic tubing (FMT) and associ- (5) Where subject to physical damage
ated fittings. (6) In lengths over 1.8 m (6 ft)

Flexible metallic tubing is a type of raceway used for certain Unlike flexible metal conduit or liquidtight flexible metal
specific applications, particularly under the requirements of conduit, flexible metallic tubing is limited in use to 6-ft
300.22(B) and (C) for wiring in ducts, plenums, and other lengths.
air-handling spaces. Flexible metallic tubing is very flexible
and is rarely affected by vibration or other movement. It is

360.20 Sizean effective barrier to gases and products of combustion if
installed with matching listed fittings and is of adequate (A) Minimum FMT smaller than metric designator 16
mechanical strength for use where not exposed to physical (trade size 1⁄2) shall not be used.
damage.

Exception No. 1: FMT of metric designator 12 (trade size
Flexible metallic tubing not greater than 6 ft in length 3⁄8) shall be permitted to be installed in accordance with

is suitable for use as a raceway for branch-circuit tap conduc-
300.22(B) and (C).

tors that supply luminaires where outlet boxes are located
Exception No. 2: FMT of metric designator 12 (trade sizenot less than 1 ft from the luminaire.
3⁄8) shall be permitted in lengths not in excess of 1.8 m (6 ft)
as part of an approved assembly or for luminaires (lighting
fixtures). See 410.67(C).360.2 Definition
(B) Maximum The maximum size of FMT shall be metricFlexible Metallic Tubing (FMT). A raceway that is circu-

lar in cross section, flexible, metallic, and liquidtight without designator 21 (trade size 3⁄4).
a nonmetallic jacket. FPN: See 300.1(C) for the metric designators and trade

sizes. These are for identification purposes only and do
not relate to actual dimensions.360.6 Listing Requirements

FMT and associated fittings shall be listed. 360.22 Number of Conductors
(A) FMT — Metric Designators 16 and 21 (Trade SizesII. Installation 1⁄2 and 3⁄4) The number of conductors in metric designators
16 (trade size 1⁄2) and 21 (trade size 3⁄4) shall not exceed that360.10 Uses Permitted
permitted by the percentage fill specified in Table 1, ChapterFMT shall be permitted to be used for branch circuits as
9.follows:

Cables shall be permitted to be installed where such
use is not prohibited by the respective cable articles. The(1) In dry locations

(2) Where concealed number of cables shall not exceed the allowable percentage
fill specified in Table 1, Chapter 9.(3) In accessible locations

(4) For system voltages of 1000 volts maximum

Table 1 of Chapter 9 specifies the maximum fill percentage
of a conduit or tubing. Table 4 provides the usable areaA common application of flexible metallic tubing is as a

branch-circuit wiring method for equipment or luminaires within the selected conduit or tubing, and Table 5 provides
the required area for each of the conductors. Examples usingmounted on or above suspended ceilings. The 1000-volt

limitation prohibits the use of flexible metallic tubing for these tables to calculate a conduit or tubing size are provided
in the commentary following Chapter 9, Table 1, Notes tothe secondary circuits of sign ballasts, sign transformers,

electronic sign power supplies, or oil burner ignition trans- Tables, Note 6.
If the conductors are of the same wire size, the tablesformers unless these circuits are less than 1000 volts.
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360.120Article 362 — Electrical Nonmetallic Tubing: Type ENT

in Annex C may be used instead of doing the calculations. 360.56 Splices and Taps
Annex C, with 12 sets of tables, accurately indicates the Splices and taps shall be made in accordance with 300.15.
maximum number of conductors permitted in a conduit or
tubing. Examples using Annex C to select a conduit or

360.60 Groundingtubing size are provided in the commentary following the
FMT shall be permitted as an equipment grounding conduc-introduction in the annex.
tor where installed in accordance with 250.118(7).To select the proper trade size of flexible metallic tubing,

the section entitled ‘‘348—Flexible Metal Conduit (FMC)’’
in Table 4 of Chapter 9 or the manufacturer’s instruction III. Construction Specifications
should be followed. Annex C, Tables C.3 and C.3(A) for

360.120 Markingflexible metal conduit for sizes 1⁄2 in. and 3⁄4 in. are also
FMT shall be marked according to 110.21.permissible.

(B) FMT — Metric Designator 12 (Trade Size 3⁄8) The ARTICLE 362
number of conductors in metric designator 12 (trade size 3⁄8)

Electrical Nonmetallic Tubing:shall not exceed that permitted in Table 348.22.

Type ENT
360.24 Bends
(A) Infrequent Flexing Use Where FMT may be infre-

Summary of Changesquently flexed in service after installation, the radii of bends
measured to the inside of the bend shall not be less than • 362.12(4): Added exception permitting the installation of
specified in Table 360.24(A). conductors or cables with temperature ratings higher than

the temperature rating of the rigid nonmetallic conduit,
provided the conductors or cables are operated at a temper-

Table 360.24(A) Minimum Radii for Flexing Use
ature that does not exceed the temperature rating of the
ENT.Minimum Radii for Flexing Use

Metric • 362.22: Revised to permit cables in ENT if the cable
Designator Trade Size mm in. article does not specifically prohibit such use. The number

of cables is limited to the percentage fill of Table 1,12 3⁄8 25.4 10
Chapter 9.16 1⁄2 317.5 121⁄2

21 3⁄4 444.5 171⁄2 • 362.30: Added Exception No. 2 permitting unsupported
lengths of ENT not to exceed 6 ft for connection of lumi-
naires or other equipment located in accessible ceilings.

(B) Fixed Bends Where FMT is bent for installation pur-
poses and is not flexed or bent as required by use after
installation, the radii of bends measured to the inside of the
bend shall not be less than specified in Table 360.24(B). Contents

I. General
Table 360.24(B) Minimum Radii for Fixed Bends 362.1 Scope

362.2 Definition
Minimum Radii for Fixed 362.6 Listing Requirements

Bends
II. InstallationMetric

362.10 Uses PermittedDesignator Trade Size mm in.
362.12 Uses Not Permitted

12 3⁄8 88.9 31⁄2 362.20 Size
16 1⁄2 101.6 4 (A) Minimum
21 3⁄4 127.0 5

(B) Maximum
362.22 Number of Conductors
362.24 Bends — How Made360.40 Boxes and Fittings
362.26 Bends — Number in One Run

Fittings shall effectively close any openings in the connec- 362.28 Trimming
tion.
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362.1 Article 362 — Electrical Nonmetallic Tubing: Type ENT

362.30 Securing and Supporting
(A) Securely Fastened
(B) Supports

362.46 Bushings
362.48 Joints
362.56 Splices and Taps
362.60 Grounding

III. Construction Specifications
362.100 Construction
362.120 Marking

I. General
362.1 Scope
This article covers the use, installation, and construction
specifications for electrical nonmetallic tubing (ENT) and
associated fittings.

Exhibit 362.1 An example of electrical nonmetallic tubing (ENT).
(Courtesy of Carlon�, Lamson & Sessions)362.2 Definition

Electrical Nonmetallic Tubing (ENT). A nonmetallic pli-
able corrugated raceway of circular cross section with inte-

wall surface area level with or above finished grade. Onegral or associated couplings, connectors, and fittings for the
additional level that is the first level and not designed forinstallation of electric conductors. ENT is composed of a
human habitation and used only for vehicle parking, storage,material that is resistant to moisture and chemical atmo-
or similar use shall be permitted. The use of ENT and fittingsspheres and is flame retardant.
shall be permitted in the following:A pliable raceway is a raceway that can be bent by hand

with a reasonable force but without other assistance.
(1) In any building not exceeding three floors above grade

as follows:
Electrical nonmetallic tubing (ENT) is made of the same a. For exposed work, where not prohibited by 362.12
material (PVC) used for rigid nonmetallic conduit (Article b. Concealed within walls, floors, and ceilings
362) suitable for aboveground use. The outside diameters
of ENT (1⁄2-in. through 2-in. trade sizes only) are such that

Electrical nonmetallic tubing (ENT) is permitted to be in-standard couplings and other fittings for rigid PVC conduit
stalled either concealed or exposed. Where exposed andcan be used.
subject to physical damage, ENT is required to be protectedBecause of the corrugations, the raceway can be bent
and is limited to use in buildings not exceeding three floorsby hand and has some degree of flexibility. ENT is not
above grade, as explained in the first paragraph of 362.10.intended for use where flexibility is necessary, as at motor
Where concealed or above a suspended ceiling (exposed),terminations to prevent transmission of noise and vibration,
ENT is permitted to be installed within walls, floors, oror for connection of adjustable luminaires or moving parts.
ceilings in buildings of three floors or less without the needENT is suitable for the installation of conductors having a
for fire-rated construction. The three-floor limitation is basedtemperature rating as indicated on the product. The maxi-
on the likelihood that only a small quantity of ENT will bemum allowable ambient temperature is 122�F. Exhibit 362.1
exposed to fire and that the occupants will have adequateshows an example of electrical nonmetallic tubing.
time to exit the building before the products of combustion
make the building untenable. Exhibit 362.2 illustrates per-

362.6 Listing Requirements mitted uses of ENT in a building of three floors or less.

ENT and associated fittings shall be listed.

(2) In any building exceeding three floors above grade,II. Installation
ENT shall be concealed within walls, floors, and ceilings

362.10 Uses Permitted where the walls, floors, and ceilings provide a thermal
barrier of material that has at least a 15-minute finishFor the purpose of this article, the first floor of a building

shall be that floor that has 50 percent or more of the exterior rating as identified in listings of fire-rated assemblies.
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362.10Article 362 — Electrical Nonmetallic Tubing: Type ENT

ENT permitted in
these spaces

Building not exceeding 3 floors

In space above
suspended
celing

In space above
suspended
celing

In concealed
space Exposed

surface
not subject
to physical
damage

Exhibit 362.2 Examples of permitted uses of ENT in a building
not exceeding three floors.

The 15-minute-finish-rated thermal barrier shall be per-
mitted to be used for combustible or noncombustible
walls, floors, and ceilings.

Concealed
space

Space above
suspended
ceiling

Space above
suspended
ceiling

Thermal barrier

Thermal barrier

Thermal barrier

ENT permitted in
these spaces

Building exceeding 3 floors

Exception to (2): Where a fire sprinkler system(s) is installed
Exhibit 362.3 Examples of permitted uses of ENT in a buildingin accordance with NFPA 13-2002, Standard for the Installa-
exceeding three floors.

tion of Sprinkler Systems, on all floors, ENT shall be permit-
ted to be used within walls, floors, and ceilings, exposed or
concealed, in buildings exceeding three floors above grade.

FPN: A finish rating is established for assemblies con-
taining combustible (wood) supports. The finish ratingENT is permitted to be installed within the walls, floors, or
is defined as the time at which the wood stud or wood joistceilings of a building of any height where the walls, floors, reaches an average temperature rise of 121�C (250�F) or

or ceilings provide a thermal barrier of material that has at an individual temperature of 163�C (325�F) as measured
least a 15-minute finish rating. It is not permitted or intended on the plane of the wood nearest the fire. A finish rating

is not intended to represent a rating for a membranethat ENT be used exposed in the first three floors of a
ceiling.building that exceeds three floors except as permitted in

362.10(5). Where installed in a building over three floors,
ENT must be installed behind the 15-minute thermal barrier Interior finish is generally considered to consist of those

materials or combinations of materials that form the exposedon all floors. Exhibit 362.3 illustrates permitted uses of ENT
in a building exceeding three floors. An addition to the 2002 interior surface of walls and ceilings in a building. Common

interior finish materials include plaster, gypsum wallboard,Code, the exception to (5) concerning a fire sprinkler system,
negates the requirement for a 15-minute finish rating. wood, plywood paneling, fibrous ceiling tiles, and a variety
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362.10 Article 362 — Electrical Nonmetallic Tubing: Type ENT

it is not the intent to limit ENT to constructions consistingof wall coverings. Ordinary paint, wallpaper, or other similar
wall coverings not exceeding 1⁄28 in. in thickness are gener- of combustible support members. This section is intended

to provide a 15-minute thermal barrier as a minimum thresh-ally considered incidental to interior finish, except where
the authority having jurisdiction deems them a hazard. For old of acceptability.

Commentary Table 362.1, reproduced from the NFPAmore information regarding classification of interior finish
material, refer to 10.2.1 of NFPA 101, Life Safety Code. Fire Protection Handbook, 19th edition (Section 12, Chapter

4, Table 12.4.15), provides ratings for common finish materi-The finish rating of a wall or ceiling finish material is
the time required for the unexposed surface of the finish als. If the finish rating concealing the ENT is unknown or

is less than 15 minutes, the ENT can still be used if themembrane to reach an average temperature rise of 250�F
above ambient or an individual temperature rise at any one installation meets the criteria in 362.10, including the three-

floor limitation, where required, and the installation is notpoint not exceeding 325�F when the assembly is tested in
accordance with NFPA 251, Standard Methods of Tests of prohibited by 362.12. For finish materials not tested and

rated in the UL Fire Resistance Directory, use CommentaryFire Endurance of Building Construction and Materials
(also known as ANSI/UL 263, Standard for Fire Tests of Table 362.1.
Building Construction and Materials, or ASTM E119, Stan-
dard Test Methods for Fire Tests of Building Construction
and Materials).

(3) In locations subject to severe corrosive influences asThe finish rating of wall and ceiling finish materials
covered in 300.6 and where subject to chemicals fortested and rated by UL as part of wall and ceiling assemblies
which the materials are specifically approved.can be found in the UL Fire Resistance Directory, immedi-

(4) In concealed, dry, and damp locations not prohibitedately following the assembly rating and just below the design
by 362.12.number. Only assemblies containing combustible support

(5) Above suspended ceilings where the suspended ceilingsmembers, however, have published finish ratings. Obviously,
provide a thermal barrier of material that has at least a

Commentary Table 362.1 Various Finishes over Wood Framing, One Side (Combustible) with
Exposure on Finish Side

Fire Resistance Ratinga

Material (min)

Fiberboard, 1⁄2 in. thick 5
Fiberboard, flameproofed, 1⁄2 in. thick 10
Fiberboard, 1⁄2 in. thick, with 1⁄2 in. 1:2, 1:2 gypsum-sand plaster 15
Gypsum wallboard, 3⁄8 in. thick 10
Gypsum wallboard, 1⁄2 in. thick 15

Gypsum wallboard, 5⁄8 in. thick 20
Gypsum wallboard, laminated, two 3⁄8 in. 28
Gypsum wallboard, laminated, one 3⁄8 in. plus one 1⁄2 in. thick 37
Gypsum wallboard, laminated, two 1⁄2 in. thick 47
Gypsum wallboard, laminated, two 5⁄8 in. thick 60
Gypsum lath, plain or indented, 3⁄8 in. thick, with 1⁄2 in. 1:2, 1:2 gypsum-sand plaster 20
Gypsum lath, perforated, 3⁄8 in. thick, with 1⁄2 in. 1:2, 1:2 gypsum-sand plaster 30
Gypsum-sand plaster, 1:2, 1:3, 1⁄2 in. thick, on wood lath 15
Lime-sand plaster, 1:5, 1:7.5, 1⁄2 in. thick, on wood lath 15
Gypsum-sand plaster, 1:2, 1:2, 3⁄4 in. thick, on metal lath (no paper backing) 15

Neat gypsum plaster, 3⁄4 in. thick on metal lath (no paper backing)b 30
Neat gypsum plaster, 1 in. thick, on metal lath (no paper backing)b 35
Lime-sand plaster, 1:5, 1:7.5, 3⁄4 in. thick, on metal lath (no paper backing) 10
Portland cement plaster, 3⁄4 in. thick, on metal lath (no paper backing) 10
Gypsum-sand plaster, 1:2, 1:3, 3⁄4 in. thick, on paper-backed metal lath 20

Note: For SI units, 1 in. � 25.4 mm.
aFrom National Bureau of Standards [now known as the National Institute for Standards and Technology], BMS-92.
bUnsanded wood-fiber plaster.
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362.22Article 362 — Electrical Nonmetallic Tubing: Type ENT

15-minute finish rating as identified in listings of fire- (3) Where subject to ambient temperatures in excess of
50�C (122�F) unless listed otherwiserated assemblies, except as permitted in 362.10(1)(a).

(4) For conductors or cables operating at a temperature
Exception to (5): ENT shall be permitted to be used above

higher than the ENT listed temperature rating
suspended ceilings in buildings exceeding three floors above

Exception to (4): Conductors or cables rated at a tempera-grade where the building is protected throughout by a fire
ture higher than the ENT listed temperature rating shall besprinkler system installed in accordance with NFPA 13-
permitted to be installed in ENT, provided they are not2002, Standard for the Installation of Sprinkler Systems.
operated at a temperature higher than the ENT listed temper-

(6) Encased in poured concrete, or embedded in a concrete ature rating.
slab on grade where ENT is placed on sand or approved

(5) For direct earth burial
screenings, provided fittings identified for this purpose

(6) Where the voltage is over 600 volts
are used for connections.

(7) In exposed locations, except as permitted by 362.10(1),
(7) For wet locations indoors as permitted in this section

362.10(5), and 362.10(7)
or in a concrete slab on or below grade, with fittings

(8) In theaters and similar locations, except as provided in
listed for the purpose.

518.4 and 520.5
(8) Metric designator 16 through 27 (trade size 1⁄2 through

1) as listed manufactured prewired assembly.
See 518.4 and 520.5 for details of permitted wiring methods.

FPN: Extreme cold may cause some types of nonmetallic
conduits to become brittle and therefore more susceptible

(9) Where exposed to the direct rays of the sun, unlessto damage from physical contact.
identified as sunlight resistant

(10) Where subject to physical damagePrewired ENT is a listed assembly whose conductors must
be installed at the manufacturing facility, where controlled 362.20 Size
conditions prevent damage to the conductor insulation. Spe- (A) Minimum ENT smaller than metric designator 16
cial tools are required when cutting prewired ENT to prevent (trade size 1⁄2) shall not be used.
nicking of the conductor installation. A prewired assembly

(B) Maximum ENT larger than metric designator 53 (tradeis shown in Exhibit 362.4.
size 2) shall not be used.

FPN: See 300.1(C) for the metric designators and trade
sizes. These are for identification purposes only and do
not relate to actual dimensions.

362.22 Number of Conductors
The number of conductors shall not exceed that permitted
by the percentage fill in Table 1, Chapter 9.

Cables shall be permitted to be installed where such
use is not prohibited by the respective cable articles. The
number of cables shall not exceed the allowable percentage
fill specified in Table 1, Chapter 9.

Table 1 of Chapter 9 specifies the maximum fill percentage
of a conduit or tubing. Table 4 provides the usable area
within the selected conduit or tubing, and Table 5 provides
the required area for each conductor. Examples using theseExhibit 362.4 Listed manufactured prewired ENT assembly.
tables to calculate a conduit or tubing size are provided in(Courtesy of Carlon�, Lamson & Sessions)
the commentary following Chapter 9, Table 1, Notes to
Tables, Note 6.

362.12 Uses Not Permitted If the conductors are of the same wire size, Annex C
may be consulted. Annex C, which contains 12 sets of tables,ENT shall not be used in the following:
accurately indicates the maximum number of conductors

(1) In hazardous (classified) locations, except as permitted permitted in a conduit or tubing. Examples using Annex C
by 504.20 and 505.15(A)(1) to select a conduit or tubing size are provided in the commen-

(2) For the support of luminaires (fixtures) and other equip- tary following the introduction in the annex.
ment
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362.24 Article 362 — Electrical Nonmetallic Tubing: Type ENT

To select the proper trade size electrical nonmetallic
tubing, the section entitled ‘‘Article 362 — Electrical Non-
metallic Tubing (ENT)’’ in Table 4 of Chapter 9 should be
followed. Annex C, Tables C.2 and C.2(A) for electrical
nonmetallic tubing are also permissible.

362.24 Bends — How Made
Bends shall be so made that the tubing will not be damaged
and the internal diameter of the tubing will not be effectively
reduced. Bends shall be permitted to be made manually
without auxiliary equipment, and the radius of the curve to
the centerline of such bends shall not be less than shown in
Table 2, Chapter 9 using the column ‘‘Other Bends.’’

362.26 Bends — Number in One Run
There shall not be more than the equivalent of four quarter
bends (360 degrees total) between pull points, for example,
conduit bodies and boxes.

362.28 Trimming
All cut ends shall be trimmed inside and outside to remove
rough edges.

362.30 Securing and Supporting
ENT shall be installed as a complete system in accordance
with 300.18 and shall be securely fastened in place and
supported in accordance with 362.30(A) and (B).

(A) Securely Fastened ENT shall be securely fastened at
intervals not exceeding 900 mm (3 ft). In addition, ENT
shall be securely fastened in place within 900 mm (3 ft) of
each outlet box, device box, junction box, cabinet, or fitting
where it terminates.

3 ft

3 ft

Outlet
box

ENT

Supports

Exception No. 1: Lengths not exceeding a distance of 1.8
m (6 ft) from a luminaire (fixture) terminal connection for Exhibit 362.5 An application of 362.30(A), showing ENT sup-
tap connections to lighting luminaires (fixtures) shall be ported every 3 ft and within 3 ft of the box.
permitted without being secured.

Exception No. 2: Lengths not exceeding 1.8 m (6 ft) from
the last point where the raceway is securely fastened for
connections within an accessible ceiling to luminaire(s)
[lighting fixture(s)] or other equipment.

As illustrated in Exhibit 362.5, where ENT is run on the
surface of framing members, it is required to be fastened to
the framing member every 3 ft and within 3 ft of every box.
See 300.4(D) for provisions on protection against physical
damage.

As illustrated in Exhibit 362.6, ENT is permitted to be Suspended ceiling Luminaires

21

ENT
6 ft max.
length

without support

used as fixture whip without support for lengths not ex-
ceeding 6 ft. See 410.67(C) for details on tap conductor Exhibit 362.6 An application of 362.30(A), Exception No. 1,

showing ENT unsupported in lengths not exceeding 6 ft.wiring.
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362.120Article 366 — Auxiliary Gutters

(B) Supports Horizontal runs of ENT supported by open- ARTICLE 366
ings in framing members at intervals not exceeding 900 Auxiliary Guttersmm (3 ft) and securely fastened within 900 mm (3 ft) of
termination points shall be permitted.

Summary of Changes
362.46 Bushings • General: Rearranged and renumbered to coordinate with
Where a tubing enters a box, fitting, or other enclosure, a format of other Chapter 3 raceway articles.
bushing or adapter shall be provided to protect the wire from • 366.2: Added section with definitions of metallic auxiliary
abrasion unless the box, fitting, or enclosure design provides gutters and nonmetallic auxiliary gutters.
equivalent protection.

• 366.10 and 366.12: Added new sections detailing uses
permitted and uses not permitted of auxiliary gutters.FPN: See 300.4(F) for the protection of conductors size

4 AWG or larger. • 366.58(A): Revised to specify that the minimum dimen-
sion for conductor deflection space is based on the one
wire per terminal dimension from Table 312.6(A).362.48 Joints

• 366.58(B): Added requirement for sizing an auxiliary gut-All joints between lengths of tubing and between tubing
ter used as a pull box.and couplings, fittings, and boxes shall be by an approved

method.

362.56 Splices and Taps
Contents

Splices and taps shall be made only in accordance with
I. General300.15.

366.1 Scope
FPN: See Article 314 for rules on the installation and 366.2 Definitions
use of boxes and conduit bodies. 366.6 Listing Requirements

(A) Outdoors
362.60 Grounding (B) Indoors

II. InstallationWhere equipment grounding is required, a separate equip-
366.10 Uses Permittedment grounding conductor shall be installed in the raceway.

(A) Sheet Metal Auxiliary Gutters
(B) Nonmetallic Auxiliary GuttersIII. Construction Specifications

366.12 Uses Not Permitted
362.100 Construction 366.22 Number of Conductors
ENT shall be made of material that does not exceed the (A) Sheet Metal Auxiliary Gutters
ignitibility, flammability, smoke generation, and toxicity (B) Nonmetallic Auxiliary Gutters
characteristics of rigid (nonplasticized) polyvinyl chloride. 366.23 Ampacity of Conductors

ENT, as a prewired manufactured assembly, shall be (A) Sheet Metal Auxiliary Gutters
provided in continuous lengths capable of being shipped in (B) Nonmetallic Auxiliary Gutters
a coil, reel, or carton without damage. 366.30 Securing and Supporting

(A) Sheet Metal Auxiliary Gutters
362.120 Marking (B) Nonmetallic Auxiliary Gutters

366.44 Expansion FittingsENT shall be clearly and durably marked at least every 3
366.56 Splices and Tapsm (10 ft) as required in the first sentence of 110.21. The type

(A) Within Guttersof material shall also be included in the marking. Marking for
limited smoke shall be permitted on the tubing that has (B) Bare Conductors
limited smoke-producing characteristics. (C) Suitably Identified

The type, size, and quantity of conductors used in pre- (D) Overcurrent Protection
wired manufactured assemblies shall be identified by means 366.58 Insulated Conductors
of a printed tag or label attached to each end of the manufac- (A) Deflected Insulated Conductors
tured assembly and either the carton, coil, or reel. The en- (B) Auxiliary Gutters Used as Pull Boxes
closed conductors shall be marked in accordance with 366.60 Grounding
310.11.
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366.1 Article 366 — Auxiliary Gutters

are required to be constructed and installed to ensure ade-
III. Construction Specifications quate electrical and mechanical continuity of the complete

366.100 Construction system per 250.118(14).
(A) Electrical and Mechanical Continuity
(B) Substantial Construction
(C) Smooth Rounded Edges II. Installation
(D) Covers

366.10 Uses Permitted(E) Clearance of Bare Live Parts
Auxiliary gutters shall be permitted to supplement wiring366.120 Marking
spaces at meter centers, distribution centers, switchboards,(A) Outdoors
and similar points of wiring systems and may enclose con-(B) Indoors
ductors or busbars.

I. General (A) Sheet Metal Auxiliary Gutters

(1) Indoor and Outdoor Use Sheet metal auxiliary gutters366.1 Scope
shall be permitted for indoor and outdoor use.This article covers the use, installation, and construction

requirements of metal auxiliary gutters and nonmetallic aux- (2) Wet Locations Sheet metal auxiliary gutters installed
iliary gutters and associated fittings. in wet locations shall be suitable for such locations.

366.2 Definitions (B) Nonmetallic Auxiliary Gutters Nonmetallic auxiliary
gutters shall be listed for the maximum ambient temperature

These definitions are new for the 2005 Code. of the installation and marked for the installed conductor
insulation temperature rating.

Metallic Auxiliary Gutters. Sheet metal enclosures with (1) Outdoors Nonmetallic auxiliary gutters shall be per-
hinged or removable covers for housing and protecting elec- mitted to be installed outdoors where listed and marked as
tric wires, cable, and busbars in which conductors are laid suitable for the purpose.
in place after the wireway has been installed as a complete

FPN: Extreme cold may cause nonmetallic auxiliary gut-system.
ter to become brittle and therefore more susceptible to

Nonmetallic Auxiliary Gutters. Flame retardant, nonme- damage from physical contact.
tallic enclosures with removable covers for housing and

(2) Indoors Nonmetallic auxiliary gutters shall be permit-protecting electric wires, cable, and busbars in which con-
ted to be installed indoors.ductors are laid in place after the wireway has been installed

as a complete system.
This section provides requirements for both indoor and out-

366.6 Listing Requirements door installations. Both metal and nonmetallic gutters must
have expansion fittings where temperature changes are ex-(A) Outdoors Nonmetallic auxiliary gutters installed out-
pected to change gutter length more than 1⁄4 in. accordingdoors shall comply with the following:
to 366.44. See the fine print note following 378.44 regarding

(1) Be listed as suitable for exposure to sunlight expansion characteristics of PVC rigid nonmetallic conduit
(2) Be listed as suitable for use in wet locations and PVC nonmetallic wireway.
(3) Be listed for maximum ambient temperature of the in-

stallation

366.12 Uses Not Permitted(B) Indoors Nonmetallic auxiliary gutters installed indoors
Auxiliary gutters shall not be used under the following condi-shall be listed for the maximum ambient temperature of the
tions:installation.

(1) To enclose switches, overcurrent devices, appliances,
Only nonmetallic auxiliary gutters are required to be listed. or other similar equipment.
Auxiliary gutter sections and associated fittings are identical (2) To extend a greater distance than 9 m (30 ft) beyond
to those of wireways and if listed by UL bear the UL listing the equipment that it supplements.
mark ‘‘Listed Wireway’’ or ‘‘Auxiliary Gutter.’’ They differ

Exception: As permitted in 620.35 for elevators, an auxil-only in their intended use. See the commentary following
iary gutter shall be permitted to extend a distance greater376.2 for a comparative discussion. Gutters (and wireways)
than 9 m (30 ft) beyond the equipment it supplements.
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366.56Article 366 — Auxiliary Gutters

FPN: For wireways, see Articles 376 and 378. For bus- tinuously in bare copper bars in sheet metal auxiliary gutters
ways, see Article 368. shall not exceed 1.55 amperes/mm2 (1000 amperes/in.2) of

cross section of the conductor. For aluminum bars, the cur-
366.22 Number of Conductors rent carried continuously shall not exceed 1.09 amperes/
(A) Sheet Metal Auxiliary Gutters The sum of the cross- mm2 (700 amperes/in.2) of cross section of the conductor.
sectional areas of all contained conductors at any cross sec-

(B) Nonmetallic Auxiliary Gutters The derating factorstion of a sheet metal auxiliary gutter shall not exceed 20
specified in 310.15(B)(2)(a) shall be applicable to the cur-percent of the interior cross-sectional area of the sheet metal
rent-carrying conductors in the nonmetallic auxiliary gutter.auxiliary gutter. The derating factors in 310.15(B)(2)(a) shall

be applied only where the number of current-carrying con-
366.30 Securing and Supportingductors, including neutral conductors classified as current-
(A) Sheet Metal Auxiliary Gutters Sheet metal auxiliarycarrying under the provisions of 310.15(B)(4), exceeds 30.
gutters shall be supported throughout their entire length atConductors for signaling circuits or controller conductors
intervals not exceeding 1.5 m (5 ft).between a motor and its starter and used only for starting

duty shall not be considered as current-carrying conductors.
(B) Nonmetallic Auxiliary Gutters Nonmetallic auxiliary
gutters shall be supported at intervals not to exceed 900 mm(B) Nonmetallic Auxiliary Gutters The sum of cross-sec-
(3 ft) and at each end or joint, unless listed for other supporttional areas of all contained conductors at any cross section
intervals. In no case shall the distance between supportsof the nonmetallic auxiliary gutter shall not exceed 20 per-
exceed 3 m (10 ft).cent of the interior cross-sectional area of the nonmetallic

auxiliary gutter.
366.44 Expansion Fittings

Section 366.22 calls out the requirements for metal and Expansion fittings shall be installed where expected length
nonmetallic auxiliary gutters. A common requirement for change, due to expansion and contraction due to temperature
both types of auxiliary gutters is that all the contained con- change, is more than 6 mm (0.25 in.).
ductors must not exceed 20 percent fill of the interior cross-
sectional area of the gutter. The dimensions of insulated 366.56 Splices and Taps
conductors, found in Tables 5 and 5A of Chapter 9, may be Splices and taps shall comply with 366.56(A) through (D).
used to calculate the size of auxiliary gutters.

(A) Within Gutters Splices or taps shall be permittedWhere sheet metal auxiliary gutters contain 30 or fewer
within gutters where they are accessible by means of remov-current-carrying conductors, the correction factors in
able covers or doors. The conductors, including splices and310.15(B)(2) do not apply. However, if more than 30 conduc-
taps, shall not fill the gutter to more than 75 percent of itstors are installed in a sheet metal auxiliary gutter, the ampac-
area.ity adjustment factors of 310.15(B)(2) apply, and there is

no limit on the number of current-carrying conductors up
(B) Bare Conductors Taps from bare conductors shallto the 20 percent fill.
leave the gutter opposite their terminal connections, andThe requirements for nonmetallic auxiliary gutters limit
conductors shall not be brought in contact with uninsulatedthe cross-sectional area of all conductors to 20 percent. There
current-carrying parts of different potential.is no 30-conductor allowance. The derating factors specified

in 310.15(B)(2) must be applied as stated in 366.23(B). (C) Suitably Identified All taps shall be suitably identified
See the example for calculating the size of a wireway at the gutter as to the circuit or equipment that they supply.

in the commentary following 376.22. This calculation
method is also applicable to auxiliary gutters. (D) Overcurrent Protection Tap connections from con-

No limit is placed on the size of conductors that may ductors in auxiliary gutters shall be provided with overcur-
be installed in an auxiliary gutter; however, see 366.23(A) rent protection as required in 240.21.
for ampacity limitations of bare copper or aluminum busbars
enclosed in gutters. To prevent abrasion of the conductor insulation, suitable

bushings, shields, and so on, must be provided where con-
ductors pass around bends or between gutters and cabinets366.23 Ampacity of Conductors
and other locations. Sections 366.56(C) and 366.56(D) re-

(A) Sheet Metal Auxiliary Gutters Where the number of quire all taps from gutters to be identified (as to circuits
current-carrying conductors contained in the sheet metal or equipment) and protected with overcurrent devices per
auxiliary gutter is 30 or less, the correction factors specified 240.21.
in 310.15(B)(2)(a) shall not apply. The current carried con-
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366.58 Article 368 — Busways

366.58 Insulated Conductors 366.120 Marking
(A) Deflected Insulated Conductors Where insulated (A) Outdoors Nonmetallic auxiliary gutters installed out-
conductors are deflected within an auxiliary gutter, either at doors shall have the following markings:
the ends or where conduits, fittings, or other raceways or

(1) Suitable for exposure to sunlightcables enter or leave the gutter, or where the direction of
(2) Suitable for use in wet locationsthe gutter is deflected greater than 30 degrees, dimensions
(3) Installed conductor insulation temperature ratingcorresponding to one wire per terminal in Table 312.6(A)

shall apply. (B) Indoors Nonmetallic auxiliary gutters installed indoors
shall have the following markings:

Also, conductors are required to be shaped or formed in a
(1) Installed conductor insulation temperature rating

permanent manner so that they are not in contact with bare
busbars within the gutter.

ARTICLE 368
(B) Auxiliary Gutters Used as Pullboxes Where insulated Busways
conductors 4 AWG or larger are pulled through an auxiliary
gutter, the distance between raceway and cable entries en-
closing the same conductor shall not be less than that re- Summary of Changes
quired in 314.28(A)(1) for straight pulls and 314.28(A)(2) • General: Rearranged and renumbered to coordinate with
for angle pulls. format of other Chapter 3 raceway articles.

366.60 Grounding
Metal auxiliary gutters shall be grounded.

ContentsIII. Construction Specifications
I. General Requirements

366.100 Construction 368.1 Scope
368.2 Definition(A) Electrical and Mechanical Continuity Gutters shall

II. Installationbe constructed and installed so that adequate electrical and
368.10 Uses Permittedmechanical continuity of the complete system is secured.

(A) Exposed(B) Substantial Construction Gutters shall be of substan-
(B) Concealed

tial construction and shall provide a complete enclosure for
(C) Through Walls and Floors

the contained conductors. All surfaces, both interior and
368.12 Uses Not Permitted

exterior, shall be suitably protected from corrosion. Corner
(A) Physical Damage

joints shall be made tight, and where the assembly is held
(B) Hoistways

together by rivets, bolts, or screws, such fasteners shall be
(C) Hazardous Locations

spaced not more than 300 mm (12 in.) apart.
(D) Wet Locations

(C) Smooth Rounded Edges Suitable bushings, shields, (E) Working Platform
or fittings having smooth, rounded edges shall be provided 368.17 Overcurrent Protection
where conductors pass between gutters, through partitions, (A) Rating of Overcurrent Protection — Feeders
around bends, between gutters and cabinets or junction (B) Reduction in Ampacity Size of Busway
boxes, and at other locations where necessary to prevent (C) Feeder or Branch Circuits
abrasion of the insulation of the conductors. (D) Rating of Overcurrent Protection — Branch

Circuits(D) Covers Covers shall be securely fastened to the gutter.
368.30 Support

(E) Clearance of Bare Live Parts Bare conductors shall 368.56 Branches from Busways
be securely and rigidly supported so that the minimum clear- (A) General
ance between bare current-carrying metal parts of different (B) Cord and Cable Assemblies
potential mounted on the same surface will not be less than (C) Branches from Trolley-Type Busways
50 mm (2 in.), nor less than 25 mm (1 in.) for parts that are 368.58 Dead Ends
held free in the air. A clearance not less than 25 mm (1 in.) 368.60 Grounding
shall be secured between bare current-carrying metal parts III. Construction
and any metal surface. Adequate provisions shall be made 368.120 Marking
for the expansion and contraction of busbars.
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368.10Article 368 — Busways

intended for use as equipment grounding conductors. Some
IV. Requirements for Over 600 Volts, Nominal busways are not intended for use ahead of service equipment

368.214 Adjacent and Supporting Structures and are marked with the maximum rating of overcurrent
368.234 Barriers and Seals protection to be used on the supply side of the busway.

(A) Vapor Seals Busways that have been investigated to determine suitability
(B) Fire Barriers for installation in a specified position, for use in vertical

368.236 Drain Facilities runs, for support at intervals greater than 5 ft, or for outdoor
368.237 Ventilated Bus Enclosures use are so marked. This marking is on or contiguous to
368.238 Terminations and Connections the nameplate incorporating the manufacturer’s name and
368.239 Switches electrical rating. A busway or fitting containing a vapor seal
368.240 Wiring 600 Volts or Less, Nominal is so marked, but unless marked otherwise, the busway or
368.244 Expansion Fittings fitting has not been investigated for passage through a fire
368.258 Neutral wall.
368.260 Grounding Short-run busways are marked to limit the run to 30 ft
368.320 Marking or less and no more than 10 ft vertically. They are intended

primarily to feed switchboards. Except for transformer stubs,
short-run busways are not intended to have intermediate taps.I. General Requirements
Short-run busways are not ventilated and may be marked for

368.1 Scope outdoor use.
Busways and associated fittings marked ‘‘ShortThis article covers service-entrance, feeder, and branch-

Circuit Current Rating(s) Maximum rms Symmetricalcircuit busways and associated fittings.
Amps Volts ’’ have been investigated for

368.2 Definition the rating indicated.
Busways that are intended to supply and support indus-Busway. A grounded metal enclosure containing factory-

trial and commercial luminaires are classified as ‘‘Lightingmounted, bare or insulated conductors, which are usually
Busway’’ and are so marked. Trolley busway is markedcopper or aluminum bars, rods, or tubes.
‘‘Trolley Busway’’ and is additionally marked ‘‘Lighting

FPN: For cablebus, refer to Article 370. Busway’’ if intended to supply and support industrial and
commercial luminaires. Busway with provision for insertion

Exhibit 368.1 shows a 10-ft section of feeder busway. See of plug-in devices at any point along its length and intended
Exhibit 100.1 for other example illustrations. for general use is classified as ‘‘Continuous Plug-in Bus-

way’’ and is so marked. The marking is contiguous to the
marking of themanufacturer’s name and the electrical rating.

Busway marked ‘‘Lighting Busway’’ and protected by
overcurrent devices rated in excess of 20 amperes is intended
for use only with luminaires employing heavy-duty lamp-
holders unless additional overcurrent protection is provided
for the luminaire in accordance with this Code.

Trolley busway should be installed out of the reach of
people, or it should be otherwise installed to prevent acciden-
tal contact with exposed conductors.

II. Installation
368.10 Uses Permitted
Busways shall be permitted to be installed where they are
located in accordance with 368.10(A) through (C).

Exhibit 368.1 A 10-ft section of feeder busway.
(A) Exposed Busways shall be permitted to be located in

According to the 2004 UL Electrical Construction the open where visible, except as permitted in 368.10(C).
Equipment Directory, category CWFT, busways and short-

(B) Concealed Busways shall be permitted to be installedrun busways are provided with metal enclosures. These en-
behind access panels, provided the busways are totally en-closures and in some cases an additional ground bus are
closed, of nonventilating-type construction, and installed so
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368.12 Article 368 — Busways

that the joints between sections and at fittings are accessible vertical rise of the busway. Spills can cause extensive dam-
for maintenance purposes. Where installed behind access age to the busway and the building’s electrical system. The
panels, means of access shall be provided, and either of the addition of a 4-in. curb encircling the busway can help
following conditions shall be met: eliminate this potentially dangerous situation.
(1) The space behind the access panels shall not be used

for air-handling purposes.
368.12 Uses Not Permitted(2) Where the space behind the access panels is used for
(A) Physical Damage Busways shall not be installedenvironmental air, other than ducts and plenums, there
where subject to severe physical damage or corrosive vapors.shall be no provisions for plug-in connections, and the

conductors shall be insulated.
(B) Hoistways Busways shall not be installed in hoistways.

(C) Hazardous Locations Busways shall not be installedUnless busways are mounted in the open and are visible,
in any hazardous (classified) location, unless specificallythe installation must comply with 368.10(B). Busways are
approved for such use.commonly used as feeders and are mounted horizontally

in industrial buildings or mounted vertically in high-rise
FPN: See 501.10(B).

buildings. See Exhibit 100.2 for an example of a busway
mounted above a hung ceiling. (D) Wet Locations Busways shall not be installed outdoors

or in wet or damp locations unless identified for such use.

(C) Through Walls and Floors Busways shall be permit- (E) Working Platform Lighting busway and trolley bus-
ted to be installed through walls or floors in accordance with

way shall not be installed less than 2.5 m (8 ft) above the
(C)(1) and (C)(2).

floor or working platform unless provided with a cover
(1) Walls Unbroken lengths of busway shall be permitted identified for the purpose.
to be extended through dry walls.

368.17 Overcurrent Protection(2) Floors Floor penetrations shall comply with (a) and (b):
Overcurrent protection shall be provided in accordance with(a) Busways shall be permitted to be extended vertically
368.17(A) through (D).through dry floors if totally enclosed (unventilated) where

passing through and for a minimum distance of 1.8 m (6 ft)
The rated ampacity of a busway is based on the allowableabove the floor to provide adequate protection from physical
temperature rise of the conductors and can be determineddamage.
in the field only by reference to the nameplate data. The(b) In other than industrial establishments, where a ver-
requirements of 240.4(B) and 240.4(C) are applicable totical riser penetrates two or more dry floors, a minimum
busways.100-mm (4-in.) high curb shall be installed around all floor

openings for riser busways to prevent liquids from entering
the opening. The curb shall be installed within 300 mm (12

(A) Rating of Overcurrent Protection — Feeders A bus-in.) of the floor opening. Electrical equipment shall be lo-
way shall be protected against overcurrent in accordancecated so that it will not be damaged by liquids that are
with the allowable current rating of the busway.retained by the curb.
Exception No. 1: The applicable provisions of 240.4 shallFPN: See 300.21 for information concerning the spread
be permitted.of fire or products of combustion.

Exception No. 2: Where used as transformer secondary ties,
the provisions of 450.6(A)(3) shall be permitted.A busway or fitting containing a vapor seal is so marked,

but, unless marked otherwise, the busway or fitting has not
(B) Reduction in Ampacity Size of Busway Overcurrent

been investigated for passage through a fire-rated wall. The
protection shall be required where busways are reduced in

requirements of 300.21 are extremely important in order to
ampacity.

confine a fire and the products of combustion at their origin.
Exception: For industrial establishments only, omission ofSection 368.10(C)(2)(b) requires that a curb be placed
overcurrent protection shall be permitted at points wherearound a busway if the busway penetrates two or more dry
busways are reduced in ampacity, provided that the lengthfloors. Experience has shown that if liquid spills occur on
of the busway having the smaller ampacity does not exceedupper floors of normally dry buildings, the spilled liquid
15 m (50 ft) and has an ampacity at least equal to one-thirdoften flows to the busway floor penetration and down the
the rating or setting of the overcurrent device next back on
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368.56Article 368 — Busways

the line, and provided that such busway is free from contact Exhibit 368.2 shows an example of a cable or cord branch
with combustible material. from a busway installed according to the provisions of

368.56(B)(2).
In industrial establishments, where the size of a smaller
busway is kept within the specified limits, the additional
cost of providing overcurrent protection at the point where
the size is changed is not warranted. For example, a busway
protected by a 1200-ampere overcurrent device may be re-
duced in size, provided the smaller busway has a current
rating of 400 amperes (1⁄3 of 1200 amperes) and does not
extend more than 50 ft. In this case, overcurrent protection
would be required if the smaller busway were rated less
than 400 amperes (e.g., 200 amperes, 300 amperes).

(C) Feeder or Branch Circuits Where a busway is used
as a feeder, devices or plug-in connections for tapping off
feeder or branch circuits from the busway shall contain the
overcurrent devices required for the protection of the feeder
or branch circuits. The plug-in device shall consist of an
externally operable circuit breaker or an externally operable

ON

OFF

Max. distance for support

Branches from busways
Connection to
building structure

6 ft

fusible switch. Where such devices are mounted out of reach
and contain disconnecting means, suitable means such as

Exhibit 368.2 An example of a cable or cord branch from aropes, chains, or sticks shall be provided for operating the
busway installed according to 368.56(B).disconnecting means from the floor.

Section 400.9 specifically prohibits the installation ofExternally operated fused switches and circuit breakers that
spliced cords. Exhibit 368.3 shows an example of a cableare plugged into busways and mounted out of reach are to
or cord branch from a busway installed according tobe considered accessible if operated by means such as ropes,
368.56(B)(2), Exception.chains, or hooksticks.

Exception No. 1: As permitted in 240.21.

Exception No. 2: For fixed or semifixed luminaires (lighting
fixtures), where the branch-circuit overcurrent device is part
of the luminaire (fixture) cord plug on cord-connected lumi-
naires (fixtures).

Exception No. 3: Where luminaires (fixtures) without cords
are plugged directly into the busway and the overcurrent
device is mounted on the luminaire (fixture).

(D) Rating of Overcurrent Protection — Branch Cir-
cuits A busway used as a branch circuit shall be protected
against overcurrent in accordance with 210.20.

368.30 Support
Busways shall be securely supported at intervals not ex-

ON

OFF

ON

OFF

ON

OFF

8 ft8 ft8 ft

Max. distance for support for bus drop cable in industrial
facilities where qualified persons will service the installation

Branches from busways

ceeding 1.5 m (5 ft) unless otherwise designed and marked.

Exhibit 368.3 An example of an installation permitted only in368.56 Branches from Busways
industrial occupancies with other restrictions, according to

Branches from busways shall be permitted to be made in 368.56(B)(2), Exception.
accordance with 368.56(A), (B), and (C).
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368.58 Article 368 — Busways

(A) General Branches from busways shall be permitted to 368.58 Dead Ends
use any of the following wiring methods: A dead end of a busway shall be closed.

(1) Type AC armored cable
368.60 Grounding(2) Type MC metal-clad cable

(3) Type MI mineral-insulated, metal-sheathed cable Busway shall be grounded.
(4) Type IMC intermediate metal conduit
(5) Type RMC rigid metal conduit III. Construction
(6) Type FMC flexible metal conduit

368.120 Marking(7) Type LFMC liquidtight flexible metal conduit
(8) Type RNC rigid nonmetallic conduit Busways shall be marked with the voltage and current rating
(9) Type LFNC liquidtight flexible nonmetal conduit for which they are designed, and with the manufacturer’s

(10) Type EMT electrical metallic tubing name or trademark in such a manner as to be visible after
(11) Type ENT electrical nonmetallic tubing installation.
(12) Busways
(13) Strut-type channel raceway IV. Requirements for Over
(14) Surface metal raceways 600 Volts, Nominal
(15) Surface nonmetallic raceways

368.214 Adjacent and Supporting Structures
Where a separate equipment grounding conductor is Metal-enclosed busways shall be installed so that tempera-

used, connection of the equipment grounding conductor to ture rise from induced circulating currents in any adjacent
the busway shall comply with 250.8 and 250.12. metallic parts will not be hazardous to personnel or constitute

a fire hazard.
(B) Cord and Cable Assemblies Suitable cord and cable
assemblies approved for extra-hard usage or hard usage, and

368.234 Barriers and Sealslisted bus drop cable shall be permitted as branches from
(A) Vapor Seals Busway runs that have sections locatedbusways for the connection of portable equipment or the
both inside and outside of buildings shall have a vapor sealconnection of stationary equipment to facilitate their inter-
at the building wall to prevent interchange of air betweenchange in accordance with 400.7 and 400.8 and the following
indoor and outdoor sections.conditions:

Exception: Vapor seals shall not be required in forced-(1) The cord or cable shall be attached to the building by
cooled bus.an approved means.

(2) The length of the cord or cable from a busway plug-in
(B) Fire Barriers Fire barriers shall be provided where firedevice to a suitable tension take-up support device shall
walls, floors, or ceilings are penetrated.not exceed 1.8 m (6 ft).

(3) The cord and cable shall be installed as a vertical riser FPN: See 300.21 for information concerning the spread
from the tension take-up support device to the equip- of fire or products of combustion.
ment served.

(4) Strain relief cable grips shall be provided for the cord 368.236 Drain Facilities
or cable at the busway plug-in device and equipment Drain plugs, filter drains, or similar methods shall be pro-
terminations. vided to remove condensed moisture from low points in

busway run.Exception to (B)(2): In industrial establishments only, where
the conditions of maintenance and supervision ensure that
only qualified persons service the installation, lengths ex- 368.237 Ventilated Bus Enclosures
ceeding 1.8 m (6 ft) shall be permitted between the busway Ventilated busway enclosures shall be installed in accor-
plug-in device and the tension take-up support device where dance with Article 110, Part III, and 490.24.
the cord or cable is supported at intervals not exceeding
2.5 m (8 ft). 368.238 Terminations and Connections
(C) Branches from Trolley-Type Busways Suitable cord Where bus enclosures terminate at machines cooled by flam-

mable gas, seal-off bushings, baffles, or other means shalland cable assemblies approved for extra-hard usage or hard
usage and listed bus drop cable shall be permitted as branches be provided to prevent accumulation of flammable gas in

the busway enclosures.from trolley-type busways for the connection of movable
equipment in accordance with 400.7 and 400.8. All conductor termination and connection hardware
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370.3Article 370 — Cablebus

shall be accessible for installation, connection, and mainte- ARTICLE 370
nance. Cablebus
368.239 Switches

ContentsSwitching devices or disconnecting links provided in the
busway run shall have the same momentary rating as the 370.1 Scope
busway. Disconnecting links shall be plainly marked to be 370.2 Definition
removable only when bus is de-energized. Switching devices 370.3 Use
that are not load-break shall be interlocked to prevent opera- 370.4 Conductors
tion under load, and disconnecting link enclosures shall be (A) Types of Conductors
interlocked to prevent access to energized parts. (B) Ampacity of Conductors

(C) Size and Number of Conductors
(D) Conductor Supports368.240 Wiring 600 Volts or Less, Nominal

370.5 Overcurrent ProtectionSecondary control devices and wiring that are provided as
370.6 Support and Extension Through Walls and Floorspart of the metal-enclosed bus run shall be insulated by fire-

(A) Supportretardant barriers from all primary circuit elements with the
(B) Transversely Routedexception of short lengths of wire, such as at instrument
(C) Through Dry Floors and Platformstransformer terminals.
(D) Through Floors and Platforms in Wet Locations

370.7 Fittings368.244 Expansion Fittings
370.8 Conductor Terminations

Flexible or expansion connections shall be provided in long, 370.9 Grounding
straight runs of bus to allow for temperature expansion or 370.10 Marking
contraction, or where the busway run crosses building vibra-
tion insulation joints.

370.1 Scope
368.258 Neutral This article covers the use and installation requirements of

cablebus and associated fittings.Neutral bus, where required, shall be sized to carry all neutral
load current, including harmonic currents, and shall have

370.2 Definitionadequate momentary and short-circuit rating consistent with
system requirements. Cablebus. An assembly of insulated conductors with fit-

tings and conductor terminations in a completely enclosed,
368.260 Grounding ventilated protective metal housing. Cablebus is ordinarily

assembled at the point of installation from the componentsMetal-enclosed busway shall be grounded.
furnished or specified by the manufacturer in accordance
with instructions for the specific job. This assembly is de-368.320 Marking
signed to carry fault current and to withstand the magnetic

Each busway run shall be provided with a permanent name- forces of such current.
plate on which the following information shall be provided:

(1) Rated voltage. As shown in Exhibit 370.1, cablebus consists of a metal
(2) Rated continuous current; if bus is forced-cooled, both structure or framework installed in a manner similar to that

the normal forced-cooled rating and the self-cooled (not for a cable tray support system. Insulated conductors, 1/0
forced-cooled) rating for the same temperature rise shall AWG or larger, are field installed within the framework on
be given. special insulating blocks at specified intervals to provide

(3) Rated frequency. controlled spacing between conductors. To completely en-
(4) Rated impulse withstand voltage. close the conductors, a ventilated top cover is attached to
(5) Rated 60-Hz withstand voltage (dry). the framework.
(6) Rated momentary current.
(7) Manufacturer’s name or trademark.

370.3 Use
FPN: See ANSI C37.23-1987 (R1991), Guide for Metal-

Approved cablebus shall be permitted at any voltage orEnclosed Bus and Calculating Losses in Isolated-Phase
current for which spaced conductors are rated and shall beBus, for construction and testing requirements for metal-

enclosed buses. installed only for exposed work, except as permitted in 370.6.
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370.4 Article 370 — Cablebus

ported at intervals not greater than 900 mm (3 ft) for hori-
zontal runs and 450 mm (11⁄2 ft) for vertical runs. Vertical
and horizontal spacing between supported conductors shall
not be less than one conductor diameter at the points of
support.

370.5 Overcurrent Protection
Cablebus shall be protected against overcurrent in accor-
dance with the allowable ampacity of the cablebus conduc-
tors in accordance with 240.4.

Exception: Overcurrent protection shall be permitted in
accordance with 240.100 and 240.101 for over 600 volts,
nominal.

370.6 Support and Extension Through Walls
and Floors
(A) Support Cablebus shall be securely supported at inter-
vals not exceeding 3.7 m (12 ft).

Exception: Where spans longer than 3.7 m (12 ft) are re-
quired, the structure shall be specifically designed for the

Exhibit 370.1 A section of cablebus with conductors in place required span length.
and the ventilated top cover ready to be attached to the busway
frame. (Courtesy of MPHusky Corp.) (B) Transversely Routed Cablebus shall be permitted to

extend transversely through partitions or walls, other than
fire walls, provided the section within the wall is continuous,
protected against physical damage, and unventilated.Cablebus installed outdoors or in corrosive, wet, or damp

locations shall be identified for such use. Cablebus shall not
(C) Through Dry Floors and Platforms Except wherebe installed in hoistways or hazardous (classified) locations
firestops are required, cablebus shall be permitted to extendunless specifically approved for such use. Cablebus shall
vertically through dry floors and platforms, provided thebe permitted to be used for branch circuits, feeders, and
cablebus is totally enclosed at the point where it passesservices.
through the floor or platform and for a distance of 1.8 mCablebus framework, where bonded, shall be permitted
(6 ft) above the floor or platform.to be used as the equipment grounding conductor for branch

circuits and feeders. (D) Through Floors and Platforms in Wet Locations Ex-
cept where firestops are required, cablebus shall be permitted

370.4 Conductors to extend vertically through floors and platforms in wet
(A) Types of Conductors The current-carrying conductors locations where (1) there are curbs or other suitable means
in cablebus shall have an insulation rating of 75�C (167�F) or to prevent waterflow through the floor or platform opening,
higher and be an approved type suitable for the application. and (2) where the cablebus is totally enclosed at the point

where it passes through the floor or platform and for a
(B) Ampacity of Conductors The ampacity of conductors distance of 1.8 m (6 ft) above the floor or platform.
in cablebus shall be in accordance with Tables 310.17 and
310.19, or with Tables 310.69 and 310.70 for installations 370.7 Fittings
over 600 volts.

A cablebus system shall include approved fittings for the
(C) Size and Number of Conductors The size and number following:
of conductors shall be that for which the cablebus is de-

(1) Changes in horizontal or vertical direction of the runsigned, and in no case smaller than 1/0 AWG.
(2) Dead ends
(3) Terminations in or on connected apparatus or equipment(D) Conductor Supports The insulated conductors shall

be supported on blocks or other mounting means designed or the enclosures for such equipment
(4) Additional physical protection where required, such asfor the purpose.

The individual conductors in a cablebus shall be sup- guards where subject to severe physical damage
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372.6Article 372 — Cellular Concrete Floor Raceways

This construction method is very similar in design, applica-370.8 Conductor Terminations
tion, and adaptation to cellular metal floor raceways. Basi-Approved terminating means shall be used for connections
cally, this wiring method consists of floor cells (that are partto cablebus conductors.
of the structural floor system), header ducts laid at right
angles to the cells and used to carry conductors from cabinets370.9 Grounding
to cells, and junction boxes.

A cablebus installation shall be grounded and bonded in
accordance with Article 250, excluding 250.86, Exception
No. 2. 372.2 Definitions

Cell. A single, enclosed tubular space in a floor made of370.10 Marking
precast cellular concrete slabs, the direction of the cell being

Each section of cablebus shall be marked with the manufac- parallel to the direction of the floor member.
turer’s name or trade designation and the maximum diameter,

Header. Transverse metal raceways for electric conductors,number, voltage rating, and ampacity of the conductors to
providing access to predetermined cells of a precast cellularbe installed. Markings shall be located so as to be visible
concrete floor, thereby permitting the installation of electricafter installation.
conductors from a distribution center to the floor cells.

ARTICLE 372 372.4 Uses Not Permitted
Conductors shall not be installed in precast cellular concreteCellular Concrete Floor Raceways
floor raceways as follows:

(1) Where subject to corrosive vaporSummary of Changes
(2) In any hazardous (classified) locations except as permit-• 372.17: Added requirement that the ampacity adjustment

ted by 504.20, and in Class I, Division 2 locations asfactors of 310.15(B)(2) apply to the installed conductors.
permitted in 501.10(B)(3)

(3) In commercial garages, other than for supplying ceiling
outlets or extensions to the area below the floor but not
aboveContents

372.1 Scope FPN: See 300.8 for installation of conductors with other
systems.372.2 Definitions

372.4 Uses Not Permitted
372.5 Header Section 300.8 prohibits the installation of electric conductors
372.6 Connection to Cabinets and Other Enclosures in raceways or cable trays containing any pipes, tubes, or
372.7 Junction Boxes other means for carrying steam, water, air, gas, or drainage
372.8 Markers or for any service other than electrical.
372.9 Inserts

372.10 Size of Conductors
372.11 Maximum Number of Conductors 372.5 Header
372.12 Splices and Taps

The header shall be installed in a straight line at right angles
372.13 Discontinued Outlets

to the cells. The header shall be mechanically secured to
372.17 Ampacity of Conductors

the top of the precast cellular concrete floor. The end joints
shall be closed by a metal closure fitting and sealed against
the entrance of concrete. The header shall be electrically372.1 Scope
continuous throughout its entire length and shall be electri-

This article covers cellular concrete floor raceways, the hol- cally bonded to the enclosure of the distribution center.
low spaces in floors constructed of precast cellular concrete
slabs, together with suitable metal fittings designed to pro-

372.6 Connection to Cabinets andvide access to the floor cells.
Other Enclosures
Connections from headers to cabinets and other enclosuresCellular concrete floor raceways are a form of floor deck
shall be made by means of listed metal raceways and listedconstruction commonly used in high-rise office buildings.
fittings.
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372.7 Article 374 — Cellular Metal Floor Raceways

372.7 Junction Boxes ARTICLE 374
Junction boxes shall be leveled to the floor grade and sealed Cellular Metal Floor Raceways
against the free entrance of water or concrete. Junction boxes
shall be of metal and shall be mechanically and electrically

Summary of Changescontinuous with the header.
• 374.17: New requirement that the ampacity adjustment

factors of 310.15(B)(2) apply to the installed conductors.372.8 Markers
A suitable number of markers shall be installed for the future
location of cells.

Contents
372.9 Inserts 374.1 Scope

374.2 DefinitionsInserts shall be leveled and sealed against the entrance of
374.3 Uses Not Permittedconcrete. Inserts shall be of metal and shall be fitted with

I. Installationgrounded-type receptacles. A grounding conductor shall
374.4 Size of Conductorsconnect the insert receptacles to a positive ground connection
374.5 Maximum Number of Conductors in Racewayprovided on the header. Where cutting through the cell wall
374.6 Splices and Tapsfor setting inserts or other purposes (such as providing access
374.7 Discontinued Outletsopenings between header and cells), chips and other dirt
374.8 Markersshall not be allowed to remain in the raceway, and the tool
374.9 Junction Boxesused shall be designed so as to prevent the tool from entering

374.10 Insertsthe cell and damaging the conductors.
374.11 Connection to Cabinets and Extensions from

Cells
372.10 Size of Conductors 374.17 Ampacity of Conductors
No conductor larger than 1/0 AWG shall be installed, except II. Construction Specifications
by special permission. 374.100 General

372.11 Maximum Number of Conductors 374.1 Scope
The combined cross-sectional area of all conductors or ca- This article covers the use and installation requirements for
bles shall not exceed 40 percent of the cross-sectional area cellular metal floor raceways.
of the cell or header.

Cellular metal floor raceways, as shown in Exhibit 374.1,
372.12 Splices and Taps are a form of metal floor deck construction designed for use

in steel-frame buildings and consisting of sheet metal formedSplices and taps shall be made only in header access units
into shapes that are combined to form cells or raceways.or junction boxes.
The cells extend across the building and, depending on theFor the purposes of this section, so-called loop wiring
structural strength required, can have various shapes and(continuous unbroken conductor connecting the individual
sizes.outlets) shall not be considered to be a splice or tap.

372.13 Discontinued Outlets 374.2 Definitions
When an outlet is abandoned, discontinued, or removed, the Cellular Metal Floor Raceway. The hollow spaces of cel-
sections of circuit conductors supplying the outlet shall be lular metal floors, together with suitable fittings, that may
removed from the raceway. No splices or reinsulated conduc- be approved as enclosures for electric conductors.
tors, such as would be the case of abandoned outlets on loop Cell. A single enclosed tubular space in a cellular metal
wiring, shall be allowed in raceways. floor member, the axis of the cell being parallel to the axis

of the metal floor member.
372.17 Ampacity of Conductors Header. A transverse raceway for electric conductors, pro-

viding access to predetermined cells of a cellular metal floor,The ampacity adjustment factors, provided in 310.15(B)(2),
shall apply to conductors installed in cellular concrete floor thereby permitting the installation of electric conductors

from a distribution center to the cells.raceways.
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374.10Article 374 — Cellular Metal Floor Raceways

Connections to the cells are made by means of headers
extending across the cells and connecting only to those cells
that are to be used as raceways for the conductors. Two or
three separate headers, connecting to different sets of cells,
may be used for different systems, such as light and power,
signaling, and communications systems.

374.6 Splices and Taps
Splices and taps shall be made only in header access units
or junction boxes.

For the purposes of this section, so-called loop wiring
(continuous unbroken conductor connecting the individual
outlets) shall not be considered to be a splice or tap.

374.7 Discontinued OutletsExhibit 374.1 An artistic rendition of a cross section of cellular
metal floor raceway system. (Photo courtesy of H.H. Robertson When an outlet is abandoned, discontinued, or removed, the
Floor Systems) sections of circuit conductors supplying the outlet shall be

removed from the raceway. No splices or reinsulated conduc-
tors, such as would be the case with abandoned outlets on
loop wiring, shall be allowed in raceways.

374.3 Uses Not Permitted
374.8 MarkersConductors shall not be installed in cellular metal floor

raceways as follows: A suitable number of markers shall be installed for locating
cells in the future.(1) Where subject to corrosive vapor

(2) In any hazardous (classified) location except as permit-
Markers are brass flat-head screws set into the top side ofted by 504.20, and in Class I, Division 2 locations as
the cells and adjusted so that their heads are flush with thepermitted by 501.10(B)(3)
floor finish and are exposed in order to aid in the location(3) In commercial garages, other than for supplying ceiling
of cells for future installations.outlets or extensions to the area below the floor but not

above

FPN: See 300.8 for installation of conductors with other 374.9 Junction Boxes
systems.

Junction boxes shall be leveled to the floor grade and sealed
against the free entrance of water or concrete. Junction boxes

Section 300.8 prohibits the installation of electric conductors
used with these raceways shall be of metal and shall be

in raceways or cable trays containing any pipes, tubes, or
electrically continuous with the raceway.

other carriers of steam, water, air, gas, or drainage or for
any service other than electrical.

Connections to wall outlets are to be made with metal race-
ways unless there are provisions for equipment grounding
termination, as required by 374.11. Installation instructionsI. Installation
are supplied by the manufacturer for use by the general

374.4 Size of Conductors contractor, erector, electrical contractor, inspector, and others
No conductor larger than 1/0 AWG shall be installed, except concerned with the installation.
by special permission.

374.5 Maximum Number of Conductors 374.10 Inserts
in Raceway Inserts shall be leveled to the floor grade and sealed against

the entrance of concrete. Inserts shall be of metal and shallThe combined cross-sectional area of all conductors or ca-
bles shall not exceed 40 percent of the interior cross-sectional be electrically continuous with the raceway. In cutting

through the cell wall and setting inserts, chips and other dirtarea of the cell or header.
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374.11 Article 376 — Metal Wireways

shall not be allowed to remain in the raceway, and tools
• 376.23(B): Added text on transposing cable size into theshall be used that are designed to prevent the tool from

minimum raceway size for the purposes of sizing wire-entering the cell and damaging the conductors.
ways used as pull boxes.

• 376.56(B): Added requirements covering the installation374.11 Connection to Cabinets and Extensions
of power distribution blocks in metal wireways.from Cells

Connections between raceways and distribution centers and
wall outlets shall be made by means of liquidtight flexible
metal conduit, flexible metal conduit where not installed in

Contentsconcrete, rigid metal conduit, intermediate metal conduit,
I. Generalelectrical metallic tubing, or approved fittings. Where there

376.1 Scopeare provisions for the termination of an equipment grounding
376.2 Definitionconductor, nonmetallic conduit, electrical nonmetallic tub-

II. Installationing, or liquidtight flexible nonmetallic conduit shall be per-
376.10 Uses Permittedmitted. Where installed in concrete, liquidtight flexible
376.12 Uses Not Permittednonmetallic conduit shall be listed and marked for direct
376.21 Size of Conductorsburial.
376.22 Number of Conductors

FPN: Liquidtight flexible metal conduit and liquidtight 376.23 Insulated Conductors
flexible nonmetallic conduit that is suitable for installa- (A) Deflected Insulated Conductors
tion in concrete is listed and marked for direct burial.

(B) Metallic Wireways Used as Pull Boxes
376.30 Securing and Supporting

374.17 Ampacity of Conductors (A) Horizontal Support
(B) Vertical SupportThe ampacity adjustment factors in 310.15(B)(2) shall apply

376.56 Splices, Taps, and Power Distribution Blocksto conductors installed in cellular metal floor raceways.
(A) Splices and Taps
(B) Power Distribution BlocksAdded for the 2005 Code and placed here as a reminder,

376.58 Dead Endsampacity adjustment factors apply to cellular metal floor
376.70 Extensions from Metal Wirewaysraceways.

III. Construction Specifications
376.120 Marking

II. Construction Specifications
374.100 General I. General
Cellular metal floor raceways shall be constructed so that

376.1 Scopeadequate electrical and mechanical continuity of the com-
This article covers the use, installation, and constructionplete system will be secured. They shall provide a complete
specifications for metal wireways and associated fittings.enclosure for the conductors. The interior surfaces shall be

free from burrs and sharp edges, and surfaces over which
conductors are drawn shall be smooth. Suitable bushings or 376.2 Definition
fittings having smooth rounded edges shall be provided Metal Wireways. Sheet metal troughs with hinged or re-
where conductors pass. movable covers for housing and protecting electric wires

and cable and in which conductors are laid in place after
the wireway has been installed as a complete system.

ARTICLE 376
Wireways are sheet-metal enclosures equipped with hingedMetal Wireways
or removable covers and are manufactured in 1-ft to 10-ft
lengths and various widths and depths. Couplings, elbows,

Summary of Changes end plates, and accessories such as T and X fittings are
available. Unlike auxiliary gutters, which are not permitted• 376.23(A): Revised to specify that the minimum dimen-

sion for conductor deflection space is based on the one to extend more than 30 ft from the equipment they supple-
ment, wireways may be run throughout an entire area.wire per terminal dimension from Table 312.6(A).
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376.23Article 376 — Metal Wireways

AWG THHN. Find the minimum standard size wireway
II. Installation required by Article 376.

Solution376.10 Uses Permitted
The use of metal wireways shall be permitted in the follow- Conductor Type Individual Area* Total Area
ing: and Size Quantity (in.2) (in.2)

(1) For exposed work 3/0 AWG, 10 � 0.2642 � 2.6420
(2) In concealed spaces as permitted in 376.10(4) XHHW-2
(3) In hazardous (classified) locations as permitted by 6 AWG, THWN 3 � 0.0507 � 0.1521

501.10(B) for Class I, Division 2 locations; 502.10(B) 8 AWG, THHN 3 � 0.0366 � 0.1098
for Class II, Division 2 locations; and 504.20 for intrinsi- 12 AWG, THHN 10 � 0.0133 � 0.1330
cally safe wiring.Where installed in wet locations, wire- 3.0369
ways shall be listed for the purpose. Total area occupied by conductors

(4) As extensions to pass transversely through walls if the
Minimum wireway area required:length passing through the wall is unbroken. Access to

the conductors shall be maintained on both sides of the 3.0369 in.2 � 20% fill � 15.1845 in.2

wall. Minimum size square wireway required:

15.1845 in.2 � 3.9 in. � 3.9 in. or 4 in. � 4 in.376.12 Uses Not Permitted
wireway

Metal wireways shall not be used in the following:
*Individual area dimensions of conductors are from Chapter 9, Table 5.

(1) Where subject to severe physical damage
(2) Where subject to severe corrosive environments 376.23 Insulated Conductors

Insulated conductors installed in a metallic wireway shall376.21 Size of Conductors
comply with 376.23(A) and (B).No conductor larger than that for which the wireway is
(A) Deflected Insulated Conductors Where insulateddesigned shall be installed in any wireway.
conductors are deflected within a metallic wireway, either
at the ends or where conduits, fittings, or other raceways or376.22 Number of Conductors
cables enter or leave the metallic wireway, or where theThe sum of the cross-sectional areas of all contained conduc-
direction of the metallic wireway is deflected greater thantors at any cross section of a wireway shall not exceed 20
30 degrees, dimensions corresponding to one wire per termi-percent of the interior cross-sectional area of the wireway.
nal in Table 312.6(A) shall apply.The derating factors in 310.15(B)(2)(a) shall be applied only

where the number of current-carrying conductors, including
The intent of 376.23 is to provide adequate space for install-neutral conductors classified as current-carrying under the
ing and bending conductors without damaging the conductorprovisions of 310.15(B)(4), exceeds 30. Conductors for sig-
insulation.naling circuits or controller conductors between a motor

and its starter and used only for starting duty shall not be
(B) Metallic Wireways Used as Pull Boxes Where insu-considered as current-carrying conductors.
lated conductors 4 AWG or larger are pulled through a
wireway, the distance between raceway and cable entries

The main requirement of 376.22 is that the total of the cross-
enclosing the same conductor shall not be less than that

sectional areas of all conductors must not exceed 20 percent
required by 314.28(A)(1) for straight pulls and 314.28(A)(2)

of the interior cross-sectional area of the wireway. If the
for angle pulls. When transposing cable size into raceway

quantity of conductors does not exceed 30, the adjustment
size, the minimum metric designator (trade size) raceway

factors of 310.15(B)(2) do not apply. Where the quantity of
required for the number and size of conductors in the cable

conductors does exceed 30, however, the adjustment factors
shall be used.

of 310.15(B)(2) do apply. The following example uses a
wireway with only 26 current-carrying conductors; there-

Section 376.23(A) was revised for the 2005 Code to ensurefore, the adjustment factors of 310.15(B)(2) do not apply.
that the column of one wire per terminal was used in Table

Example 312.6(A). Section 376.23(B) was revised for the 2005 Code
to make sure that the same adequate space requirements thatA wireway contains 26 conductors: ten 3/0 AWG XHHW-

2, three 6 AWG THWN, three 8 AWG THHN, and ten 12 apply to conduits also apply to cables as they enter a wireway.
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376.30 Article 378 — Nonmetallic Wireways

The requirements in 376.23(B) ensure that where wireways 376.58 Dead Ends
are used as pull boxes, the same minimum dimension re- Dead ends of metal wireways shall be closed.
quirements associated with raceway entries of pull boxes
apply. 376.70 Extensions from Metal Wireways

Extensions from wireways shall be made with cord pendants
installed in accordance with 400.10 or with any wiring376.30 Securing and Supporting
method in Chapter 3 that includes a means for equipment

Metal wireways shall be supported in accordance with
grounding. Where a separate equipment grounding conduc-

376.30(A) and (B).
tor is employed, connection of the equipment grounding
conductors in the wiring method to the wireway shall comply(A) Horizontal Support Wireways shall be supported
with 250.8 and 250.12.where run horizontally at each end and at intervals not to

exceed 1.5 m (5 ft) or for individual lengths longer than 1.5
m (5 ft) at each end or joint, unless listed for other support Extensions from wireways using metal raceways, metal-
intervals. The distance between supports shall not exceed sheathed cables, and nonmetallic-sheathed cables are made
3 m (10 ft). through knockouts provided on the wireway or field

punched. Rigid nonmetallic conduit, electrical nonmetallic
(B) Vertical Support Vertical runs of wireways shall be tubing, and liquidtight flexible nonmetallic conduit may also
securely supported at intervals not exceeding 4.5 m (15 ft) be used. Cables and nonmetallic raceways as well as the
and shall not have more than one joint between supports. wireway must include a means for ensuring an effective
Adjoining wireway sections shall be securely fastened to- continuation of the equipment grounding conductor. Sections
gether to provide a rigid joint. of wireways, including accessory fittings (elbows, endplates,

flanges, etc.), are bolted together, ensuring a rigid mechani-
376.56 Splices, Taps, and Power cal and electrical connection.
Distribution Blocks
(A) Splices and Taps Splices and taps shall be permitted

III. Construction Specificationswithin a wireway, provided they are accessible. The conduc-
tors, including splices and taps, shall not fill the wireway 376.120 Marking
to more than 75 percent of its area at that point. Metal wireways shall be so marked that their manufacturer’s

name or trademark will be visible after installation.
Conductors in wireways are accessible through hinged or
removable covers. Circuits, taps, or splices may be added
or altered if necessary. See 376.22 and the associated exam- ARTICLE 378
ple in the commentary regarding the number of conductors Nonmetallic Wireways
permitted. For the 2005 Code, 376.56(B) was added to ensure
that power distribution blocks are safely placed within metal

Summary of Changeswireways.

• 378.23(A): Revised to specify that the minimum dimen-
sion for conductor deflection space is based on the one

(B) Power Distribution Blocks
wire per terminal dimension from Table 312.6(A).

(1) Installation Power distribution blocks installed in • 378.23(B): Added text on transposing cable size into the
metal wireways shall be listed. minimum raceway size for the purposes of sizing wire-

ways used as pull boxes.(2) Size of Enclosure In addition to the wiring space re-
quirement in 376.56(A), the power distribution block shall
be installed in a wireway with dimensions not smaller than
specified in the installation instructions of the power distri- Contents
bution block.

I. General
378.1 Scope(3) Wire Bending Space Wire bending space at the termi-
378.2 Definitionnals of power distribution blocks shall comply with
378.6 Listing Requirements312.6(B).

II. Installation
(4) Live Parts Power distribution blocks shall not have 378.10 Uses Permitted
exposed live parts in the wireway after installation.
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378.23Article 378 — Nonmetallic Wireways

FPN: Extreme cold may cause nonmetallic wireways to
378.12 Uses Not Permitted become brittle and therefore more susceptible to damage

from physical contact.378.21 Size of Conductors
378.22 Number of Conductors

(4) As extensions to pass transversely through walls if the
378.23 Insulated Conductors

length passing through the wall is unbroken. Access to
(A) Deflected Insulated Conductors

the conductors shall be maintained on both sides of the
(B) Nonmetallic Wireways Used as Pull Boxes

wall.
378.30 Securing and Supporting

(A) Horizontal Support
378.12 Uses Not Permitted(B) Vertical Support
Nonmetallic wireways shall not be used in the following:378.44 Expansion Fittings

378.56 Splices and Taps (1) Where subject to physical damage
378.58 Dead Ends (2) In any hazardous (classified) location, except as permit-
378.60 Grounding ted in 504.20
378.70 Extensions from Nonmetallic Wireways (3) Where exposed to sunlight unless listed and marked as

III. Construction Specifications suitable for the purpose
378.120 Marking (4) Where subject to ambient temperatures other than those

for which nonmetallic wireway is listed
(5) For conductors whose insulation temperature limitationsI. General

would exceed those for which the nonmetallic wireway
378.1 Scope is listed

This article covers the use, installation, and construction
378.21 Size of Conductorsspecifications for nonmetallic wireways and associated fit-

tings. No conductor larger than that for which the nonmetallic
wireway is designed shall be installed in any nonmetallic

378.2 Definition wireway.
Nonmetallic Wireways. Flame retardant, nonmetallic

378.22 Number of Conductorstroughs with removable covers for housing and protecting
electric wires and cables in which conductors are laid in The sum of cross-sectional areas of all contained conductors
place after the wireway has been installed as a complete at any cross section of the nonmetallic wireway shall not
system. exceed 20 percent of the interior cross-sectional area of the

nonmetallic wireway. Conductors for signaling circuits or
controller conductors between a motor and its starter andNonmetallic wireways are troughs with removable covers
used only for starting duty shall not be considered as current-in which conductors are laid after the wireway has been
carrying conductors.installed as a complete system. The wireway must be in-

The derating factors specified in 310.15(B)(2)(a) shallstalled on the surface of the structure, not concealed. It is
be applicable to the current-carrying conductors up to andallowed to pass through walls, provided that an unbroken
including the 20 percent fill specified above.length passes through the wall.

378.23 Insulated Conductors
378.6 Listing Requirements

Insulated conductors installed in a nonmetallic wireway shall
Nonmetallic wireways and associated fittings shall be listed. comply with 378.23(A) and (B).

II. Installation
The intent of 378.23 is to provide adequate space for install-

378.10 Uses Permitted ing and bending conductors without damaging the conductor
insulation.The use of nonmetallic wireways shall be permitted in the

Section 378.23(A) was revised for the 2005 Code tofollowing:
ensure that the column of one wire per terminal was used

(1) Only for exposed work, except as permitted in in Table 312.6(A). Section 378.23(B) was revised for the
378.10(4). 2005 Code to make sure that the same adequate space re-

(2) Where subject to corrosive environments where identi- quirements that apply to conduits also apply to cables as
fied for the use. they enter a wireway. The requirements in 378.23(B) ensure

(3) In wet locations where listed for the purpose.
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378.30 Article 380 — Multioutlet Assembly

that where wireways are used as pull boxes, the same mini- 378.58 Dead Ends
mum dimension requirements associated with raceway en- Dead ends of nonmetallic wireway shall be closed using
tries of pull boxes apply. listed fittings.

378.60 Grounding(A) Deflected Insulated Conductors Where insulated
Where equipment grounding is required, a separate equip-conductors are deflected within a nonmetallic wireway, ei-
ment grounding conductor shall be installed in the nonmetal-ther at the ends or where conduits, fittings, or other raceways
lic wireway. A separate equipment grounding conductoror cables enter or leave the nonmetallic wireway, or where
shall not be required where the grounded conductor is usedthe direction of the nonmetallic wireway is deflected greater
to ground equipment as permitted in 250.142.than 30 degrees, dimensions corresponding to one wire per

terminal in Table 312.6(A) shall apply.

378.70 Extensions from Nonmetallic Wireways
(B) Nonmetallic Wireways Used as Pull Boxes Where

Extensions from nonmetallic wireway shall be made withinsulated conductors 4 AWG or larger are pulled through a
cord pendants or any wiring method of Chapter 3. A separatewireway, the distance between raceway and cable entries
equipment grounding conductor shall be installed in, or anenclosing the same conductor shall not be less than that
equipment grounding connection shall be made to, any ofrequired in 314.28(A)(1) for straight pulls and in
the wiring methods used for the extension.314.28(A)(2) for angle pulls. When transposing cable size

into raceway size, the minimum metric designator (trade
III. Construction Specificationssize) raceway required for the number and size of conductors

in the cable shall be used. 378.120 Marking
Nonmetallic wireways shall be marked so that the manufac-378.30 Securing and Supporting
turer’s name or trademark and interior cross-sectional area

Nonmetallic wireway shall be supported in accordance with in square inches shall be visible after installation. Marking
378.30(A) and (B). for limited smoke shall be permitted on the nonmetallic

wireways that have limited smoke-producing characteristics.(A) Horizontal Support Nonmetallic wireways shall be
supported where run horizontally at intervals not to exceed
900 mm (3 ft), and at each end or joint, unless listed for

ARTICLE 380other support intervals. In no case shall the distance between
supports exceed 3 m (10 ft). Multioutlet Assembly
(B) Vertical Support Vertical runs of nonmetallic wireway
shall be securely supported at intervals not exceeding 1.2 Contents
m (4 ft), unless listed for other support intervals, and shall

380.1 Scopenot have more than one joint between supports. Adjoining
380.2 Usenonmetallic wireway sections shall be securely fastened to-

(A) Permittedgether to provide a rigid joint.
(B) Not Permitted

380.3 Metal Multioutlet Assembly Through Dry Partitions378.44 Expansion Fittings
Expansion fittings for nonmetallic wireway shall be provided
to compensate for thermal expansion and contraction where 380.1 Scope
the length change is expected to be 6 mm (0.25 in.) or greater

This article covers the use and installation requirements for
in a straight run.

multioutlet assemblies.
FPN: See Table 352.44(A) for expansion characteristics
of PVC rigid nonmetallic conduit. The expansion charac- Multioutlet assemblies are metal and nonmetallic raceways
teristics of PVC nonmetallic wireway are identical.

that are usually surface mounted and designed to contain
branch-circuit conductors and receptacles. Exhibit 380.1 pro-378.56 Splices and Taps
vides an illustration of a multioutlet assembly. Receptacles

Splices and taps shall be permitted within a nonmetallic may be spaced at desired intervals and may be assembled
wireway, provided they are accessible. The conductors, in- at the factory or in the field. See 220.14(H) and Exhibit
cluding splices and taps, shall not fill the nonmetallic wire- 220.4 for load calculations.
way to more than 75 percent of its area at that point.
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382.12Article 382 — Nonmetallic Extensions

II. Installation
382.10 Uses Permitted

(A) From an Existing Outlet
(B) Exposed and in a Dry Location
(C) Residential or Offices

382.12 Uses Not Permitted
382.15 Exposed
382.26 Bends
382.30 Securing and Supporting
382.40 Boxes and Fittings
382.56 Splices and Taps

Multioutlet assembly

Exhibit 380.1 A typical multioutlet assembly shown in assembly I. Generalform.

382.1 Scope
This article covers the use, installation, and construction

380.2 Use specifications for nonmetallic extensions.
(A) Permitted The use of a multioutlet assembly shall be
permitted in dry locations. 382.2 Definition

Nonmetallic Extension. An assembly of two insulated con-(B) Not Permitted A multioutlet assembly shall not be
ductors within a nonmetallic jacket or an extruded thermo-installed as follows:
plastic covering. The classification includes surface

(1) Where concealed, except that it shall be permissible extensions intended for mounting directly on the surface of
to surround the back and sides of a metal multioutlet walls or ceilings.
assembly by the building finish or recess a nonmetallic
multioutlet assembly in a baseboard II. Installation

(2) Where subject to severe physical damage
382.10 Uses Permitted(3) Where the voltage is 300 volts or more between conduc-

tors unless the assembly is of metal having a thickness Nonmetallic extensions shall be permitted only in accor-
of not less than 1.02 mm (0.040 in.) dance with 382.10(A), (B), and (C).

(4) Where subject to corrosive vapors
(A) From an Existing Outlet The extension shall be from(5) In hoistways
an existing outlet on a 15- or 20-ampere branch circuit.(6) In any hazardous (classified) locations except Class I,

Division 2 locations as permitted in 501.10(B)(3)
(B) Exposed and in a Dry Location The extension shall
be run exposed and in a dry location.380.3 Metal Multioutlet Assembly Through

Dry Partitions
(C) Residential or Offices For nonmetallic surface exten-

It shall be permissible to extend a metal multioutlet assembly sions mounted directly on the surface of walls or ceilings,
through (not run within) dry partitions if arrangements are the building shall be occupied for residential or office pur-
made for removing the cap or cover on all exposed portions poses and shall not exceed three floors above grade.
and no outlet is located within the partitions.

FPN No. 1: See 310.10 for temperature limitation of
conductors.
FPN No. 2: See 362.10 for definition of first floor.ARTICLE 382

Nonmetallic Extensions
382.12 Uses Not Permitted
Nonmetallic extensions shall not be used as follows:

Contents
(1) In unfinished basements, attics, or roof spacesI. General
(2) Where the voltage between conductors exceeds 150382.1 Scope

volts for nonmetallic surface extension and 300 volts382.2 Definition
for aerial cable
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382.15 Article 384 — Strut-Type Channel Raceway

(3) Where subject to corrosive vapors
II. Installation(4) Where run through a floor or partition, or outside the

384.10 Uses Permittedroom in which it originates
384.12 Uses Not Permitted
384.21 Size of Conductors

382.15 Exposed 384.22 Number of Conductors
One or more extensions shall be permitted to be run in any 384.30 Securing and Supporting
direction from an existing outlet, but not on the floor or (A) Surface Mount
within 50 mm (2 in.) from the floor. (B) Suspension Mount

384.56 Splices and Taps
384.60 Grounding382.26 Bends

III. Construction SpecificationsA bend that reduces the normal spacing between the conduc-
384.100 Constructiontors shall be covered with a cap to protect the assembly

(A) Materialfrom physical damage.
(B) Corrosion Protection
(C) Cover382.30 Securing and Supporting

384.120 Marking
Nonmetallic surface extensions shall be secured in place by
approved means at intervals not exceeding 200 mm (8 in.),
with an allowance for 300 mm (12 in.) to the first fastening I. General
where the connection to the supplying outlet is by means

384.1 Scopeof an attachment plug. There shall be at least one fastening
between each two adjacent outlets supplied. An extension This article covers the use, installation, and construction
shall be attached to only woodwork or plaster finish and specifications of strut-type channel raceway.
shall not be in contact with any metal work or other conduc-
tive material other than with metal plates on receptacles. 384.2 Definition

Strut-Type Channel Raceway. A metallic raceway that is
382.40 Boxes and Fittings intended to be mounted to the surface of or suspended from
Each run shall terminate in a fitting that covers the end of a structure, with associated accessories for the installation
the assembly. All fittings and devices shall be of a type of electrical conductors and cables.
identified for the use.

384.6 Listing Requirements
382.56 Splices and Taps Strut-type channel raceways, closure strips, and accessories

shall be listed and identified for such use.Extensions shall consist of a continuous unbroken length of
the assembly, without splices, and without exposed conduc-
tors between fittings. Taps shall be permitted where approved II. Installation
fittings completely covering the tap connections are used.

384.10 Uses PermittedAerial cable and its tap connectors shall be provided with
The use of strut-type channel raceways shall be permittedan approved means for polarization. Receptacle-type tap
in the following:connectors shall be of the locking type.

(1) Where exposed.
(2) In dry locations.

ARTICLE 384 (3) In locations subject to corrosive vapors where protected
by finishes judged suitable for the condition.Strut-Type Channel Raceway

(4) Where the voltage is 600 volts or less.
(5) As power poles.
(6) In Class I, Division 2 hazardous (classified) locationsContents

as permitted in 501.10(B)(3).I. General
(7) As extensions of unbroken lengths through walls, parti-384.1 Scope

tions, and floors where closure strips are removable384.2 Definition
from either side and the portion within the wall, parti-384.6 Listing Requirements
tion, or floor remains covered.
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384.22Article 384 — Strut-Type Channel Raceway

(8) Ferrous channel raceways and fittings protected from Table 384.22 Channel Size and Inside Diameter Area
corrosion solely by enamel shall be permitted only in-

Area 40% Area* 25% Area**doors.
Size

Channel in.2 mm2 in.2 mm2 in.2 mm2

The installation shown in Exhibit 384.1 is typical of how a
15⁄8 � 13⁄16 0.887 572 0.355 229 0.222 143strut-type channel raceway can be used.
15⁄8 � 1 1.151 743 0.460 297 0.288 186
15⁄8 � 13⁄8 1.677 1076 0.671 433 0.419 270
15⁄8 � 15⁄8 2.028 1308 0.811 523 0.507 327
15⁄8 � 27⁄16 3.169 2045 1.267 817 0.792 511
15⁄8 � 31⁄4 4.308 2780 1.723 1112 1.077 695
11⁄2 � 3⁄4 0.849 548 0.340 219 0.212 137
11⁄2 � 11⁄2 1.828 1179 0.731 472 0.457 295
11⁄2 � 17⁄8 2.301 1485 0.920 594 0.575 371
11⁄2 � 3 3.854 2487 1.542 995 0.964 622

*Raceways with external joiners shall use a 40 percent wire fill calcula-
tion to determine the number of conductors permitted.
**Raceways with internal joiners shall use a 25 percent wire fill calcula-
tion to determine the number of conductors permitted.

Strut-type channel 
raceway

calculated in accordance with the following formula for
Exhibit 384.1 An example of a strut-type channel raceway using wire fill:
accessories to support and supply power to luminaires. (Redrawn
courtesy of Allied Tube & Conduit, a Tyco International Co.)

n =
ca
wa

384.12 Uses Not Permitted where:

Strut type channel raceways shall not be used as follows: n � number of wires
ca � channel area in square inches(1) Where concealed.
wa � wire area(2) Ferrous channel raceways and fittings protected from

corrosion solely by enamel shall not be permitted where
subject to severe corrosive influences. The adjustment factors of Table 310.15(B)(2) are applicable

to strut-type channel raceways because Table 384.22 does
384.21 Size of Conductors not contain any raceways with cross-sectional areas greater
No conductor larger than that for which the raceway is listed than 4 in.2

shall be installed in strut-type channel raceways.
Example

384.22 Number of Conductors Calculate the maximum quantity of 10 AWG Type THWN-
2 copper conductors permitted in a normal 11⁄2 in. � 11⁄2The number of conductors permitted in strut-type channel
in. strut-type channel raceway whose joiners are mountedraceways shall not exceed the percentage fill using Table
internally. (Generally, ordinary-duty strut-type channel race-384.22 and applicable outside diameter (O.D.) dimensions
way couplings or joiners are of the internal type, and heavy-of specific types and sizes of wire given in the tables in
duty strut raceway couplings are of the external type.)Chapter 9.

The derating factors of 310.15(B)(2)(a) shall not apply Solution
to conductors installed in strut-type channel raceways where

STEP 1. Because the strut-type channel raceway joiners areall of the following conditions are met:
mounted on the internal surface of the raceway, the second

(1) The cross-sectional area of the raceway exceeds 2500 note in Table 384.22 requires the use of the ‘‘25% Area’’
mm2 (4 in.2). column for the maximum usable internal area of the raceway.

(2) The current-carrying conductors do not exceed 30 in According to Table 384.22 and using the ‘‘25% 1⁄2 in. strut-
number. type channel is 0.457 in.2 According to Chapter 9, Table 5,

(3) The sum of the cross-sectional areas of all contained a 10 AWG, Type THWN-2 copper conductor has an area
conductors does not exceed 20 percent of the interior of 0.0211 in.2
cross-sectional area of the strut-type channel raceways,
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384.30 Article 386 — Surface Metal Raceways

STEP 2. Using the formula for wire fill, Raceways and their elbows, couplings, and other fittings
shall be designed such that the sections can be electrically

n �
ca
wa and mechanically coupled together and installed without

subjecting the wires to abrasion. They shall comply with
where: 384.100(A), (B), and (C).

n � number of wires
(A) Material Raceways and accessories shall be formedca � channel area (in.2)
of steel, stainless steel, or aluminum.wa � wire area (in.2)

(B) Corrosion Protection Steel raceways and accessoriesand substituting the table values,
shall be protected against corrosion by galvanizing or by an

n �
0.457 in.2

0.0211 in.2
� 21.66 organic coating.

FPN: Enamel and PVC coatings are examples of organic
or not more than twenty-one 10 AWG Type THWN-2 copper coatings that provide corrosion protection.
conductors. However, the adjustment factors of Table
310.15(B)(2)(a) are applicable where a raceway contains (C) Cover Covers of strut-type channel raceways shall be
more than three current-carrying conductors. either metallic or nonmetallic.

384.120 Marking384.30 Securing and Supporting
Each length of strut-type channel raceways shall be clearly(A) Surface Mount A surface mount strut-type channel
and durably identified as required in the first sentence ofraceway shall be secured to the mounting surface with reten-
110.21.tion straps external to the channel at intervals not exceeding

3 m (10 ft) and within 900 mm (3 ft) of each outlet box,
cabinet, junction box, or other channel raceway termination.

ARTICLE 386(B) Suspension Mount Strut-type channel raceways shall
be permitted to be suspension mounted in air with approved Surface Metal Raceways
appropriate methods designed for the purpose at intervals
not to exceed 3 m (10 ft) and within 900 mm (3 ft) of

Summary of Changeschannel raceway terminations and ends.
• 386.30: Added requirement for securing and supporting

384.56 Splices and Taps of surface metal raceways.
Splices and taps shall be permitted in raceways that are • 386.70: Revised to permit stamping or imprinting for the
accessible after installation by having a removable cover. purposes of identifying separate compartments.
The conductors, including splices and taps, shall not fill the
raceway to more than 75 percent of its area at that point.
All splices and taps shall be made by approved methods.

Contents384.60 Grounding
I. GeneralStrut-type channel raceway enclosures providing a transition

386.1 Scopeto or from other wiring methods shall have a means for
386.2 Definitionconnecting an equipment grounding conductor. Strut-type
386.6 Listing Requirementschannel raceways shall be permitted as an equipment

II. Installationgrounding conductor in accordance with 250.118(14). Where
386.10 Uses Permitteda snap-fit metal cover for strut-type channel raceways is
386.12 Uses Not Permittedused to achieve electrical continuity in accordance with the
386.21 Size of Conductorslisting, this cover shall not be permitted as the means for
386.22 Number of Conductors or Cablesproviding electrical continuity for a receptacle mounted in
386.30 Securing and Supportingthe cover.
386.56 Splices and Taps
386.60 GroundingIII. Construction Specifications
386.70 Combination Raceways384.100 Construction

III. Construction Specifications
Strut-type channel raceways and their accessories shall be of 386.100 Construction
a construction that distinguishes them from other raceways.
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386.56Article 386 — Surface Metal Raceways

I. General
386.1 Scope
This article covers the use, installation, and construction
specifications for surface metal raceways and associated
fittings.

386.2 Definition
Surface Metal Raceway. A metallic raceway that is in-
tended to be mounted to the surface of a structure, with
associated couplings, connectors, boxes, and fittings for the
installation of electrical conductors.

386.6 Listing Requirements
Surface metal raceway and associated fittings shall be listed.

II. Installation
386.10 Uses Permitted
The use of surface metal raceways shall be permitted in the

Surface metal
raceway and
associated
fittings

Surface extension
attached to
existing flush-
mounted outlet

following:

(1) In dry locations. Exhibit 386.1 An example of a surface metal raceway extending
from an existing receptacle outlet.(2) In Class I, Division 2 hazardous (classified) locations

as permitted in 501.10(B)(3).
(3) Under raised floors, as permitted in 645.5(D)(2).
(4) Extension through walls and floors. Surface metal race- the raceway is designed. Cables shall be permitted to be

way shall be permitted to pass transversely through dry installed where such use is not prohibited by the respective
walls, dry partitions, and dry floors if the length passing cable articles.
through is unbroken. Access to the conductors shall be The derating factors of 310.15(B)(2)(a) shall not apply
maintained on both sides of the wall, partition, or floor. to conductors installed in surface metal raceways where all

of the following conditions are met:
The installation shown in Exhibit 386.1 is just one of many (1) The cross-sectional area of the raceway exceeds 2500
ways a surface metal raceway can be used. mm2 (4 in.2)

(2) The current-carrying conductors do not exceed 30 in
number

386.12 Uses Not Permitted (3) The sum of the cross-sectional areas of all contained
Surface metal raceways shall not be used in the following: conductors does not exceed 20 percent of the interior

cross-sectional area of the surface metal raceway(1) Where subject to severe physical damage, unless other-
wise approved

The number, type, and sizes of conductors permitted to be(2) Where the voltage is 300 volts or more between conduc-
installed in a listed surface metal raceway are marked ontors, unless the metal has a thickness of not less than
the raceway or on the package in which it is shipped. Typi-1.02 mm (0.040 in.) nominal
cally, this information is available in detail in the manufactur-(3) Where subject to corrosive vapors
er’s catalog.(4) In hoistways

(5) Where concealed, except as permitted in 386.10

386.30 Securing and Supporting386.21 Size of Conductors
Surface metal raceways shall be supported at intervals inNo conductor larger than that for which the raceway is
accordance with the manufacturer’s installation instructions.designed shall be installed in surface metal raceway.

386.22 Number of Conductors or Cables 386.56 Splices and Taps
The number of conductors or cables installed in surface Splices and taps shall be permitted in surface metal raceways

having a removable cover that is accessible after installation.metal raceway shall not be greater than the number for which
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386.60 Article 388 — Surface Nonmetallic Raceways

The conductors, including splices and taps, shall not fill the raceways and their elbows, couplings, and similar fittings
shall be designed so that the sections can be electricallyraceway to more than 75 percent of its area at that point.

Splices and taps in surface metal raceways without remov- and mechanically coupled together and installed without
subjecting the wires to abrasion.able covers shall be made only in boxes. All splices and

taps shall be made by approved methods. Where covers and accessories of nonmetallic materials
are used on surface metal raceways, they shall be identifiedTaps of Type FC cable installed in surface metal raceway

shall be made in accordance with 322.56(B). for such use.

386.60 Grounding
Surface metal raceway enclosures providing a transition ARTICLE 388
from other wiring methods shall have a means for connecting Surface Nonmetallic Racewaysan equipment grounding conductor.

Summary of ChangesAs the example in Exhibit 386.2 shows, where a surface
metal raceway is supplied by Type MC or NM cable, a means • 388.70: Revised to permit stamping or imprinting for the
(e.g., grounding terminal screw or lug) must be available at purposes of identifying separate compartments.
the surface metal raceway for terminating the equipment
grounding conductor provided within the cable.

Contents
I. General

388.1 Scope
388.2 Definition
388.6 Listing Requirements

II. Installation
388.10 Uses Permitted
388.12 Uses Not Permitted
388.21 Size of Conductors
388.22 Number of Conductors or Cables
388.56 Splices and Taps
388.60 Grounding
388.70 Combination Raceways

III. Construction Specifications
388.100 Construction
388.120 Marking

Type MC cable

Equipment grounding
conductor

Grounding
terminal screw,
lug, or other
approved device

Surface metal
raceway

I. General
Exhibit 386.2 An example of providing a means for terminating 388.1 Scope
an equipment grounding conductor at a surface metal raceway. This article covers the use, installation, and construction

specifications for surface nonmetallic raceways and associ-
386.70 Combination Raceways ated fittings.

When combination surface metallic raceways are used for
388.2 Definitionboth signaling and for lighting and power circuits, the differ-

ent systems shall be run in separate compartments identified Surface Nonmetallic Raceway. A nonmetallic raceway
by stamping, imprinting, or color coding of the interior that is intended to be mounted to the surface of a structure,
finish. with associated couplings, connectors, boxes, and fittings

for the installation of electrical conductors.III. Construction Specifications
386.100 Construction 388.6 Listing Requirements
Surface metal raceways shall be of such construction as Surface nonmetallic raceway and associated fittings shall be

listed.will distinguish them from other raceways. Surface metal
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388.70Article 388 — Surface Nonmetallic Raceways

II. Installation
388.10 Uses Permitted
Surface nonmetallic raceway shall be permitted as follows:

(1) The use of surface nonmetallic raceways shall be permit-
ted in dry locations.

(2) Extension through walls and floors shall be permitted.
Surface nonmetallic raceway shall be permitted to pass
transversely through dry walls, dry partitions, and dry
floors if the length passing through is unbroken. Access
to the conductors shall be maintained on both sides of
the wall, partition, or floor.

The installations shown in Exhibits 388.1 and 388.2 are
typical of how a surface nonmetallic raceway can be used.

Exhibit 388.2 An example of a surface nonmetallic raceway
supplying a speed control switch and a paddle fan outlet. (Cour-
tesy of The Wiremold Co.)

(7) For conductors whose insulation temperature limitations
would exceed those for which the nonmetallic raceway
is listed

388.21 Size of Conductors
No conductor larger than that for which the raceway is
designed shall be installed in surface nonmetallic raceway.

388.22 Number of Conductors or Cables
The number of conductors or cables installed in surface
nonmetallic raceway shall not be greater than the number
for which the raceway is designed. Cables shall be permitted
to be installed where such use is not prohibited by the
respective cable articles.

Exhibit 388.1 An example of a surface nonmetallic raceway 388.56 Splices and Tapsextending from an existing receptacle outlet. (Courtesy of The
Wiremold Co.) Splices and taps shall be permitted in surface nonmetallic

raceways having a removable cover that is accessible after
installation. The conductors, including splices and taps, shall
not fill the raceway to more than 75 percent of its area at388.12 Uses Not Permitted
that point. Splices and taps in surface nonmetallic raceways

Surface nonmetallic raceways shall not be used in the follow-
without removable covers shall be made only in boxes. All

ing:
splices and taps shall be made by approved methods.

(1) Where concealed, except as permitted in 388.10(2)
388.60 Grounding(2) Where subject to severe physical damage
Where equipment grounding is required, a separate equip-(3) Where the voltage is 300 volts or more between conduc-
ment grounding conductor shall be installed in the raceway.tors, unless listed for higher voltage

(4) In hoistways
388.70 Combination Raceways(5) In any hazardous (classified) location except Class I,

Division 2 locations as permitted in 501.10(B)(3) When combination surface nonmetallic raceways are used
both for signaling and for lighting and power circuits, the(6) Where subject to ambient temperatures exceeding those

for which the nonmetallic raceway is listed different systems shall be run in separate compartments iden-
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388.100 Article 390 — Underfloor Raceways

tified by stamping, imprinting, or color coding of the interior
390.13 Junction Boxesfinish.
390.14 Inserts
390.15 Connections to Cabinets and Wall OutletsIII. Construction Specifications 390.17 Ampacity of Conductors

388.100 Construction
Surface nonmetallic raceways shall be of such construction 390.1 Scope
as will distinguish them from other raceways. Surface non-

This article covers the use and installation requirements formetallic raceways and their elbows, couplings, and similar
underfloor raceways.fittings shall be designed so that the sections can be mechani-

cally coupled together and installed without subjecting the
390.2 Usewires to abrasion.

Surface nonmetallic raceways and fittings are made of
An underfloor raceway is a practical means of bringing light,

suitable nonmetallic material that is resistant to moisture
power, and signal and communications systems to desks,

and chemical atmospheres. It shall also be flame retardant,
work benches, or tables that are not located adjacent to wall

resistant to impact and crushing, resistant to distortion from
space. This wiring method offers flexibility in layout where

heat under conditions likely to be encountered in service,
used with movable partitions and is commonly used in large

and resistant to low-temperature effects.
retail stores and office buildings to supply power at any
desired location.

388.120 Marking Underfloor raceways are permitted beneath the surface
Surface nonmetallic raceways that have limited smoke-pro- of concrete, wood, or other flooring material. The wiring
ducing characteristics shall be permitted to be so identified. method between cabinets, raceway junction boxes, and outlet

boxes may be rigid metal conduit, intermediate metal con-
duit, rigid nonmetallic conduit, liquidtight flexible nonmetal-
lic conduit, electrical nonmetallic tubing, or electricalARTICLE 390
metallic tubing. Flexible metal conduit may be used whereUnderfloor Raceways not installed in concrete.

Summary of Changes (A) Permitted The installation of underfloor raceways
• 390.17: Added requirement that the ampacity adjustment shall be permitted beneath the surface of concrete or other

factors of 310.15(B)(2) apply to the installed conductors. flooring material or in office occupancies where laid flush
with the concrete floor and covered with linoleum or equiva-
lent floor covering.

(B) Not Permitted Underfloor raceways shall not be in-Contents
stalled (1) where subject to corrosive vapors or (2) in any

390.1 Scope
hazardous (classified) locations, except as permitted by

390.2 Use
504.20 and in Class I, Division 2 locations as permitted in

(A) Permitted
501.10(B)(3). Unless made of a material judged suitable for

(B) Not Permitted
the condition or unless corrosion protection approved for the

390.3 Covering
condition is provided, ferrous or nonferrous metal underfloor

(A) Raceways Not Over 100 mm (4 in.) Wide
raceways, junction boxes, and fittings shall not be installed

(B) Raceways Over 100 mm (4 in.) Wide But Not Over
in concrete or in areas subject to severe corrosive influences.

200 mm (8 in.) Wide
(C) Trench-Type Raceways Flush with Concrete 390.3 Covering
(D) Other Raceways Flush with Concrete

Raceway coverings shall comply with 390.3(A) through (D).390.4 Size of Conductors
390.5 Maximum Number of Conductors in Raceway (A) Raceways Not Over 100 mm (4 in.) Wide Half-round
390.6 Splices and Taps and flat-top raceways not over 100 mm (4 in.) in width shall
390.7 Discontinued Outlets have not less than 20 mm (3⁄4 in.) of concrete or wood above
390.8 Laid in Straight Lines the raceway.
390.9 Markers at Ends

Exception: As permitted in 390.3(C) and (D) for flat-top390.10 Dead Ends
raceways.
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390.7Article 390 — Underfloor Raceways

(B) Raceways Over 100 mm (4 in.) Wide But Not OverAs Exhibit 390.1 illustrates, a 3⁄4-in. concrete or wood cov-
200 mm (8 in.) Wide Flat-top raceways over 100 mm (4ering is required over underfloor raceways not over 4 in.
in.) but not over 200 mm (8 in.) wide with a minimum ofwide, except for trench-type and other raceways that are
25 mm (1 in.) spacing between raceways shall be coveredflush with concrete.
with concrete to a depth of not less than 25 mm (1 in.).As Exhibit 390.2 illustrates, flat-top underfloor race-
Raceways spaced less than 25 mm (1 in.) apart shall beways over 4 in. wide and spaced less than 1 in. apart must
covered with concrete to a depth of 38 mm (11⁄2 in.).be covered with at least 11⁄2 in. of concrete.

Approved flush-type underfloor raceways may be in-
(C) Trench-Type Raceways Flush with Concretestalled flush with the floor surface, provided they have covers
Trench-type flush raceways with removable covers shall beat least equal to those of junction box covers.
permitted to be laid flush with the floor surface. Such ap-
proved raceways shall be designed so that the cover plates
provide adequate mechanical protection and rigidity equiva-
lent to junction box covers.

(D) Other Raceways Flush with Concrete In office occu-
pancies, approved metal flat-top raceways, if not over 100
mm (4 in.) in width, shall be permitted to be laid flush with
the concrete floor surface, provided they are covered with
substantial linoleum that is not less than 1.6 mm (1⁄16 in.)
thick or with equivalent floor covering. Where more than
one and not more than three single raceways are each in-
stalled flush with the concrete, they shall be contiguous with
each other and joined to form a rigid assembly.

390.4 Size of Conductors
No conductor larger than that for which the raceway is
designed shall be installed in underfloor raceways.

3¹⁄₈ in.

1¹⁄₄ in.

³⁄₄ in.

390.5 Maximum Number of ConductorsExhibit 390.1 An underfloor raceway not over 4 in. installed in
in Racewaycompliance with 390.3(A). (Redrawn from Walker Systems, a

Wiremold Co.) The combined cross-sectional area of all conductors or ca-
bles shall not exceed 40 percent of the interior cross-sectional
area of the raceway.

390.6 Splices and Taps
Splices and taps shall be made only in junction boxes.

For the purposes of this section, so-called loop wiring
(continuous, unbroken conductor connecting the individual
outlets) shall not be considered to be a splice or tap.

Exception: Splices and taps shall be permitted in trench-
type flush raceway having a removable cover that is accessi-
ble after installation. The conductors, including splices and
taps, shall not fill more than 75 percent of the raceway area
at that point.

390.7 Discontinued Outlets

1¹⁄₂ in.

1¹⁄₂ in.

6¹⁄₂ in.Less than 1 in.

When an outlet is abandoned, discontinued, or removed, the
sections of circuit conductors supplying the outlet shall be

Exhibit 390.2 Two side-by-side underfloor raceways over 4 in.
removed from the raceway. No splices or reinsulated conduc-installed in compliance with 390.3(B). (Redrawn from Walker
tors, such as would be the case with abandoned outlets onSystems, a Wiremold Co.)
loop wiring, shall be allowed in raceways.
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390.8 Article 392 — Cable Trays

390.14 InsertsLoop wiring (continuous, unbroken conductors) is recog-
nized where it runs from the underfloor raceway up to the Inserts shall be leveled and sealed to prevent the entrance
terminals of attached receptacles, back into the raceway, and of concrete. Inserts used with metal raceways shall be metal
then on to the next device, as illustrated in Exhibit 390.3. and shall be electrically continuous with the raceway. Inserts
When an outlet is removed, the sections of conductors sup- set in or on fiber raceways before the floor is laid shall be
plying the outlet must be removed from the raceway as mechanically secured to the raceway. Inserts set in fiber
well. As is the case with abandoned outlets on loop wiring, raceways after the floor is laid shall be screwed into the
reinsulated or spliced conductors are not allowed in race- raceway. When cutting through the raceway wall and setting
ways, except in trench-type raceways as covered in the ex- inserts, chips and other dirt shall not be allowed to remain
ception to 390.6. in the raceway, and tools shall be used that are designed so as

to prevent the tool from entering the raceway and damaging
conductors that may be in place.

390.15 Connections to Cabinets and Wall
Outlets
Connections from underfloor raceways to distribution cen-
ters and wall outlets shall be made by approved fittings or
by any of the wiring methods in Chapter 3, where installed
in accordance with the provisions of the respective articles.

390.17 Ampacity of Conductors
The ampacity adjustment factors, in 310.15(B)(2), shall
apply to conductors installed in underfloor raceways.

Added for the 2005 Code and placed here as a reminder,
ampacity adjustment factors apply to underfloor raceways.

ARTICLE 392
Exhibit 390.3 A receptacle outlet supplied from an underfloor

Cable Traysraceway by the loop method of wiring. (Courtesy of Walker Sys-
tems, a Wiremold Co.)

Summary of Changes
390.8 Laid in Straight Lines • 392.10(A)(1): Revised to require that cables sized 1000

kcmil or larger be installed in a single layer except whereUnderfloor raceways shall be laid so that a straight line from
conductors installed in parallel are bound together to formthe center of one junction box to the center of the next
a single circuit group.junction box coincides with the centerline of the raceway

system. Raceways shall be firmly held in place to prevent • 392.11(B)(3): Added exception for solid bottom cable
disturbing this alignment during construction. trays containing single conductor cables that require the

conductor ampacity to be determined in accordance with
390.9 Markers at Ends the ‘‘Engineering Supervision’’ provisions of 310.15(C).
A suitable marker shall be installed at or near each end of
each straight run of raceways to locate the last insert.

Contents390.10 Dead Ends
392.1 Scope

Dead ends of raceways shall be closed.
392.2 Definition
392.3 Uses Permitted390.13 Junction Boxes

(A) Wiring Methods
Junction boxes shall be leveled to the floor grade and sealed (B) In Industrial Establishments
to prevent the free entrance of water or concrete. Junction (C) Equipment Grounding Conductors
boxes used with metal raceways shall be metal and shall be (D) Hazardous (Classified) Locations
electrically continuous with the raceways.
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392.3Article 392 — Cable Trays

392.1 Scope
(E) Nonmetallic Cable Tray

This article covers cable tray systems, including ladder, ven-392.4 Uses Not Permitted
tilated trough, ventilated channel, solid bottom, and other392.5 Construction Specifications
similar structures.(A) Strength and Rigidity

(B) Smooth Edges
Cable trays are mechanical support systems. Cable trays are(C) Corrosion Protection
not raceways. See the definition of raceway in Article 100.(D) Side Rails

(E) Fittings
(F) Nonmetallic Cable Tray

FPN: For further information on cable trays, see ANSI/392.6 Installation
NEMA–VE 1-1998, Metal Cable Tray Systems;(A) Complete System NEMA–VE 2-1996, Metal Cable Tray Installation

(B) Completed Before Installation Guidelines; and NEMA–FG-1998, Nonmetallic Cable
(C) Supports Tray Systems.
(D) Covers
(E) Multiconductor Cables Rated 600 Volts or Less 392.2 Definition
(F) Cables Rated Over 600 Volts Cable Tray System. A unit or assembly of units or sections
(G) Through Partitions and Walls and associated fittings forming a structural system used to
(H) Exposed and Accessible securely fasten or support cables and raceways.
(I) Adequate Access
(J) Raceways, Cables, Boxes, and Conduit Bodies 392.3 Uses Permitted

Supported from Cable Tray Systems
Cable tray shall be permitted to be used as a support system392.7 Grounding
for service conductors, feeders, branch circuits, communica-(A) Metallic Cable Trays
tions circuits, control circuits, and signaling circuits. Cable(B) Steel or Aluminum Cable Tray Systems
tray installations shall not be limited to industrial establish-392.8 Cable Installation
ments. Where exposed to direct rays of the sun, insulated(A) Cable Splices
conductors and jacketed cables shall be identified as being(B) Fastened Securely
sunlight resistant. Cable trays and their associated fittings(C) Bushed Conduit and Tubing
shall be identified for the intended use.(D) Connected in Parallel

(E) Single Conductors
Cable tray installations are typically an industrial-type wir-392.9 Number of Multiconductor Cables, Rated 2000 Volts
ing method. However, cable tray installations have neveror Less, in Cable Trays
been restricted to industrial installations. Cable tray installa-(A) Any Mixture of Cables
tions are being applied more in commercial installations(B) Multiconductor Control and/or Signal Cables Only
than ever before, especially as a wire-and-cable management(C) Solid Bottom Cable Trays Containing Any Mixture

(D) Solid Bottom Cable Tray — Multiconductor Control system for telecommunications/data installations.
and/or Signal Cables Only

(E) Ventilated Channel Cable Trays
(A) Wiring Methods The wiring methods in Table(F) Solid Channel Cable Trays
392.3(A) shall be permitted to be installed in cable tray392.10 Number of Single-Conductor Cables, Rated 2000
systems under the conditions described in their respectiveVolts or Less, in Cable Trays
articles and sections.(A) Ladder or Ventilated Trough Cable Trays

(B) Ventilated Channel Cable Trays
392.11 Ampacity of Cables, Rated 2000 Volts or Less, in Section 392.3(A) identifies the raceways and many of the

Cable Trays cable types that may be supported in commercial and indus-
(A) Multiconductor Cables trial cable tray installations. Cable tray is rarely used as a
(B) Single-Conductor Cables major raceway support system. For raceway support sys-

392.12 Number of Type MV and Type MC Cables (2001 tems, the versatility of strut systems exceeds that of cable
Volts or Over) in Cable Trays tray support systems.

392.13 Ampacity of Type MV and Type MC Cables (2001 Section 392.3(A) does not identify all the specific cable
Volts or Over) in Cable Trays types that may be installed in commercial and industrial

(A) Multiconductor Cables (2001 Volts or Over) cable tray systems. According to Table 392.3(A), other fac-
(B) Single-Conductor Cables (2001 Volts or Over) tory-assembled, multiconductor control, signal, and power

National Electrical Code Handbook 2005 429

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

--```,,``,`,,,`,`,`,`,,,,,,`,,,-`-`,,`,,`,`,,`---



392.3 Article 392 — Cable Trays

Table 392.3(A) Wiring Methods Section 392.3(B) permits single-conductor cables (rated 0
to 2000 volts) and Type MV cables to be installed in ladder,Wiring Method Article Section
ventilated-trough, or ventilated-channel cable trays, pro-
vided the installation is located in a qualifying industrialArmored cable 320
facility.Communication raceways 800

Electrical metallic tubing 358

Electrical nonmetallic tubing 362 (1) Single Conductors Single-conductor cables shall be
Fire alarm cables 760 permitted to be installed in accordance with (B)(1)(a)
Flexible metal conduit 348 through (B)(1)(c).
Flexible metallic tubing 360

(a) Single-conductor cable shall be 1/0 AWG or larger
Instrumentation tray cable 727

and shall be of a type listed and marked on the surface for
Intermediate metal conduit 342 use in cable trays. Where 1/0 AWG through 4/0 AWG single-
Liquidtight flexible metal conduit 350 conductor cables are installed in ladder cable tray, the maxi-
Liquidtight flexible nonmetallic 356 mum allowable rung spacing for the ladder cable tray shall

conduit be 225 mm (9 in.).
Metal-clad cable 330

(b) Welding cables shall comply with the provisions of
Mineral-insulated, metal-sheathed 332

Article 630, Part IV.cable

Multiconductor service-entrance 338
cable Cable trays used to support welding cables are required to

be dedicated for welding cable installation. See 630.42 forMulticonductor underground feeder 340
and branch-circuit cable installation details.

Multipurpose and communications 800
cables

(c) Single conductors used as equipment groundingNonmetallic-sheathed cable 334
conductors shall be insulated, covered, or bare, and theyPower and control tray cable 336
shall be 4 AWG or larger.Power-limited tray cable 725.61(C) and

725.82(E)
(2) Medium Voltage Single- and multiconductor mediumOptical fiber cables 770
voltage cables shall be Type MV cable. Single conductorsOptical fiber raceways 770
shall be installed in accordance with 392.3(B)(1).

Other factory-assembled,
multiconductor control, signal, or (C) Equipment Grounding Conductors Metallic cable
power cables that are specifically

trays shall be permitted to be used as equipment groundingapproved for installation in cable
conductors where continuous maintenance and supervisiontrays
ensure that qualified persons service the installed cable trayRigid metal conduit 344
system and the cable tray complies with provisions of 392.7.Rigid nonmetallic conduit 352

Section 392.3(C) expanded the optional use of the cable tray
as the equipment grounding conductor. No longer is this
practice limited to qualifying industrial installations. To

cables that are specifically approved for installation in cable qualify as an equipment grounding conductor, the cable tray
trays are permitted as well. system must meet all four requirements of 392.7(B).

(B) In Industrial Establishments The wiring methods in (D) Hazardous (Classified) Locations Cable trays in haz-
Table 392.3(A) shall be permitted to be used in any industrial ardous (classified) locations shall contain only the cable
establishment under the conditions described in their respec- types permitted in 501.10, 502.10, 503.10, 504.20, and
tive articles. In industrial establishments only, where condi- 505.15.
tions of maintenance and supervision ensure that only
qualified persons service the installed cable tray system, any (E) Nonmetallic Cable Tray In addition to the uses permit-

ted elsewhere in 392.3, nonmetallic cable tray shall be per-of the cables in 392.3(B)(1) and (B)(2) shall be permitted
to be installed in ladder, ventilated trough, solid bottom, or mitted in corrosive areas and in areas requiring voltage

isolation.ventilated channel cable trays.
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392.6Article 392 — Cable Trays

Where cable trays support individual conductors andFiberglass cable trays are often used to support cables in
where the conductors pass from one cable tray to another,corrosive environments or in electrolytic cell rooms where
or from a cable tray to raceway(s) or from a cable tray tovoltage isolation is required. See Article 668, Electrolytic
equipment where the conductors are terminated, the distanceCells.
between cable trays or between the cable tray and the race-
way(s) or the equipment shall not exceed 1.8 m (6 ft). The
conductors shall be secured to the cable tray(s) at the transi-392.4 Uses Not Permitted
tion, and they shall be protected, by guarding or by location,Cable tray systems shall not be used in hoistways or where
from physical damage.subject to severe physical damage. Cable tray systems shall

A bonding jumper sized in accordance with 250.102not be used in ducts, plenums, and other air-handling spaces,
shall connect the two sections of cable tray, or the cableexcept as permitted in 300.22, to support wiring methods
tray and the raceway or equipment. Bonding shall be inrecognized for use in such spaces.
accordance with 250.96.

Section 300.22(C) specifically limits the types of wiring
Runs of cable tray are not required to be totally mechanicallymethods that may be used within other spaces used for
continuous from the equipment source to the equipmentenvironmental air. Metallic cable trays may be used within
termination. Breaks in the mechanical continuity of cablethese spaces to support only the recognized wiring methods
tray systems are permitted and often occur at tees, cross-permitted in these spaces. The cable tray types may be ladder,
overs, elevation changes, fire stops, or for thermal contrac-ventilated trough, ventilated channel, or solid bottom. Metal
tion and expansion. Also, cable tray systems are not requiredcable trays are not the limiting factor; rather, the cable or
to be mechanically connected to the equipment they serve.wiring method is the limiting factor.

The 6-ft distance limit applies to mechanically discon-
tinuous cable tray segments for individual conductors but
not to trays containing multiconductor cables. For further392.5 Construction Specifications
information regarding multiconductor Type TC tray cable

(A) Strength and Rigidity Cable trays shall have suitable
used with discontinuous cable tray, refer to 336.10(6).

strength and rigidity to provide adequate support for all
Most important, especially for discontinuous cable tray

contained wiring.
segments, is the bonding of the entire cable tray system.
According to 250.96, properly sized and installed bonding(B) Smooth Edges Cable trays shall not have sharp edges,
conductors must be installed across any mechanical disconti-burrs, or projections that could damage the insulation or
nuities in the cable tray system and across any space betweenjackets of the wiring.
the cable tray and the conductor termination equipment en-
closure or its equipment ground bus.(C) Corrosion Protection Cable tray systems shall be cor-

Of course, the cables installed within cable tray systemsrosion resistant. If made of ferrous material, the system shall
must always be supported to the minimum requirements ofbe protected from corrosion as required by 300.6.
the applicable article. This requirement either limits the gap

(D) Side Rails Cable trays shall have side rails or equiva- distance in cable tray runs and between the cable tray and
lent structural members. the equipment enclosures or requires intermediate cable sup-

ports at the appropriate distances in place of the cable tray.
(E) Fittings Cable trays shall include fittings or other suit-
able means for changes in direction and elevation of runs.

(B) Completed Before Installation Each run of cable tray(F) Nonmetallic Cable Tray Nonmetallic cable trays shall
shall be completed before the installation of cables.be made of flame-retardant material.

(C) Supports Supports shall be provided to prevent stress
392.6 Installation on cables where they enter raceways or other enclosures
(A) Complete System Cable trays shall be installed as a from cable tray systems.
complete system. Field bends or modifications shall be so Cable trays shall be supported at intervals in accordance
made that the electrical continuity of the cable tray system with the installation instructions.
and support for the cables is maintained. Cable tray systems
shall be permitted to have mechanically discontinuous seg- (D) Covers In portions of runs where additional protection

is required, covers or enclosures providing the required pro-ments between cable tray runs or between cable tray runs
and equipment. The system shall provide for the support of tection shall be of a material that is compatible with the

cable tray.the cables in accordance with their corresponding articles.
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392.7 Article 392 — Cable Trays

ing to equipment outside the cable tray system must be(E) Multiconductor Cables Rated 600 Volts or Less Mul-
ticonductor cables rated 600 volts or less shall be permitted supported according to their respective article. For example,

Type MC cable in the larger sizes is required to be supportedto be installed in the same cable tray.
outside a cable tray system at intervals not exceeding 6 ft,

(F) Cables Rated Over 600 Volts Cables rated over 600
according to 330.30.

volts and those rated 600 volts or less installed in the same
cable tray shall comply with either of the following:

(1) The cables rated over 600 volts are Type MC. 392.7 Grounding
(2) The cables rated over 600 volts are separated from the (A) Metallic Cable Trays Metallic cable trays that support

cables rated 600 volts or less by a solid fixed barrier electrical conductors shall be grounded as required for con-
of a material compatible with the cable tray. ductor enclosures in accordance with 250.96.

(G) Through Partitions and Walls Cable trays shall be
permitted to extend transversely through partitions and walls Section 392.7(A), together with 250.96, requires all cable
or vertically through platforms and floors in wet or dry tray systems that support electrical conductors (whether me-
locations where the installations, complete with installed chanically continuous or with isolated segments) to be elec-
cables, are made in accordance with the requirements of trically continuous and effectively bonded and grounded.
300.21. This requirement applies whether or not the cable tray is

used as an equipment grounding conductor.
(H) Exposed and Accessible Cable trays shall be exposed
and accessible except as permitted by 392.6(G).

(B) Steel or Aluminum Cable Tray Systems Steel or alu-(I) Adequate Access Sufficient space shall be provided
minum cable tray systems shall be permitted to be usedand maintained about cable trays to permit adequate access
as equipment grounding conductors, provided that all thefor installing and maintaining the cables.
following requirements are met:

(J) Raceways, Cables, Boxes, and Conduit Bodies Sup-
ported from Cable Tray Systems In industrial facilities (1) The cable tray sections and fittings shall be identified

for grounding purposes.where conditions of maintenance and supervision ensure
that only qualified persons service the installation and where (2) The minimum cross-sectional area of cable trays shall

conform to the requirements in Table 392.7(B).the cable tray systems are designed and installed to support
the load, such systems shall be permitted to support raceways (3) All cable tray sections and fittings shall be legibly and

durably marked to show the cross-sectional area of metaland cables, and boxes and conduit bodies covered in 314.1.
For raceways terminating at the tray, a listed cable tray clamp in channel cable trays, or cable trays of one-piece con-

struction, and the total cross-sectional area of both sideor adapter shall be used to securely fasten the raceway to
the cable tray system. Additional supporting and securing rails for ladder or trough cable trays.

(4) Cable tray sections, fittings, and connected racewaysof the raceway shall be in accordance with the requirements
of the appropriate raceway article. shall be bonded in accordance with 250.96, using bolted

mechanical connectors or bonding jumpers sized andFor raceways or cables running parallel to and attached
to the bottom or side of a cable tray system, fastening and installed in accordance with 250.102.
supporting shall be in accordance with the requirements of
the appropriate raceway or cable article. For cable tray systems in commercial occupancies, designers

For boxes and conduit bodies attached to the bottom or are afforded the option to specify multiconductor cables
side of a cable tray system, fastening and supporting shall without equipment grounding conductors (EGCs) and to use
be in accordance with the requirements of 314.23. the cable tray system as the required EGC, provided the

cable tray system meets the requirements of 392.7(A) and
392.7(B). Exhibit 392.1 shows an example of the groundingSection 392.6(J) permits conduit and cable termination sup-

ports as well as outlet boxes supported solely by the cable and bonding of multiconductor cables in cable trays with
conduit runs to power equipment.tray in qualifying industrial facilities only. These items are

not permitted to be supported solely by the cable tray in For cable tray systems in industrial establishments that
qualify, the designer is also afforded the option to specifycommercial installations.

For commercial installations (and nonqualifying indus- single-conductor cables without a cable EGC and to use the
cable tray as the required EGC. Again, this option is availabletrial facilities), conduits must be supported within 3 ft of

the cable tray or within 5 ft if structural members do not only if the cable tray system meets the requirements of
392.7(A) and 392.7(B).permit fastening within 3 ft of the cable tray. Cables connect-
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392.9Article 392 — Cable Trays

groups to prevent excessive movement due to fault-currentTable 392.7(B) Metal Area Requirements for Cable Trays Used
as Equipment Grounding Conductor magnetic forces unless single conductors are cabled together,

such as triplexed assemblies.
Maximum Fuse Ampere
Rating, Circuit Breaker Minimum Cross-Sectional Area of

The binding or otherwise grouping of 3-phase circuits isAmpere Trip Setting, or Metala

Circuit Breaker good engineering practice. If properly done, it results in the
Protective Relay phase reactances of the conductors being balanced, which

Steel Cable Aluminum CableAmpere Trip Setting for reduces the voltage unbalance between the phases of the 3-Trays TraysGround-Fault
phase circuit.Protection of Any Cable

Circuit in the Cable
Tray System mm2 in.2 mm2 in.2 (E) Single Conductors Where any of the single conductors

installed in ladder or ventilated trough cable trays are 1/060 129 0.20 129 0.20
through 4/0 AWG, all single conductors shall be installed100 258 0.40 129 0.20

200 451.5 0.70 129 0.20 in a single layer. Conductors that are bound together to
400 645 1.00 258 0.40 comprise each circuit group shall be permitted to be installed
600 967.5 1.50b 258 0.40 in other than a single layer.

1000 — — 387 0.60
1200 — — 645 1.00 392.9 Number of Multiconductor Cables, Rated
1600 — — 967.5 1.50

2000 Volts or Less, in Cable Trays2000 — — 1290 2.00b

The number of multiconductor cables, rated 2000 volts oraTotal cross-sectional area of both side rails for ladder or trough cable
less, permitted in a single cable tray shall not exceed thetrays; or the minimum cross-sectional area of metal in channel cable
requirements of this section. The conductor sizes hereintrays or cable trays of one-piece construction.

bSteel cable trays shall not be used as equipment grounding conductors apply to both aluminum and copper conductors.
for circuits with ground-fault protection above 600 amperes. Aluminum
cable trays shall not be used as equipment grounding conductors for (A) Any Mixture of Cables Where ladder or ventilated
circuits with ground-fault protection above 2000 amperes. trough cable trays contain multiconductor power or lighting

cables, or any mixture of multiconductor power, lighting,
control, and signal cables, the maximum number of cables392.8 Cable Installation
shall conform to the following:

(A) Cable Splices Cable splices made and insulated by
(1) Where all of the cables are 4/0 AWG or larger, the sumapproved methods shall be permitted to be located within a

of the diameters of all cables shall not exceed the cablecable tray, provided they are accessible and do not project
tray width, and the cables shall be installed in a singleabove the side rails.
layer.

(B) Fastened Securely In other than horizontal runs, the (2) Where all of the cables are smaller than 4/0 AWG, the
cables shall be fastened securely to transverse members of sum of the cross-sectional areas of all cables shall not
the cable trays. exceed the maximum allowable cable fill area in Col-

umn 1 of Table 392.9 for the appropriate cable tray
width.Other fastening requirements are found in 392.6(A) and

(3) Where 4/0 AWG or larger cables are installed in the392.6(C).
same cable tray with cables smaller than 4/0 AWG, the
sum of the cross-sectional areas of all cables smaller

(C) Bushed Conduit and Tubing A box shall not be re- than 4/0 AWG shall not exceed the maximum allowable
quired where cables or conductors are installed in bushed fill area resulting from the calculation in Column 2 of
conduit and tubing used for support or for protection against Table 392.9 for the appropriate cable tray width. The
physical damage. 4/0 AWG and larger cables shall be installed in a single

layer, and no other cables shall be placed on them.(D) Connected in Parallel Where single conductor cables
comprising each phase, neutral, or grounded conductor of (B) Multiconductor Control and/or Signal Cables Only

Where a ladder or ventilated trough cable tray having aan alternating-current circuit are connected in parallel as
permitted in 310.4, the conductors shall be installed in groups usable inside depth of 150 mm (6 in.) or less contains multi-

conductor control and/or signal cables only, the sum of theconsisting of not more than one conductor per phase, neutral,
or grounded conductor to prevent current imbalance in the cross-sectional areas of all cables at any cross section shall

not exceed 50 percent of the interior cross-sectional area ofparalleled conductors due to inductive reactance.
Single conductors shall be securely bound in circuit the cable tray. A depth of 150 mm (6 in.) shall be used to
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392.9 Article 392 — Cable Trays

Exhibit 392.1 An example of
multiconductor cables in cable
trays with conduit runs to
power equipment where bond-
ing is provided in accordance
with 392.7(B)(4). (Redrawn
courtesy of Cable Tray Insti-
tute) In qualifying installations, cables

are not required to have EGCs if
the fuse rating or circuit-breaker
trip setting of the feeder over-
current device permits
using the cable tray for
equipment grounding.

Discontinous joints
require bonding.

Bonding jumper is not required
for rigidly bolted tray joints.

Switchgear
transformer

System grounding
electrode conductor

Ground bus,
bonded to enclosure

Ground
wires in
cable

Bond

Bond

Ground bus,
bonded to
enclosure

Motor
installation

Conduit

Power
distribution
panel, motor
control center,
etc.

Equipment
grounding
conductors

Bond

X

Neutral
bus

calculate the allowable interior cross-sectional area of any exceed the maximum allowable cable fill area in Col-
umn 3 of Table 392.9 for the appropriate cable traycable tray that has a usable inside depth of more than 150

mm (6 in.). width.
(3) Where 4/0 AWG or larger cables are installed in the

(C) Solid Bottom Cable Trays Containing Any Mixture same cable tray with cables smaller than 4/0 AWG, the
Where solid bottom cable trays contain multiconductor sum of the cross-sectional areas of all cables smaller
power or lighting cables, or any mixture of multiconductor than 4/0 AWG shall not exceed the maximum allowable
power, lighting, control, and signal cables, the maximum fill area resulting from the computation in Column 4
number of cables shall conform to the following: of Table 392.9 for the appropriate cable tray width. The

4/0 AWG and larger cables shall be installed in a single(1) Where all of the cables are 4/0 AWG or larger, the sum
layer, and no other cables shall be placed on them.of the diameters of all cables shall not exceed 90 percent

of the cable tray width, and the cables shall be installed
(D) Solid Bottom Cable Tray — Multiconductor Controlin a single layer.

(2) Where all of the cables are smaller than 4/0 AWG, the and/or Signal Cables Only Where a solid bottom cable
tray having a usable inside depth of 150 mm (6 in.) or lesssum of the cross-sectional areas of all cables shall not

2005 National Electrical Code Handbook434

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



392.9Article 392 — Cable Trays

Table 392.9 Allowable Cable Fill Area for Multiconductor Cables in Ladder, Ventilated Trough,
or Solid Bottom Cable Trays for Cables Rated 2000 Volts or Less

Maximum Allowable Fill Area for Multiconductor Cables

Ladder or Ventilated Trough Cable Trays, 392.9(A) Solid Bottom Cable Trays, 392.9(C)

Column 1 Column 3 Column 4a

Inside Width of Applicable for Column 2a Applicable for Applicable for 392.9(C)(3)
Cable Tray 392.9(A)(2) Only Applicable for 392.9(A)(3) Only 392.9(C)(2) Only Only

mm in. mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2

150 6.0 4,500 7.0 4,500 – (30 Sd)b 7 – (1.2 Sd)b 3,500 5.5 3,500 – (25 Sd)b 5.5 – Sdb

225 9.0 6,800 10.5 6,800 – (30 Sd) 10.5 – (1.2 Sd) 5,100 8.0 5,100 – (25 Sd) 8.0 – Sd
300 12.0 9,000 14.0 9,000 – (30 Sd) 14 – (1.2 Sd) 7,100 11.0 7,100 – (25 Sd) 11.0 – Sd
450 18.0 13,500 21.0 13,500 – (30 Sd) 21 – (1.2 Sd) 10,600 16.5 10,600 – (25 Sd) 16.5 – Sd
600 24.0 18,000 28.0 18,000 – (30 Sd) 28 – (1.2 Sd) 14,200 22.0 14,200 – (25 Sd) 22.0 – Sd
750 30.0 22,500 35.0 22,500 – (30 Sd) 35 – (1.2 Sd) 17,700 27.5 17,700 – (25 Sd) 27.5 – Sd
900 36.0 27,000 42.0 27,000 – (30 Sd) 42 – (1.2 Sd) 21,300 33.0 21,300 – (25 Sd) 33.0 – Sd

aThe maximum allowable fill areas in Columns 2 and 4 shall be calculated. For example, the maximum
allowable fill in mm2 for a 150-mm wide cable tray in Column 2 shall be 4500 minus (30 multiplied by Sd)
[the maximum allowable fill, in square inches, for a 6-in. wide cable tray in Column 2 shall be 7 minus (1.2
multiplied by Sd)].
bThe term Sd in Columns 2 and 4 is equal to the sum of the diameters, in mm, of all cables 107.2 mm (in
inches, of all 4/0 AWG) and larger multiconductor cables in the same cable tray with smaller cables.

Table 392.9(E) Allowable Cable Fill Area for Multiconductorcontains multiconductor control and/or signal cables only,
Cables in Ventilated Channel Cable Trays for Cables Ratedthe sum of the cross-sectional areas of all cables at any cross
2000 Volts or Less

section shall not exceed 40 percent of the interior cross-
sectional area of the cable tray. A depth of 150 mm Maximum Allowable Fill Area for
(6 in.) shall be used to calculate the allowable interior cross- Multiconductor Cables
sectional area of any cable tray that has a usable inside depth

Column 2of more than 150 mm (6 in.).
Inside Width of Column 1 More Than

Cable Tray One Cable One Cable(E) Ventilated Channel Cable Trays Where ventilated
channel cable trays contain multiconductor cables of any mm in. mm2 in.2 mm2 in.2
type, the following shall apply:

75 3 1500 2.3 850 1.3(1) Where only one multiconductor cable is installed, the 100 4 2900 4.5 1600 2.5
cross-sectional area shall not exceed the value specified 150 6 4500 7.0 2450 3.8
in Column 1 of Table 392.9(E).

(2) Where more than one multiconductor cable is installed,
the sum of the cross-sectional area of all cables shall

fill in the field. Installation handbooks for cable tray applica-not exceed the value specified in Column 2 of Table
tions are available from various cable tray manufacturers.392.9(E).

Cable trays may be ladder, ventilated trough, ventilated chan- (F) Solid Channel Cable Trays Where solid channel cable
nel, or solid bottom of various widths. The depth of a cable trays contain multiconductor cables of any type, the follow-
tray is a structural consideration. The depth (up to 6 in.) is ing shall apply:
related to fill only where the cable tray contains signal and

(1) Where only one multiconductor cable is installed, thecontrol cables or if the cable tray contains large cable splices.
cross-sectional area of the cable shall not exceed theHeat dissipation is generally not a problem for signal and
value specified in Column 1 of Table 392.9(F).control cables. Inspectors or contractors, therefore, are not

(2) Where more than one multiconductor cable is installed,expected to calculate the various combinations of cable tray
the sum of the cross-sectional area of all cable shall
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392.10 Article 392 — Cable Trays

not exceed the value specified in Column 2 of Table sulting from the computation in Column 2 of Table
392.10(A) for the appropriate cable tray width.392.9(F).

(4) Where any of the single conductor cables are 1/0 through
4/0 AWG, the sum of the diameters of all single conduc-Table 392.9(F) Allowable Cable Fill Area for Multiconductor

Cables in Solid Channel Cable Trays for Cables Rated 2000 tor cables shall not exceed the cable tray width.
Volts or Less

(B) Ventilated Channel Cable Trays Where 50 mm (2 in.),
Inside Width of Column 1 Column 2 More 75 mm (3 in.), 100 mm (4 in.), or 150 mm (6 in.) wide

Cable Tray One Cable Than One Cable ventilated channel cable trays contain single-conductor ca-
bles, the sum of the diameters of all single conductors shallmm in. mm2 in.2 mm2 in.2
not exceed the inside width of the channel.

50 2 850 1.3 500 0.8
75 3 1300 2.0 700 1.1 392.11 Ampacity of Cables, Rated 2000 Volts or100 4 2400 3.7 1400 2.1

Less, in Cable Trays150 6 3600 5.5 2100 3.2

(A) Multiconductor Cables The allowable ampacity of
multiconductor cables, nominally rated 2000 volts or less,
installed according to the requirements of 392.9 shall be as

392.10 Number of Single-Conductor Cables, given in Tables 310.16 and 310.18, subject to the provisions
Rated 2000 Volts or Less, in Cable Trays of (1), (2), (3), and 310.15(A)(2).
The number of single-conductor cables, rated 2000 volts or

(1) The derating factors of 310.15(B)(2)(a) shall apply onlyless, permitted in a single cable tray section shall not exceed
to multiconductor cables with more than three current-the requirements of this section. The single conductors, or
carrying conductors. Derating shall be limited to theconductor assemblies, shall be evenly distributed across the
number of current-carrying conductors in the cable andcable tray. The conductor sizes herein apply to both alumi-
not to the number of conductors in the cable tray.num and copper conductors.

(2) Where cable trays are continuously covered for more
than 1.8 m (6 ft) with solid unventilated covers, not(A) Ladder or Ventilated Trough Cable Trays Where
over 95 percent of the allowable ampacities of Tablesladder or ventilated trough cable trays contain single-conduc-
310.16 and 310.18 shall be permitted for multiconductortor cables, the maximum number of single conductors shall
cables.conform to the following:

(3) Where multiconductor cables are installed in a single
(1) Where all of the cables are 1000 kcmil or larger, the layer in uncovered trays, with a maintained spacing of

sum of the diameters of all single conductor cables shall not less than one cable diameter between cables, the
not exceed cable tray width, and the cables shall be ampacity shall not exceed the allowable ambient tem-
installed in a single layer. Conductors that are bound perature-corrected ampacities of multiconductor cables,
together to comprise each circuit group shall be permit- with not more than three insulated conductors rated
ted to be installed in other than a single layer. 0 through 2000 volts in free air, in accordance with

310.15(C).
Section 392.10(A)(1) was expanded for the 2005 Code to

FPN: See Table B.310.3.clarify that cables 1000 kcmil and larger should be installed
in a single layer except where these large cables are bundled

Exhibit 392.2 illustrates the requirement of 392.11(A)(3).according to circuit.
Note that the cables, rated 2000 volts or less, are installed
in a single layer in an uncovered tray, with not less than
one cable diameter between cables and not more than three(2) Where all of the cables are from 250 kcmil up to 1000
conductors per cable. Refer to Table B.310.3 in Annex Bkcmil, the sum of the cross-sectional areas of all single-
for the ampacity of the conductors in this configuration.conductor cables shall not exceed the maximum allow-

able cable fill area in Column 1 of Table 392.10(A) for
the appropriate cable tray width.

(B) Single-Conductor Cables The allowable ampacity of(3) Where 1000 kcmil or larger single-conductor cables are
installed in the same cable tray with single-conductor single-conductor cables shall be as permitted by

310.15(A)(2). The derating factors of 310.15(B)(2)(a) shallcables smaller than 1000 kcmil, the sum of the cross-
sectional areas of all cables smaller than 1000 kcmil not apply to the ampacity of cables in cable trays. The

ampacity of single-conductor cables, or single conductorsshall not exceed the maximum allowable fill area re-
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392.11Article 392 — Cable Trays

Table 392.10(A) Allowable Cable Fill Area for Single-Conductor Cables in Ladder or
Ventilated Trough Cable Trays for Cables Rated 2000 Volts or Less

Maximum Allowable Fill Area for Single-Conductor Cables in Ladder or Ventilated Trough
Cable Trays

Column 1 Applicable for
Inside Width of Cable Tray 392.10(A)(2) Only Column 2a Applicable for 392.10(A)(3) Only

mm in. mm2 in.2 mm2 in.2

150 6 4,200 6.5 4,200 – (28 Sd)b 6.5 – (1.1 Sd)b

225 9 6,100 9.5 6,100 – (28 Sd) 9.5 – (1.1 Sd)
300 12 8,400 13.0 8,400 – (28 Sd) 13.0 – (1.1 Sd)
450 18 12,600 19.5 12,600 – (28 Sd) 19.5 – (1.1 Sd)
600 24 16,800 26.0 16,800 – (28 Sd) 26.0 – (1.1 Sd)
750 30 21,000 32.5 21,000 – (28 Sd) 32.5 – (1.1 Sd)
900 36 25,200 39.0 25,200 – (28 Sd) 39.0 – (1.1 Sd)

aThe maximum allowable fill areas in Column 2 shall be calculated. For example, the maximum allowable
fill, in mm2, for a 150 mm wide cable tray in Column 2 shall be 4200 minus (28 multiplied by Sd) [the
maximum allowable fill, in square inches, for a 6-in. wide cable tray in Column 2 shall be 6.5 minus (1.1
multiplied by Sd)].
bThe term Sd in Column 2 is equal to the sum of the diameters, in mm, of all cables 507 mm2 (in inches,
of all 1000 kcmil) and larger single-conductor cables in the same ladder or ventilated trough cable tray with
small cables.

not exceed 65 percent of the allowable ampacities in
Tables 310.17 and 310.19. Where cable trays are contin-
uously covered for more than 1.8 m (6 ft) with solid
unventilated covers, the ampacities for 1/0 AWG
through 500 kcmil cables shall not exceed 60 percent
of the allowable ampacities in Tables 310.17 and 310.19.

(3) Where single conductors are installed in a single layer
in uncovered cable trays, with a maintained space of
not less than one cable diameter between individual
conductors, the ampacity of 1/0 AWG and larger cables

Not less than one cable-diameter spacing
 or separation between cables

shall not exceed the allowable ampacities in Tables
310.17 and 310.19.Exhibit 392.2 An illustration of 392.11(A)(3) for multiconductor

cables, 2000 volts or less, with not more than three conductors
Exception to (B)(3): For solid bottom cable trays the am-per cable (ampacity to be determined from Table B.310.3 in
pacity of single conductor cables shall be determined byAnnex B).
310.15(C).

(4) Where single conductors are installed in a triangular or
square configuration in uncovered cable trays, with acabled together (triplexed, quadruplexed, etc.), nominally
maintained free airspace of not less than 2.15 timesrated 2000 volts or less, shall comply with the following:
one conductor diameter (2.15 � O.D.) of the largest

(1) Where installed according to the requirements of conductor contained within the configuration and adja-
392.10, the ampacities for 600 kcmil and larger single- cent conductor configurations or cables, the ampacity
conductor cables in uncovered cable trays shall not ex- of 1/0 AWG and larger cables shall not exceed the
ceed 75 percent of the allowable ampacities in Tables allowable ampacities of two or three single insulated
310.17 and 310.19. Where cable trays are continuously conductors rated 0 through 2000 volts supported on a
covered for more than 1.8 m (6 ft) with solid unventil- messenger in accordance with 310.15(B).
ated covers, the ampacities for 600 kcmil and larger

FPN: See Table 310.20.cables shall not exceed 70 percent of the allowable
ampacities in Tables 310.17 and 310.19.

(2) Where installed according to the requirements of Section 392.11(B)(4) recognizes single conductors in a trian-
392.10, the ampacities for 1/0 AWG through 500 kcmil gular configuration installed in a cable tray with maintained
single-conductor cables in uncovered cable trays shall
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392.12 Article 392 — Cable Trays

spacing as having the same ampacity as three single insulated conductor cables are triplexed, quadruplexed, or bound to-
gether in circuit groups, the sum of the diameters of theconductors on a messenger. The maintained spacing allows

air to circulate around the cable. single conductors shall not exceed the cable tray width, and
these groups shall be installed in single layer arrangement.Where three single conductors, nominally rated 2000

volts or less, are cabled together in a triangular configuration,
with not less than 2.15 times the conductor diameter (2.15 392.13 Ampacity of Type MV and Type MC
� OD) between groups, as illustrated in Exhibit 392.3, the Cables (2001 Volts or Over) in Cable Trays
ampacity of the conductors is determined in accordance with The ampacity of cables, rated 2001 volts, nominal, or over,
Table 310.20. installed according to 392.12 shall not exceed the require-

ments of this section.

(A) Multiconductor Cables (2001 Volts or Over) The al-
lowable ampacity of multiconductor cables shall be as given
in Tables 310.75 and 310.76, subject to the following provis-
ions:

(1) Where cable trays are continuously covered for more
than 1.8 m (6 ft) with solid unventilated covers, not
more than 95 percent of the allowable ampacities of
Tables 310.75 and 310.76 shall be permitted for multi-
conductor cables.

(2) Where multiconductor cables are installed in a single

OD OD OD
No cover

All single conductors 
1/0 AWG min.
 2000 V or lessMinimum of 2.15 x OD 

between groups
layer in uncovered cable trays, with maintained spacing
of not less than one cable diameter between cables, the

Exhibit 392.3 An illustration of 392.11(B)(4), for three single ampacity shall not exceed the allowable ampacities of
conductors installed in a triangular configuration with spacing

Tables 310.71 and 310.72.between groups of not less than 2.15 times the conductor diame-
ter (ampacities to be determined from Table 310.20).

(B) Single-Conductor Cables (2001 Volts or Over) The
ampacity of single-conductor cables, or single conductors

Where single conductors are installed in cable trays, cabled together (triplexed, quadruplexed, etc.), shall comply
their ampacities are permitted to be calculated using many with the following:
variations of Table 310.16, Table 310.17, and Table 310.19.

(1) The ampacities for 1/0 AWG and larger single-conduc-Where these single conductor cables emerge from a cable
tor cables in uncovered cable trays shall not exceed 75tray installation and are terminated at circuit breakers, distri-
percent of the allowable ampacities in Tables 310.69bution switchgear, and similar electrical equipment, it is
and 310.70. Where the cable trays are covered for moreimportant to understand the temperature limitations of the
than 1.8 m (6 ft) with solid unventilated covers, theelectrical equipment terminals and to coordinate those tem-
ampacities for 1/0 AWG and larger single-conductorperature limitations with the ampacity of the single conduc-
cables shall not exceed 70 percent of the allowabletor cables. As stated in both the UL General Information
ampacities in Tables 310.69 and 310.70.for Electrical Equipment Directory and in 110.14(C)(1), un-

(2) Where single-conductor cables are installed in a singleless the equipment is listed and marked otherwise, conductor
layer in uncovered cable trays, with a maintained spaceampacities used in determining equipment terminations must
of not less than one cable diameter between individualbe based on Table 310.16 as modified by 310.15(B)(1)
conductors, the ampacity of 1/0 AWG and larger cablesthrough 310.15(B)(6).
shall not exceed the allowable ampacities in Tables
310.69 and 310.70.

392.12 Number of Type MV and Type MC (3) Where single conductors are installed in a triangular or
Cables (2001 Volts or Over) in Cable Trays square configuration in uncovered cable trays, with a

maintained free air space of not less than 2.15 timesThe number of cables rated 2001 volts or over permitted in
a single cable tray shall not exceed the requirements of this the diameter (2.15 � O.D.) of the largest conductor

contained within the configuration and adjacent conduc-section.
The sum of the diameters of single-conductor and multi- tor configurations or cables, the ampacity of 1/0 AWG

and larger cables shall not exceed the allowable ampaci-conductor cables shall not exceed the cable tray width, and
the cables shall be installed in a single layer. Where single ties in Tables 310.67 and 310.68.
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394.19Article 394 — Concealed Knob-and-Tube Wiring

unfinished attics and roof spaces as provided by 394.23 onlyARTICLE 394
as follows:Concealed Knob-and-Tube Wiring
(1) For extensions of existing installations
(2) Elsewhere by special permission

Contents
I. General Concealed knob-and-tube wiring is permitted to be installed

394.1 Scope only for extensions of existing installations or where special
394.2 Definition permission is granted by the authority having jurisdiction

II. Installation of enforcement of the Code. See definition of special permis-
394.10 Uses Permitted sion in Article 100.
394.12 Uses Not Permitted
394.17 Through or Parallel to Framing Members
394.19 Clearances 394.12 Uses Not Permitted

(A) General Concealed knob-and-tube wiring shall not be used in the
(B) Limited Conductor Space following:
(C) Clearance from Piping, Exposed Conductors,

(1) Commercial garagesand So Forth
(2) Theaters and similar locations394.23 In Accessible Attics
(3) Motion picture studios(A) Accessible by Stairway or Permanent Ladder
(4) Hazardous (classified) locations(B) Not Accessible by Stairway or Permanent
(5) Hollow spaces of walls, ceilings, and attics where suchLadder

spaces are insulated by loose, rolled, or foamed-in-place394.30 Securing and Supporting
insulating material that envelops the conductors(A) Supporting

(B) Securing
394.42 Devices Concealed knob-and-tube wiring is designed for use in hol-

low spaces of walls, ceilings, and attics and utilizes the free394.56 Splices and Taps
air in such spaces for heat dissipation. Weatherization ofIII. Construction Specifications
hollow spaces by blown-in, foamed-in, or rolled insulation394.104 Conductors
prevents the dissipation of heat into the free air space, re-
sulting in higher conductor temperature, which could cause

I. General insulation breakdown and possible ignition of the insulation.

394.1 Scope
This article covers the use, installation, and construction 394.17 Through or Parallel to
specifications of concealed knob-and-tube wiring. Framing Members

Conductors shall comply with 398.17 where passing through394.2 Definition
holes in structural members. Where passing through wood

Concealed Knob-and-Tube Wiring. A wiring method cross members in plastered partitions, conductors shall be
using knobs, tubes, and flexible nonmetallic tubing for the protected by noncombustible, nonabsorbent, insulating tubes
protection and support of single insulated conductors. extending not less than 75 mm (3 in.) beyond the wood

member.
Open wiring on insulators (Article 398) is required to be
exposed, whereas knob-and-tube wiring is allowed to be The provision for insulated tubes where knob-and-tube wir-
concealed. Conductors used for knob-and-tube work may ing passes through wood cross members in plastered parti-
be of any general-use type specified by Article 310. tions is intended to protect the wire from contact with plaster

that is likely to accumulate on horizontal wood members.

II. Installation
394.19 Clearances394.10 Uses Permitted
(A) General A clearance of not less than 75 mm (3 in.)Concealed knob-and-tube wiring shall be permitted to be

installed in the hollow spaces of walls and ceilings or in shall be maintained between conductors and a clearance of
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394.23 Article 394 — Concealed Knob-and-Tube Wiring

not less than 25 mm (1 in.) between the conductor and the
surface over which it passes.

(B) Limited Conductor Space Where space is too limited
to provide these minimum clearances, such as at meters,
panelboards, outlets, and switch points, the individual con-
ductors shall be enclosed in flexible nonmetallic tubing,
which shall be continuous in length between the last support
and the enclosure or terminal point.

(C) Clearance from Piping, Exposed Conductors, and So
Forth Conductors shall comply with 398.19 for clearances
from other exposed conductors, piping, and so forth.

394.23 In Accessible Attics
Conductors in unfinished attics and roof spaces shall comply
with 394.23(A) or (B).

FPN: See 310.10 for temperature limitation of conduc-
tors.

(A) Accessible by Stairway or Permanent Ladder Con-

Running
board

6 ft

1 in.

1 in.
3 in.

ductors shall be installed along the side of or through bored
Exhibit 394.1 Open wiring in an accessible attic protected byholes in floor joists, studs, or rafters. Where run through
running boards, as required by 394.23(A).bored holes, conductors in the joists and in studs or rafters

to a height of not less than 2.1 m (7 ft) above the floor or
floor joists shall be protected by substantial running boards
extending not less than 25 mm (1 in.) on each side of the not contact any other objects. Supports shall be installed as
conductors. Running boards shall be securely fastened in follows:
place. Running boards and guard strips shall not be required

(1) Within 150 mm (6 in.) of each side of each tap or splice,
where conductors are installed along the sides of joists, studs,

and
or rafters.

(2) At intervals not exceeding 1.4 m (41⁄2 ft).

Exhibit 394.1 illustrates the ‘‘running board’’ method of Where it is impracticable to provide supports, conduc-
protecting open-type conductors where they are installed at tors shall be permitted to be fished through hollow spaces
a height less than 7 ft above the floor or floor joists in an in dry locations, provided each conductor is individually
accessible attic. This method is applied in attics that are enclosed in flexible nonmetallic tubing that is in continuous
accessible by stairways or permanent ladders and where lengths between supports, between boxes, or between a sup-
such spaces are generally used for storage. port and a box.

(B) Securing Where solid knobs are used, conductors shall
be securely tied thereto by tie wires having insulation equiva-(B) Not Accessible by Stairway or Permanent Ladder
lent to that of the conductor.Conductors shall be installed along the sides of or through

bored holes in floor joists, studs, or rafters.
394.42 Devices

Exception: In buildings completed before the wiring is in-
Switches shall comply with 404.4 and 404.10(B).

stalled, attic and roof spaces that are not accessible by
stairway or permanent ladder and have headroom at all 394.56 Splices and Taps
points less than 900 mm (3 ft), the wiring shall be permitted

Splices shall be soldered unless approved splicing devicesto be installed on the edges of rafters or joists facing the
are used. In-line or strain splices shall not be used.attic or roof space.

III. Construction Specifications394.30 Securing and Supporting
394.104 Conductors(A) Supporting Conductors shall be rigidly supported on

noncombustible, nonabsorbent insulating materials and shall Conductors shall be of a type specified by Article 310.
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396.12Article 396 — Messenger Supported Wiring

under the conditions described in the article or section refer-ARTICLE 396
enced for each.Messenger Supported Wiring
Table 396.10(A) Cable Types

Contents Cable Type Section Article
I. General

Metal-clad cable 330396.1 Scope
Mineral-insulated, metal-sheathed 332396.2 Definition cable

II. Installation Multiconductor service-entrance 338
396.10 Uses Permitted cable

Multiconductor underground feeder 340(A) Cable Types
and branch-circuit cable(B) In Industrial Establishments

Other factory-assembled,(C) Hazardous (Classified) Locations multiconductor control, signal, or
396.12 Uses Not Permitted power cables that are identified for
396.30 Messenger Support the use

Power and control tray cable 336396.56 Conductor Splices and Taps
Power-limited tray cable 725.61(C) and396.60 Grounding

725.82(E)

I. General
(B) In Industrial Establishments In industrial establish-

396.1 Scope ments only, where conditions of maintenance and supervi-
sion ensure that only qualified persons service the installedThis article covers the use, installation, and construction
messenger supported wiring, the following shall be permit-specifications for messenger supported wiring.
ted:

Messenger supported wiring systems have been manufac- (1) Any of the conductor types shown in Table 310.13 or
tured and successfully used in industrial installations for Table 310.62
many years. They have also been used for many years as (2) MV cable
service drops by utilities for commercial and residential
installations. See references to messenger supported wiring Where exposed to weather, conductors shall be listed
in 225.6(A)(1) and 225.6(B). for use in wet locations. Where exposed to direct rays of

the sun, conductors or cables shall be sunlight resistant.

396.2 Definition
Some of the triplex and quadruplex cable used by utilities

Messenger Supported Wiring. An exposed wiring support as service-drop cable does not use conductors recognized in
system using a messenger wire to support insulated conduc- Table 310.13 and does not meet the requirements of Article
tors by any one of the following: 310. Such triplex and quadruplex cable would, therefore, be

acceptable only where approved by the authority having(1) A messenger with rings and saddles for conductor sup-
jurisdiction.port

See 310.15(B) and Table 310.20 for two or three single-(2) A messenger with a field-installed lashing material for
insulated conductors supported on a messenger. Seeconductor support
310.15(C) and Annex B, Table B.310.3, for ampacities of(3) Factory-assembled aerial cable
conductors for other cable types.(4) Multiplex cables utilizing a bare conductor, factory as-

sembled and twisted with one or more insulated conduc-
tors, such as duplex, triplex, or quadruplex type of (C) Hazardous (Classified) Locations Messenger sup-
construction ported wiring shall be permitted to be used in hazardous

(classified) locations where the contained cables are permit-
II. Installation ted for such use in 501.10, 502.10, 503.10, and 504.20.

396.10 Uses Permitted
396.12 Uses Not Permitted

(A) Cable Types The cable types in Table 396.10(A) shall Messenger supported wiring shall not be used in hoistways
or where subject to physical damage.be permitted to be installed in messenger supported wiring
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396.30 Article 398 — Open Wiring on Insulators

396.30 Messenger Support 398.2 Definition
The messenger shall be supported at dead ends and at inter- Open Wiring on Insulators. An exposed wiring method

using cleats, knobs, tubes, and flexible tubing for the protec-mediate locations so as to eliminate tension on the conduc-
tors. The conductors shall not be permitted to come into tion and support of single insulated conductors run in or on

buildings.contact with the messenger supports or any structural mem-
bers, walls, or pipes.

Open wiring on insulators is an exposed wiring method that
396.56 Conductor Splices and Taps is not permitted to be concealed by the structure or finish
Conductor splices and taps made and insulated by approved of the building. It is permitted indoors or outdoors, in dry
methods shall be permitted in messenger supported wiring. or wet locations, and where subject to corrosive vapors,

provided the insulation choice from Table 310.13 is suitable
396.60 Grounding for use in a corrosive environment.

This method of wiring is no longer permitted for tempo-The messenger shall be grounded as required by 250.80 and
rary lighting and power circuits on construction sites but250.86 for enclosure grounding.
is permitted for lighting and power circuits in agricultural
buildings [see 547.5(A)]. It may also be used for services

ARTICLE 398 (see 230.43).

Open Wiring on Insulators
II. Installation

Contents 398.10 Uses Permitted
I. General Open wiring on insulators shall be permitted only for indus-

398.1 Scope trial or agricultural establishments on systems of 600 volts,
398.2 Definition nominal, or less, as follows:

II. Installation
(1) Indoors or outdoors398.10 Uses Permitted
(2) In wet or dry locations398.12 Uses Not Permitted
(3) Where subject to corrosive vapors398.15 Exposed Work
(4) For services(A) Dry Locations

(B) Entering Spaces Subject to Dampness,
See Tables 310.17 and 310.19 for ampacities of conductors.Wetness, or Corrosive Vapors

(C) Exposed to Physical Damage
398.17 Through or Parallel to Framing Members 398.12 Uses Not Permitted
398.19 Clearances

Open wiring on insulators shall not be installed where con-398.23 In Accessible Attics
cealed by the building structure.(A) Accessible by Stairway or Permanent Ladder

(B) Not Accessible by Stairway or Permanent 398.15 Exposed Work
Ladder

(A) Dry Locations In dry locations, where not exposed398.30 Securing and Supporting
to physical damage, conductors shall be permitted to be(A) Conductor Sizes Smaller Than 8 AWG
separately enclosed in flexible nonmetallic tubing. The tub-(B) Conductor Sizes 8 AWG and Larger
ing shall be in continuous lengths not exceeding 4.5 m (15(C) Industrial Establishments
ft) and secured to the surface by straps at intervals not(D) Mounting of Conductor Supports
exceeding 1.4 m (41⁄2 ft).(E) Tie Wires

398.42 Devices (B) Entering Spaces Subject to Dampness, Wetness, or
III. Construction Specifications Corrosive Vapors Conductors entering or leaving locations

398.104 Conductors subject to dampness, wetness, or corrosive vapors shall have
drip loops formed on them and shall then pass upward and
inward from the outside of the buildings, or from the damp,I. General
wet, or corrosive location, through noncombustible, nonab-

398.1 Scope sorbent insulating tubes.

This article covers the use, installation, and construction FPN: See 230.52 for individual conductors entering
buildings or other structures.specifications of open wiring on insulators.
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398.30Article 398 — Open Wiring on Insulators

398.23 In Accessible Attics(C) Exposed to Physical Damage Conductors within 2.1
m (7 ft) from the floor shall be considered exposed to physi- Conductors in unfinished attics and roof spaces shall comply
cal damage. Where open conductors cross ceiling joists and with 398.23(A) or (B).
wall studs and are exposed to physical damage, they shall

(A) Accessible by Stairway or Permanent Ladder Con-be protected by one of the following methods:
ductors shall be installed along the side of or through bored

(1) Guard strips not less than 25 mm (1 in.) nominal in holes in floor joists, studs, or rafters. Where run through
thickness and at least as high as the insulating supports, bored holes, conductors in the joists and in studs or rafters
placed on each side of and close to the wiring. to a height of not less than 2.1 m (7 ft) above the floor or

(2) A substantial running board at least 13 mm (1⁄2 in.) thick floor joists shall be protected by substantial running boards
in back of the conductors with side protections. Running extending not less than 25 mm (1 in.) on each side of the
boards shall extend at least 25 mm (1 in.) outside the conductors. Running boards shall be securely fastened in
conductors, but not more than 50 mm (2 in.), and the place. Running boards and guard strips shall not be required
protecting sides shall be at least 50 mm (2 in.) high and for conductors installed along the sides of joists, studs, or
at least 25 mm (1 in.) nominal in thickness. rafters.

(3) Boxing made in accordance with 398.15(C)(1) or (C)(2)
(B) Not Accessible by Stairway or Permanent Ladderand furnished with a cover kept at least 25 mm (1
Conductors shall be installed along the sides of or throughin.) away from the conductors within. Where protecting
bored holes in floor joists, studs, or rafters.vertical conductors on side walls, the boxing shall be

closed at the top and the holes through which the con- Exception: In buildings completed before the wiring is in-
ductors pass shall be bushed. stalled, in attic and roof spaces that are not accessible by

(4) Rigid metal conduit, intermediate metal conduit, rigid stairway or permanent ladder and have headroom at all
nonmetallic conduit, or electrical metallic tubing. When points less than 900 mm (3 ft), the wiring shall be permitted
installed in metal piping, the conductors shall be encased to be installed on the edges of rafters or joists facing the
in continuous lengths of approved flexible tubing. attic or roof space.

398.17 Through or Parallel to 398.30 Securing and Supporting
Framing Members (A) Conductor Sizes Smaller Than 8 AWG Conductors
Open conductors shall be separated from contact with walls, smaller than 8 AWG shall be rigidly supported on noncom-
floors, wood cross members, or partitions through which bustible, nonabsorbent insulating materials and shall not
they pass by tubes or bushings of noncombustible, nonabsor- contact any other objects. Supports shall be installed as
bent insulating material. Where the bushing is shorter than follows:
the hole, a waterproof sleeve of noninductive material shall (1) Within 150 mm (6 in.) from a tap or splice
be inserted in the hole and an insulating bushing slipped (2) Within 300 mm (12 in.) of a dead-end connection to a
into the sleeve at each end in such a manner as to keep the lampholder or receptacle
conductors absolutely out of contact with the sleeve. Each (3) At intervals not exceeding 1.4 m (41⁄2 ft) and at closer
conductor shall be carried through a separate tube or sleeve. intervals sufficient to provide adequate support where

FPN: See 310.10 for temperature limitation of conduc- likely to be disturbed
tors.

(B) Conductor Sizes 8 AWG and Larger Supports for
398.19 Clearances conductors 8 AWG or larger installed across open spaces

shall be permitted up to 4.5 m (15 ft) apart if noncombustible,Open conductors shall be separated at least 50 mm (2 in.)
from metal raceways, piping, or other conducting material, nonabsorbent insulating spacers are used at least every

1.4 m (41⁄2 ft) to maintain at least 65 mm (21⁄2 in.) betweenand from any exposed lighting, power, or signaling conduc-
tor, or shall be separated therefrom by a continuous and conductors.

Where not likely to be disturbed in buildings of millfirmly fixed nonconductor in addition to the insulation of
the conductor. Where any insulating tube is used, it shall be construction, 8 AWG and larger conductors shall be permit-

ted to be run across open spaces if supported from eachsecured at the ends. Where practicable, conductors shall pass
over rather than under any piping subject to leakage or wood cross member on approved insulators maintaining 150

mm (6 in.) between conductors.accumulations of moisture.

The provision for additional protective insulation on open Mill construction is generally considered to be a building
where the floors and ceilings are supported by wood timberswiring is to prevent contact with metal piping, metal objects,

or exposed conductors of other circuits. or beams or wood cross members spaced approximately 15
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398.42 Article 398 — Open Wiring on Insulators

(D) Mounting of Conductor Supports Where nails areft apart. This type of construction is sometimes referred to
as plank-on-timber construction. Section 398.30(B) permits used to mount knobs, they shall not be smaller than tenpenny.

Where screws are used to mount knobs, or where nails or8 AWG and larger conductors to span this distance where
the ceilings are high and free of obstructions and the conduc- screws are used to mount cleats, they shall be of a length

sufficient to penetrate the wood to a depth equal to at leasttors are unlikely to come into contact with other objects.
one-half the height of the knob and the full thickness of the
cleat. Cushion washers shall be used with nails.

(C) Industrial Establishments In industrial establish-
(E) Tie Wires 8 AWG or larger conductors supported onments only, where conditions of maintenance and supervi-
solid knobs shall be securely tied thereto by tie wires havingsion ensure that only qualified persons service the system,
an insulation equivalent to that of the conductor.conductors of sizes 250 kcmil and larger shall be permitted

to be run across open spaces where supported at intervals
398.42 Devicesup to 9.0 m (30 ft) apart.

Surface-type snap switches shall be mounted in accordance
with 404.10(A), and boxes shall not be required. Other typeIt is common practice in industrial buildings to install open
switches shall be installed in accordance with 404.4.feeders on insulators, which are mounted on the bottom of

roof trusses at every bay location. Many bays are more than
III. Construction Specifications15 ft wide. Therefore, 398.30(C) permits size 250 kcmil and

larger conductors to be supported at 30-ft intervals where it 398.104 Conductors
is ensured that qualified persons will service the system.

Conductors shall be of a type specified by Article 310.In addition to the ease and economy of installation or
alteration of open wiring, it is to be noted that, by close
spacing of conductors, the reactance of a circuit is reduced;
hence, the voltage drop is reduced.
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4
Equipment for
General Use

446Article 400 Flexible Cords and Cables 538Article 427 Fixed Electric Heating Equipment
for Pipelines and Vessels459Article 402 Fixture Wires

463Article 404 Switches 543Article 430 Motors, Motor Circuits, and
Controllers469Article 406 Receptacles, Cord Connectors, and

Attachment Plugs (Caps) 595Article 440 Air-Conditioning and
Refrigerating Equipment478Article 408 Switchboards and Panelboards

488Article 409 Industrial Control Panels 605Article 445 Generators
608Article 450 Transformers and Transformer491Article 410 Luminaires (Lighting Fixtures),

Lampholders, and Lamps Vaults (Including Secondary Ties)
626Article 455 Phase Converters512Article 411 Lighting Systems Operating at 30

Volts or Less 628Article 460 Capacitors
631Article 470 Resistors and Reactors513Article 422 Appliances

522Article 424 Fixed Electric Space-Heating 632Article 480 Storage Batteries
635Article 490 Equipment, Over 600 Volts,Equipment

534Article 426 Fixed Outdoor Electric Deicing Nominal
and Snow-Melting Equipment
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400.1 Article 400 — Flexible Cords and Cables

ARTICLE 400 III. Portable Cables Over 600 Volts, Nominal
400.30 ScopeFlexible Cords and Cables
400.31 Construction

(A) Conductors
Summary of Changes (B) Shields
• 400.5: Revised to require that where cords are used in (C) Equipment Grounding Conductor(s)

ambient temperatures exceeding 30�C (86�F), ampacity 400.32 Shielding
correction factors are to be applied. 400.33 Grounding

400.34 Minimum Bending Radii• 400.8: Added new item (7) prohibiting use where subject
400.35 Fittingsto physical damage.
400.36 Splices and Terminations• 400.14: Revised to permit cords and cables to be installed

in aboveground raceways in industrial establishments,
with restrictions.

I. General
400.1 Scope
This article covers general requirements, applications, andContents
construction specifications for flexible cords and flexibleI. General
cables.400.1 Scope

400.2 Other Articles
Flexible cords and cables, because of the nature of their use,400.3 Suitability
are not considered to be wiring methods. Wiring methods are400.4 Types

400.5 Ampacities for Flexible Cords and Cables covered in Chapter 3 of the Code. Careful study of 400.7, Uses
(A) Ampacity Tables Permitted, and 400.8, Uses Not Permitted, is required before
(B) Ultimate Insulation Temperature choosing flexible cords or cables for a specific application.

400.6 Markings
(A) Standard Markings
(B) Optional Markings 400.2 Other Articles

400.7 Uses Permitted
Flexible cords and flexible cables shall comply with this

(A) Uses
article and with the applicable provisions of other articles

(B) Attachment Plugs
of this Code.400.8 Uses Not Permitted

400.9 Splices
400.3 Suitability400.10 Pull at Joints and Terminals

400.11 In Show Windows and Show Cases Flexible cords and cables and their associated fittings shall
400.12 Minimum Size be suitable for the conditions of use and location.
400.13 Overcurrent Protection
400.14 Protection from Damage

400.4 TypesII. Construction Specifications
Flexible cords and flexible cables shall conform to the de-400.20 Labels
scription in Table 400.4. Types of flexible cords and flexible400.21 Nominal Insulation Thickness
cables other than those listed in the table shall be the subject400.22 Grounded-Conductor Identification
of special investigation.(A) Colored Braid

(B) Tracer in Braid
(C) Colored Insulation 400.5 Ampacities for Flexible Cords and Cables
(D) Colored Separator

(A) Ampacity Tables Table 400.5(A) provides the allow-(E) Tinned Conductors
able ampacities, and Table 400.5(B) provides the ampacities(F) Surface Marking
for flexible cords and cables with not more than three400.23 Equipment Grounding Conductor Identification
current-carrying conductors. These tables shall be used in(A) Colored Braid
conjunction with applicable end-use product standards to(B) Colored Insulation or Covering
ensure selection of the proper size and type. Where cords400.24 Attachment Plugs
are used in ambient temperatures exceeding 30�C (86�F),
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400.5Article 400 — Flexible Cords and Cables

Table 400.4 Flexible Cords and Cables (See 400.4.)

Nominal
Insulation
Thickness1

Braid
Type AWG Number of AWG or on Each Outer

Trade Name Letter Voltage or kcmil Conductors Insulation kcmil mm mils Conductor Covering Use

Lamp cord C 300 18–16 2 or Thermoset or 18–16 0.76 30 Cotton None Pendant or Dry Not hard
600 14–10 more thermo- 14–10 1.14 45 portable locations usage

plastic

Elevator cable E 300 or 20–2 2 or more Thermoset 20–16 0.51 20 Cotton Three cotton, Elevator Unclassified
See Note 5. 600 14–12 0.76 30 Outer one lighting and locations
See Note 9. 12–10 1.14 45 flame- control
See Note 10. 8–2 1.52 60 retardant &

moisture-
resistant.
See Note 3.

20–16 0.51 20 Flexible
14–12 0.76 30 nylon
12–10 1.14 45 jacket
8–2 1.52 60

Elevator cable EO 300 or 20–2 2 or more Thermoset 20–16 0.51 20 Cotton Outer one Elevator Unclassified
See Note 5. 600 14–12 0.76 30 Three cotton, lighting and locations
See Note 10. 12–10 1.14 45 flame- control

8–2 1.52 60 retardant &
moisture-
resistant.
See Note 3.

One cotton and Hazardous
a neoprene (classified)
jacket. See locations
Note 3.

Elevator cable ETP 300 or Rayon Thermoplastic Hazardous (classified) locations
See Note 5. 600
See Note 10.

ETT 300 or None One cotton or
See Note 5. 600 equivalent and
See Note 10. a thermoplastic

jacket

Electric EV 600 18–500 2 or more plus Thermoset 18–16 0.76 (0.51) 30 (20) Optional Thermoset Electric Wet Extra
vehicle See Note grounding with optional 14–10 1.14 (0.76) 45 (30) vehicle locations hard
cable 11. conductor(s), nylon 8–2 1.52 (1.14) 60 (45) charging usage

plus optional See Note 12. 1–4/0 2.03 (1.52) 80 (60)
hybrid data, 250–500 2.41 (1.90) 95 (75)
signal See Note 12.
communications,
and optical fiber
cables

EVJ 300 18–12 18–12 0.76 (0.51) 30 (20) Hard
See Note See Note 12. usage
11.

EVE 600 18–500 2 or more plus Thermo- 18–16 0.76 (0.51) 30 (20) Thermoplastic Extra
See Note grounding plastic 14–10 1.14 (0.76) 45 (30) elastomer hard
11. conductor(s), elastomer 8–2 1.52 (1.14) 60 (45) usage

plus optional with optional 1–4/0 2.03 (1.52) 80 (60)
hybrid data, nylon 250–500 2.41 (1.90) 95 (75)
signal See Note 12. See Note 12.
communications,
and optical fiber
cables

EVJE 300 18–12 18–12 0.76 (0.51) 30 (20) Hard
See Note See Note 12. usage
11.

(continues)
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400.5 Article 400 — Flexible Cords and Cables

Table 400.4 Continued

Nominal
Insulation
Thickness1

Braid
Type AWG Number of AWG or on Each Outer

Trade Name Letter Voltage or kcmil Conductors Insulation kcmil mm mils Conductor Covering Use

EVT 600 18–500 2 or more plus Thermo- 18–16 0.76 (0.51) 30 (20) Optional Thermoplastic Electric Wet Extra
See Note grounding plastic with 14–10 1.14 (0.76) 45 (30) vehicle Locations hard
11. conductor(s), optional 8–2 1.52 (1.14) 60 (45) charging usage

plus optional nylon 1–4/0 2.03 (1.52) 80 (60)
hybrid data, See Note 12. 250–500 2.41 (1.90) 95 (75)
signal See Note 12.
communications,
and optical fiber
cables

EVJT 300 18–12 18–12 0.76 (0.51) 30 (20) Hard
See Note See Note 12. usage
11.

Portable G 2000 12–500 2–6 plus Thermoset 12–2 1.52 60 Oil-resistant Portable and extra hard usage
power grounding 1–4/0 2.03 80 thermoset
cable conductor(s) 250–500 2.41 95

G-GC 2000 12–500 3–6 plus Thermoset 12–2 1.52 60 Oil-resistant
grounding 1–4/0 2.03 80 thermoset
conductors and 1 250–500 2.41 95
ground check
conductor

Heater cord HPD 300 18–12 2, 3, or 4 Thermoset 18–16 0.38 15 None Cotton or Portable Dry Not hard
14–12 0.76 30 rayon heaters locations usage

Parallel heater HPN 300 18–12 2 or 3 Oil-resistant 18–16 1.14 45 None Oil-resistant Portable Damp Not hard
cord See Note 6. thermoset 14–12 1.52 60 thermoset locations usage

2.41 95

Thermoset HSJ 300 18–12 2, 3, or 4 Thermoset 18–16 0.76 30 None Cotton and Portable or Damp Hard
jacketed Thermoset portable locations usage
heater heater
cords

HSJO 300 18–12 Oil-resistant 14–12 1.14 45 Cotton and oil-
thermoset resistant

thermoset

HSJOO 300 18–12

Non-integral NISP-1 300 20–18 2 or 3 Thermoset 20–18 0.38 15 None Thermoset Pendant or Damp Not hard
parallel See Note 6. portable locations usage
cords

NISP-2 300 18–16 18–16 0.76 30
See Note 6.

NISPE-1 300 20–18 Thermo- 20–18 0.38 15 Thermoplastic
See Note 6. plastic elastomer

elastomer
NISPE-2 300 18–16 18–16 0.76 30
See Note 6.

NISPT-1 300 20–18 Thermo- 20–18 0.38 15 Thermoplastic
See Note 6. plastic

NISPT-2 300 18–16 18–16 0.76 30
See Note 6.

Twisted PD 300 18–16 2 or more Thermoset or 18–16 0.76 30 Cotton Cotton or Pendant or Dry Not hard
portable 600 14–10 thermo- 14–10 1.14 45 rayon portable locations usage
cord plastic

Portable PPE 2000 12–500 1–6 plus optional Thermo- 12–2 1.52 60 Oil-resistant Portable, extra hard usage
power grounding plastic 1–4/0 2.03 80 thermoplastic
cable conductor(s) elastomer 250–500 2.41 95 elastomer

Hard service S 600 18–12 2 or more Thermoset 18–16 0.76 30 None Thermoset Pendant or Damp Extra
cord See Note 4. 14–10 1.14 45 portable locations hard

8–2 1.52 60 usage
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400.5Article 400 — Flexible Cords and Cables

Table 400.4 Continued

Nominal
Insulation
Thickness1

Braid
Type AWG Number of AWG or on Each Outer

Trade Name Letter Voltage or kcmil Conductors Insulation kcmil mm mils Conductor Covering Use

Flexible stage SC 600 8–250 1 or more 8–2 1.52 60 Thermoset2 Portable, extra hard usage
and 1–4/0 2.03 80
lighting 250 2.41 95
power
cable

SCE 600 Thermo- Thermoplastic
plastic elastomer2

elastomer

SCT 600 Thermo- Thermoplastic2

plastic

Hard service SE 600 18–2 2 or more Thermo- 18–16 0.76 30 None Thermoplastic Pendant or Damp Extra
cord See Note 4. plastic 14–10 1.14 45 elastomer portable locations hard

elastomer 8–2 1.52 60 usage

SEW 600 Damp
See Note 4. and wet
See Note 13. locations

SEO 600 Oil-resistant Damp
See Note 4. thermoplastic locations

elastomer

SEOW 600 Damp
See Note 4. and wet
See Note 13. locations

SEOO 600 Oil-resistant Damp
See Note 4. thermo- locations

plastic
elastomer

SEOOW 600 Damp
See Note 4. and wet
See Note 13. locations

Junior hard SJ 300 18–10 2–6 Thermoset 18–12 0.76 30 None Thermoset Pendant or Damp Hard
service portable locations usage
cord

SJE 300 Thermo- Thermoplastic
plastic elastomer
elastomer

SJEW 300 Damp
See Note 13. and wet

locations

SJEO 300 Oil-resistant Damp
thermoplastic locations
elastomer

SJEOW 300 Damp
See Note 13. and wet

locations

SJEOO 300 Oil-resistant Damp
thermo- locations
plastic
elastomer

SJEOOW 300 Damp
See Note 13. and wet

locations

SJO 300 Thermoset Oil-resistant Damp
thermoset locations

SJOW 300 Damp
See Note 13. and wet

locations

SJOO 300 Oil-resistant Damp
thermoset locations

(continues)
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400.5 Article 400 — Flexible Cords and Cables

Table 400.4 Continued

Nominal
Insulation
Thickness1

Braid
Type AWG Number of AWG or on Each Outer

Trade Name Letter Voltage or kcmil Conductors Insulation kcmil mm mils Conductor Covering Use

SJOOW 300 Damp
See Note 13. and wet

locations

SJT 300 Thermo- 10 1.14 45 Thermoplastic Damp
plastic locations

SJTW 300 Damp
See Note 13. and wet

locations

SJTO 300 18–12 0.76 30 Oil-resistant Damp
thermoplastic locations

SJTOW 300 Damp
See Note 13. and wet

locations

SJTOO 300 Oil-resistant Damp
thermo- locations
plastic

SJTOOW 300 Damp
See Note 13. and wet

locations

Hard service SO 600 18–2 2 or more Thermoset 18–16 0.76 30 None Oil-resistant Pendant or Damp Extra
cord See Note 4. thermoset portable locations hard

usage

SOW 600 Damp
See Note 4. and wet
See Note 13. locations

SOO 600 Oil-resistant 14–10 1.14 45 Damp
See Note 4. thermoset 8–2 1.52 60 locations

SOOW 600 Damp
See Note 4. and wet
See Note 13. locations

All thermoset SP-1 300 20–18 2 or 3 Thermoset 20–18 0.76 30 None None Pendant or Damp Not hard
parallel See Note 6. portable locations usage
cord

SP-2 300 18–16 18–16 1.14 45
See Note 6.

SP-3 300 18–10 18–16 1.52 60 Refrigerators,
See Note 6. 14 2.03 80 room air

12 2.41 95 conditioners,
10 2.80 110 and as

permitted in
422.16(B)

All elastomer SPE-1 300 20–18 2 or 3 Thermo- 20–18 0.76 30 None None Pendant or Damp Not hard
(thermo- See Note 6. plastic portable locations usage
plastic) elastomer
parallel
cord

SPE-2 300 18–16 18–16 1.14 45
See Note 6.

SPE-3 300 18–10 18–16 1.52 60 Refrigerators,
See Note 6. 14 2.03 80 room air

12 2.41 95 conditioners,
10 2.80 110 and as

permitted in
422.16(B)

All plastic SPT-1 300 20–18 2 or 3 Thermo- 20–18 0.76 30 None None Pendant or Damp Not hard
parallel See Note 6. plastic portable locations usage
cord
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400.5Article 400 — Flexible Cords and Cables

Table 400.4 Continued

Nominal
Insulation
Thickness1

Braid
Type AWG Number of AWG or on Each Outer

Trade Name Letter Voltage or kcmil Conductors Insulation kcmil mm mils Conductor Covering Use

SPT-1W 300 Damp
See Note 6. and wet
See Note 13. locations

SPT-2 300 18–16 18–16 1.14 45 Damp
See Note 6. locations

SPT-2W 300 Damp
See Note 6. and wet
See Note 13. locations

SPT-3 300 18–10 18–16 1.52 60 Refrigerators, Damp Not hard
See Note 6. 14 2.03 80 room air locations usage

12 2.41 95 conditioners,
10 2.80 110 and as

permitted in
422.16(B)

Range, dryer SRD 300 10–4 3 or 4 Thermoset 10–4 1.14 45 None Thermoset Portable Damp Ranges,
cable locations dryers

SRDE 300 10–4 3 or 4 Thermo- None Thermoplastic
plastic elastomer
elastomer

SRDT 300 10–4 3 or 4 Thermo- None Thermoplastic
plastic

Hard service ST 600 18–2 2 or more Thermo- 18–16 0.76 30 None Thermoplastic Pendant or Damp Extra
cord See Note 4. plastic 14–10 1.14 45 portable locations hard

8–2 1.52 60 usage

STW 600 Damp
See Note 4. and wet
See Note 13. locations

STO 600 Oil-resistant Damp
See Note 4. thermoplastic locations

STOW 600 Damp
See Note 4. and wet
See Note 13. locations

STOO 600 Oil-resistant Damp
See Note 4. thermo- locations

plastic

STOOW 600 Damp
See Note 4. and wet

locations

Vacuum SV 300 18–16 2 or 3 Thermoset 18–16 0.38 15 None Thermoset Pendant or Damp Not hard
cleaner See Note 6. portable locations usage
cord

SVE 300 Thermo- Thermoplastic
See Note 6. plastic elastomer

elastomer

SVEO 300 Oil-resistant
See Note 6. thermoplastic

elastomer

SVEOO 300 Oil-resistant
See Note 6. thermo-

plastic
elastomer

SVO 300 Thermoset Oil-resistant
thermoset

SVOO 300 Oil-resistant Oil-resistant
thermoset thermoset

(continues)
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400.5 Article 400 — Flexible Cords and Cables

Table 400.4 Continued

Nominal
Insulation
Thickness1

Braid
Type AWG Number of AWG or on Each Outer

Trade Name Letter Voltage or kcmil Conductors Insulation kcmil mm mils Conductor Covering Use

SVT 300 Thermo- Thermoplastic
See Note 6. plastic

SVTO 300 Thermo- Oil-resistant
See Note 6. plastic thermoplastic
SVTOO 300 Oil-resistant

thermo-
plastic

Parallel tinsel TPT 300 27 2 Thermo- 27 0.76 30 None Thermoplastic Attached to Damp Not hard
cord See Note 2. plastic an appliance locations usage

Jacketed TST 300 27 2 Thermo- 27 0.38 15 None Thermoplastic Attached to Damp Not hard
tinsel cord See Note 2. plastic an appliance locations usage

Portable W 2000 12–500 1–6 Thermoset 12–2 1.52 60 Oil-resistant Portable, extra hard usage
power- 501–1000 1 1–4/0 2.03 80 thermoset
cable 250–500 2.41 95

501–1000 2.80 110

*See Note 8.
**The required outer covering on some single conductor cables may be integral with the insulation.
Notes:
1. All types listed in Table 400.4 shall have individual conductors twisted together except for Types HPN, SP-1, SP-2, SP-3, SPE-1,
SPE-2, SPE-3, SPT-1, SPT-2, SPT-3, TPT, NISP-1, NISP-2, NISPT-1, NISPT-2, NISPE-1, NISPE-2, and three-conductor parallel versions
of SRD, SRDE, and SRDT.
2. Types TPT and TST shall be permitted in lengths not exceeding 2.5 m (8 ft) where attached directly, or by means of a special type
of plug, to a portable appliance rated at 50 watts or less and of such nature that extreme flexibility of the cord is essential.
3. Rubber-filled or varnished cambric tapes shall be permitted as a substitute for the inner braids.
4. Types G, G-GC, S, SC, SCE, SCT, SE, SEO, SEOO, SO, SOO, ST, STO, STOO, PPE, and W shall be permitted for use on theater
stages, in garages, and elsewhere where flexible cords are permitted by this Code.
5. Elevator traveling cables for operating control and signal circuits shall contain nonmetallic fillers as necessary to maintain concentricity.
Cables shall have steel supporting members as required for suspension by 620.41. In locations subject to excessive moisture or corrosive
vapors or gases, supporting members of other materials shall be permitted. Where steel supporting members are used, they shall run
straight through the center of the cable assembly and shall not be cabled with the copper strands of any conductor.

In addition to conductors used for control and signaling circuits, Types E, EO, ETP, and ETT elevator cables shall be permitted to
incorporate in the construction one or more 20 AWG telephone conductor pairs, one or more coaxial cables, or one or more optical
fibers. The 20 AWG conductor pairs shall be permitted to be covered with suitable shielding for telephone, audio, or higher frequency
communications circuits; the coaxial cables consist of a center conductor, insulation, and shield for use in video or other radio frequency
communications circuits. The optical fiber shall be suitably covered with flame-retardant thermoplastic. The insulation of the conductors
shall be rubber or thermoplastic of thickness not less than specified for the other conductors of the particular type of cable. Metallic
shields shall have their own protective covering. Where used, these components shall be permitted to be incorporated in any layer of
the cable assembly but shall not run straight through the center.
6. The third conductor in these cables shall be used for equipment grounding purpose only. The insulation of the grounding conductor
for Types SPE-1, SPE-2, SPE-3, SPT-1, SPT-2, SPT-3, NISPT-1, NISPT-2, NISPE-1, and NISPE-2 shall be permitted to be thermoset
polymer.
7. The individual conductors of all cords, except those of heat-resistant cords, shall have a thermoset or thermoplastic insulation, except
that the equipment grounding conductor where used shall be in accordance with 400.23(B).
8. Where the voltage between any two conductors exceeds 300, but does not exceed 600, flexible cord of 10 AWG and smaller shall
have thermoset or thermoplastic insulation on the individual conductors at least 1.14 mm (45 mils) in thickness, unless Type S, SE,
SEO, SEOO, SO, SOO, ST, STO, or STOO cord is used.
9. Insulations and outer coverings that meet the requirements as flame retardant, limited smoke, and are so listed, shall be permitted to
be marked for limited smoke after the code type designation.
10. Elevator cables in sizes 20 AWG through 14 AWG are rated 300 volts, and sizes 10 through 2 are rated 600 volts. 12 AWG is rated
300 volts with a 0.76-mm (30-mil) insulation thickness and 600 volts with a 1.14-mm (45-mil) insulation thickness.
11. Conductor size for Types EV, EVJ, EVE, EVJE, EVT, and EVJT cables apply to nonpower-limited circuits only. Conductors of
power-limited (data, signal, or communications) circuits may extend beyond the stated AWG size range. All conductors shall be insulated
for the same cable voltage rating.
12. Insulation thickness for Types EV, EVJ, EVEJE, EVT, and EVJT cables of nylon construction is indicated in parentheses.
13. Cords that comply with the requirements for outdoor cords and are so listed shall be permitted to be designated as weather and
water resistant with the suffix ‘‘W’’ after the code type designation. Cords with the ‘‘W’’ suffix are suitable for use in wet locations.

Type G-GC cable was added to Table 400.4 in the 1999 circuit that monitors the grounding conductor continuity.
Code. This cable is similar to Type G cable, except that it Notes 11 and 12 to Table 400.4 coordinate these cable types
incorporates an insulated ground-check (GC) conductor. The with Article 625, Electric Vehicle Charging System.
ground-check conductor is used as part of a low-voltage
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400.5Article 400 — Flexible Cords and Cables

Table 400.5(A) Allowable Ampacity for Flexible Cords and Cables [Based on Ambient
Temperature of 30�C (86�F). See 400.13 and Table 400.4.]

Thermoset Types C, E, EO, PD, S, SJ,
SJO, SJOW, SJOO, SJOOW, SO, SOW,
SOO, SOOW, SP-1, SP-2, SP-3, SRD, SV,

SVO, SVOO

Thermoplastic Types ET, ETLB, ETP,
ETT, SE, SEW, SEO, SEOW, SEOOW,
SJE, SJEW, SJEO, SJEOW, SJEOOW,

SJT, SJTW, SJTO, SJTOW, SJTOO,
SJTOOW, SPE-1, SPE-2, SPE-3, SPT-1,

SPT-1W, SPT-2, SPT-2W, SPT-3, ST,
SRDE, SRDT, STO, STOW, STOO, Types HPD,

Thermoplastic STOOW, SVE, SVEO, SVT, SVTO, HPN, HSJ,
Size (AWG) Types TPT, TST SVTOO HSJO, HSJOO

A� B�

27* 0.5 — — —
20 — 5** *** —
18 — 7 10 10
17 — — 12 13
16 — 10 13 15
15 — — — 17
14 — 15 18 20
12 — 20 25 30
10 — 25 30 35
8 — 35 40 —
6 — 45 55 —
4 — 60 70 —
2 — 80 95 —

*Tinsel cord.
**Elevator cables only.
***7 amperes for elevator cables only; 2 amperes for other types.
�The allowable currents under Column A apply to 3-conductor cords and other multiconductor cords
connected to utilization equipment so that only 3 conductors are current-carrying. The allowable currents
under Column B apply to 2-conductor cords and other multiconductor cords connected to utilization
equipment so that only 2 conductors are current carrying.

cific correction factor to be applied is predicated on thethe temperature correction factors from Table 310.16 that
correspond to the temperature rating of the cord shall be temperature rating of the power cable.
applied to the ampacity from Table 400.5(B). Where the

Examplenumber of current-carrying conductors exceeds three, the
allowable ampacity or the ampacity of each conductor shall Section 555.13 permits the use of portable power cable in
be reduced from the 3-conductor rating as shown in Table applications where flexibility is necessary on floating piers,
400.5. and in this application a 200-ampere feeder using Type W

portable power cable is to be installed to distribution equip-
ment on a floating pier. The specifications for the project
indicate that the design ambient temperature is 95�F. TheWhere power cables are used in an ambient temperature

exceeding 30�C (86�F), a new requirement in the 2005 Code feeder is rated 208Y/120 volts, three-phase, four-wire and,
due to the load characteristics, the grounded (neutral) con-specifies that ‘‘correction factors’’ are to be applied to the

Table 400.5(B) cable ampacities. This new provision paral- ductor is to be counted as a current-carrying conductor per
400.5(B). The type W portable power cable has copper con-lels the Article 310 requirements for ampacity correction of

single conductors used in elevated ambient temperatures. In ductors and a 90�C temperature rating. With this information,
the minimum ampacity for the feeder is determined asfact, the ambient correction factors that are to be used for

power cables are those specified in Table 310.16. The spe- follows.
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400.5 Article 400 — Flexible Cords and Cables

Table 400.5(B) Ampacity of Cable Types SC, SCE, SCT, PPE, G, G-GC, and W. [Based on Ambient Temperature
of 30�C (86�F). See Table 400.4.]

Temperature Rating of Cable

60�C (140�F) 75�C (167�F) 90�C (194�F)Size (AWG
or kcmil) D1 E2 F3 D1 E2 F3 D1 E2 F3

12 — 31 26 — 37 31 — 42 35
10 — 44 37 — 52 43 — 59 49
8 60 55 48 70 65 57 80 74 65
6 80 72 63 95 88 77 105 99 87
4 105 96 84 125 115 101 140 130 114
3 120 113 99 145 135 118 165 152 133
2 140 128 112 170 152 133 190 174 152
1 165 150 131 195 178 156 220 202 177

1/0 195 173 151 230 207 181 260 234 205
2/0 225 199 174 265 238 208 300 271 237
3/0 260 230 201 310 275 241 350 313 274
4/0 300 265 232 360 317 277 405 361 316

250 340 296 259 405 354 310 455 402 352
300 375 330 289 445 395 346 505 449 393
350 420 363 318 505 435 381 570 495 433
400 455 392 343 545 469 410 615 535 468
500 515 448 392 620 537 470 700 613 536
600 575 — — 690 — — 780 — —
700 630 — — 755 — — 855 — —
750 655 — — 785 — — 885 — —
800 680 — — 815 — — 920 — —
900 730 — — 870 — — 985 — —

1000 780 — — 935 — — 1055 — —

1The ampacities under subheading D shall be permitted for single-conductor Types SC, SCE, SCT, PPE, and W cable only
where the individual conductors are not installed in raceways and are not in physical contact with each other except in
lengths not to exceed 600 mm (24 in.) where passing through the wall of an enclosure.
2The ampacities under subheading E apply to two-conductor cables and other multiconductor cables connected
to utilization equipment so that only two conductors are current carrying.
3The ampacities under subheading F apply to three-conductor cables and other multiconductor cables connected
to utilization equipment so that only three conductors are current carrying.

Table 400.5 Adjustment Factors for More Than Three
Temperature correction factor for 95�F ambient � 0.96Current-Carrying Conductors in a Flexible Cord or Cable
from Table 310.16, 90�C column for copper conductors.

Number of Percent of Value in Tables
200/0.8/0.96 � 260.4 amperes or 260 amperesConductors 400.5(A) and 400.5(B)

STEP 2. Select cable. From Table 400.5(B), a 3/0 AWG4 – 6 80
copper Type W portable power cable has an ampacity of 2747 – 9 70

10 – 20 50 amperes from the ‘‘3 current-carrying conductor’’ column. In
21 – 30 45 accordance with 110.14, the 90�C cable ampacity can be used
31 – 40 40

where it is required to ‘‘derate’’ the cable ampacity. For this41 and above 35
particular installation, both an ambient temperature correc-
tion factor and an ampacity adjustment factor for more than

STEP 1. Determine minimum ampacity for conductors based
3 current-carrying conductors in the cable have to be applied.

on application of derating factors.
STEP 3. Termination analysis. Compliance with the termina-

Calculated minimum feeder ampacity [includes tion temperature requirement of 110.14(C)(1)(b) is met with
215.2(A)(1) and 215.3 increase in size for continuous this 3/0 AWG cable, since its 75�C ampacity is 275 amperes.
load] � 200 amperes It should be noted that compliance with 110.14(C) is based

on Table 310.16 conductor ampacities, and the ampacityAmpacity adjustment factor for 4 current-carrying con-
from that table for a 75�C, 3/0 AWG copper conductor isductors � 80% of ‘‘3 current-carrying conductor’’ col-
200 amperes. Therefore, this cable with 3/0 conductorsumn in Table 400.5.
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400.7Article 400 — Flexible Cords and Cables

operating at 200 amperes (noncontinuous plus continuous PPE, and W flexible cables shall be durably marked on the
surface at intervals not exceeding 610 mm (24 in.) with theloads) is of sufficient physical size to dissipate the heat

occurring at equipment terminations. type designation, size, and number of conductors.
The important factor to remember is that the load (200

(B) Optional Markings Flexible cords and cable typesamperes minus the 25 percent increase for those loads con-
listed in Table 400.4 shall be permitted to be surface markedsidered to be continuous) supplied by this cable does not
to indicate special characteristics of the cable materials.cause the cable to operate at an ampacity greater than that
These markings include, but are not limited to, markingsspecified in Table 310.16 for a 75�C, 3/0 AWG copper
for limited smoke, sunlight resistance, and so forth.conductor.

The UL Electrical Construction Materials Directory, under
the category Flexible Cord (ZJCZ), lists the following addi-(B) Ultimate Insulation Temperature In no case shall
tional markings:conductors be associated together in such a way with respect

to the kind of circuit, the wiring method used, or the number
‘‘Water Resistant’’ indicates the cord is suitable forof conductors such that the limiting temperature of the con-
immersion in water.ductors is exceeded.
‘‘For Mobile Home Use,’’ ‘‘For Recreational VehicleA neutral conductor that carries only the unbalanced
Use,’’ or ‘‘For Mobile Home and Recreational Vehiclecurrent from other conductors of the same circuit shall not
Use’’ followed by the current rating in amperes indicatesbe required to meet the requirements of a current-carrying
suitability for use in mobile homes or recreational vehi-conductor.
cles.In a 3-wire circuit consisting of two phase wires and

the neutral of a 4-wire, 3-phase, wye-connected system, a ‘‘Outdoor’’ or ‘‘W-A’’ indicates suitability for use out-
common conductor carries approximately the same current doors. The minimum temperature rating for these cords
as the line-to-neutral currents of the other conductors and is �40�C, unless otherwise marked on the cord.
shall be considered to be a current-carrying conductor.

‘‘W’’ indicates suitability for use outdoors and for im-On a 4-wire, 3-phase, wye circuit where the major
mersion in water. The low temperature rating for theseportion of the load consists of nonlinear loads, there are
cords is �40�C, unless otherwise marked on the cordharmonic currents present in the neutral conductor and the
with optional ratings of �50�C, �60�C, or �70�C.neutral shall be considered to be a current-carrying
The low temperature ratings are determined by meansconductor.
of a bend test (not a suppleness test) at the given temper-An equipment grounding conductor shall not be consid-
ature.ered a current-carrying conductor.
‘‘VW-1’’ indicates that the cord complies with a verticalWhere a single conductor is used for both equipment
flame test.grounding and to carry unbalanced current from other con-

ductors, as provided for in 250.140 for electric ranges and
Cords that have been evaluated for leakage currents

electric clothes dryers, it shall not be considered as a current-
between the circuit conductor and the grounding conductor

carrying conductor.
and between the circuit conductor and the outer surface of
the jacket may have the leakage current values marked onException: For other loading conditions, adjustment factors
the cable jacket.shall be permitted to be calculated under 310.15(C).

FPN: See Annex B, Table B.310.11, for adjustment fac-
tors for more than three current-carrying conductors in 400.7 Uses Permitted
a raceway or cable with load diversity.

(A) Uses Flexible cords and cables shall be used only for
the following:

400.6 Markings
(A) Standard Markings Flexible cords and cables shall A reference to the provisions of 645.5 that allow the use of
be marked by means of a printed tag attached to the coil cords as data processing cables has been deleted from 400.7
reel or carton. The tag shall contain the information required in the 2005 NEC. In accordance with 90.3, the structure of
in 310.11(A). Types S, SC, SCE, SCT, SE, SEO, SEOO, the Code permits requirements in Chapters 5, 6, and 7 to
SJ, SJE, SJEO, SJEOO, SJO, SJT, SJTO, SJTOO, SO, SOO, amend or modify requirements in Chapters 1 through 4.
ST, STO, STOO, SEW, SEOW, SEOOW, SJEW, SJEOW, In this particular case, 645.5 modifies 400.7 with specific
SJEOOW, SJOW, SJTW, SJTOW, SJTOOW, SOW, SOOW, provisions for the use of flexible cord in the space beneath
STW, STOW, and STOOW flexible cords and G, G-GC,
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400.8 Article 400 — Flexible Cords and Cables

the raised floor of an information technology equipment (6) Where installed in raceways, except as otherwise per-
mitted in this Coderoom.

The flexible cords and cables referred to in Article 400 are
(1) Pendants not limited to use with portable equipment. They may not
(2) Wiring of luminaires (fixtures) be used, however, as a substitute for the fixed wiring of a
(3) Connection of portable lamps, portable and mobile structure or where concealed behind building walls, floors,

signs, or appliances or ceilings (including structural, suspended, or dropped-type
(4) Elevator cables ceilings). See 240.5, 590.4(B), and 590.4(C) for the uses of
(5) Wiring of cranes and hoists multiconductor flexible cords for feeder and branch-circuit
(6) Connection of utilization equipment to facilitate fre- installations and for overcurrent protection requirements for

quent interchange flexible cord. See 410.30 for cord-connected luminaires.
(7) Prevention of the transmission of noise or vibration
(8) Appliances where the fastening means and mechanical

(7) Where subject to physical damageconnections are specifically designed to permit ready
removal for maintenance and repair, and the appliance

400.9 Splicesis intended or identified for flexible cord connection
Flexible cord shall be used only in continuous lengths with-(9) Connection of moving parts
out splice or tap where initially installed in applications(10) Where specifically permitted elsewhere in this Code
permitted by 400.7(A). The repair of hard-service cord and

(B) Attachment Plugs Where used as permitted in junior hard-service cord (see Trade Name column in Table
400.7(A)(3), (A)(6), and (A)(8), each flexible cord shall be 400.4) 14 AWG and larger shall be permitted if conductors
equipped with an attachment plug and shall be energized are spliced in accordance with 110.14(B) and the completed
from a receptacle outlet. splice retains the insulation, outer sheath properties, and

usage characteristics of the cord being spliced.Exception: As permitted in 368.56.

The requirements of 400.9 are intended to ensure that flexibleFlexible cords are permitted to be hard-wired into a junction
cords and cables first installed under any of the uses permit-box if the cord is used for the following:
ted in 400.7(A)(1) through 400.7(A)(10) are in their original

1. Luminaires and fixtures mentioned in 400.7(A) or near-original condition. Damage to a cord can occur under
2. Supplies to pendant pushbutton stations for cranes the sometimes extreme conditions of use to which the cord
3. Portable lamp (droplight) connections is subjected. The provisions of this section permit repair of

a cord in such a manner that the cord will retain its original
operating and use integrity. However, if the repaired cord

400.8 Uses Not Permitted is reused or reinstalled at a new location, the in-line repair
Unless specifically permitted in 400.7, flexible cords and is no longer permitted, and the cord can be used only in
cables shall not be used for the following: lengths that do not contain a splice.

(1) As a substitute for the fixed wiring of a structure
(2) Where run through holes in walls, structural ceilings, 400.10 Pull at Joints and Terminals

suspended ceilings, dropped ceilings, or floors Flexible cords and cables shall be connected to devices and
(3) Where run through doorways, windows, or similar open- to fittings so that tension is not transmitted to joints or

ings terminals.
(4) Where attached to building surfaces

Exception: Listed portable single-pole devices that are in-
Exception to (4): Flexible cord and cable shall be permitted tended to accommodate such tension at their terminals shall
to be attached to building surfaces in accordance with the be permitted to be used with single-conductor flexible cable.
provisions of 368.56(B)

FPN: Some methods of preventing pull on a cord from
being transmitted to joints or terminals are knotting the
cord, winding with tape, and fittings designed for theSection 368.56(B) provides the requirements for the installa-
purpose.tion of flexible cords installed as branches from busways.

400.11 In Show Windows and Show Cases
(5) Where concealed by walls, floors, or ceilings or located Flexible cords used in show windows and show cases shall

be Type S, SE, SEO, SEOO, SJ, SJE, SJEO, SJEOO, SJO,above suspended or dropped ceilings
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400.22Article 400 — Flexible Cords and Cables

1. Conduit fittings (bushings and fittings for use on theSJOO, SJT, SJTO, SJTOO, SO, SOO, ST, STO, STOO,
SEW, SEOW, SEOOW, SJEW, SJEOW, SJEOOW, SJOW, ends of conduit in boxes and gutters)

2. Insulating devices and materialsSJOOW, SJTW, SJTOW, SJTOOW, SOW, SOOW, STW,
STOW, or STOOW. 3. Bushings (for the protection of cords where they pass

through walls or barriers of metal)Exception No. 1: For the wiring of chain-supported lumi-
4. Outlet bushings and fittings (for use on the ends ofnaires (lighting fixtures).

conduit, electrical metallic tubing, or armored cable
Exception No. 2: As supply cords for portable lamps and where a change to open wiring is made)
other merchandise being displayed or exhibited.

Section 400.14 allows flexible cords and cables installed
Flexible cords listed for hard usage or extra-hard usage in an industrial establishment. A second paragraph was
should be used in show windows and show cases because added to the 2005 Code to permit flexible cords and cables
such cords may come in contact with combustible materials, to be installed in aboveground raceways where the length
such as fabrics or paper products, usually present at these of the raceway does not exceed 50 ft and the conductors
locations and because they are exposed to wear and tear are protected at their ampacity after application of the adjust-
from continual housekeeping and display changes. Flexible ment factors for more than three current-carrying conductors
cords used in show windows and show cases should be as specified in Table 400.5.
maintained in good condition.

In industrial establishments where the conditions of
400.12 Minimum Size maintenance and supervision ensure that only qualified per-
The individual conductors of a flexible cord or cable shall sons service the installation, flexible cords and cables shall
not be smaller than the sizes in Table 400.4. be permitted to be installed in aboveground raceways that

are no longer than 15 m (50 ft) to protect the flexible cord
or cable from physical damage. Where more than threeAdded in the 1999 Code, the exception to 400.12 correlates
current-carrying conductors are installed within the raceway,with cable Type G-GC, which was added to Table 400.4 in
the allowable ampacity shall be reduced in accordance with1999. This cable is similar to Type G, except that it incorpo-
Table 400.5.rates an insulated ground-check (GC) conductor. The

ground-check conductor is used as part of a low-voltage
circuit that monitors the grounding conductor continuity. II. Construction Specifications

400.20 Labels
Flexible cords shall be examined and tested at the factoryException: The size of the insulated ground-check conduc-
and labeled before shipment.tor of Type G-GC cables shall be not smaller than 10 AWG.

400.13 Overcurrent Protection See the definition of labeled in Article 100.
Flexible cords not smaller than 18 AWG, and tinsel cords
or cords having equivalent characteristics of smaller size

400.21 Nominal Insulation Thicknessapproved for use with specific appliances, shall be consid-
ered as protected against overcurrent by the overcurrent The nominal thickness of insulation for conductors of flexi-
devices described in 240.5. ble cords and cables shall not be less than specified in Table

400.4.
400.14 Protection from Damage

Exception: The nominal insulation thickness for the ground-Flexible cords and cables shall be protected by bushings or
check conductors of Type G-GC cables shall not be lessfittings where passing through holes in covers, outlet boxes,
than 1.14 mm (45 mils) for 8 AWG and not less than 0.76or similar enclosures.
mm (30 mils) for 10 AWG.

A variety of bushings and fittings are available for protecting 400.22 Grounded-Conductor Identification
flexible cords and cables, both insulated and noninsulated.

One conductor of flexible cords that is intended to be usedSome bushings or fittings include pull-relief means, as re-
as a grounded circuit conductor shall have a continuousquired in 400.10. Many insulating bushings are listed by
marker that readily distinguishes it from the other conductorUnderwriters Laboratories Inc. in the following product cate-
or conductors. The identification shall consist of one of thegories:
methods indicated in 400.22(A) through 400.22(F).
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400.23 Article 400 — Flexible Cords and Cables

(A) Colored Braid A braid finished to show a white or identify one conductor for cords having insulation on the
individual conductors integral with the jacket.gray color and the braid on the other conductor or conductors

finished to show a readily distinguishable solid color or
colors. An additional method is now permitted to identify the

grounded conductor in a cord where the insulation of the(B) Tracer in Braid A tracer in a braid of any color con-
conductor is part of the molded jacket and is not separable.trasting with that of the braid and no tracer in the braid of
A white stripe on the exterior of the cord serves to identifythe other conductor or conductors. No tracer shall be used
the segment of the cord that contains the grounded conductor.in the braid of any conductor of a flexible cord that contains
An example of a type cord with these characteristics is zipa conductor having a braid finished to show white or gray.
cord, which is commonly used for floor lamps and table

Exception: In the case of Types C and PD and cords having lamps. It is important that the grounded conductor be easily
the braids on the individual conductors finished to show identified where zip cord is used for wiring lampholders,
white or gray. In such cords, the identifying marker shall because the Code requires the grounded conductor to be
be permitted to consist of the solid white or gray finish on connected to the device terminal that connects to the screw-
one conductor, provided there is a colored tracer in the braid shell of the lampholder.
of each other conductor.

(C) Colored Insulation A white or gray insulation on one
400.23 Equipment Groundingconductor and insulation of a readily distinguishable color
Conductor Identificationor colors on the other conductor or conductors for cords
A conductor intended to be used as an equipment groundinghaving no braids on the individual conductors.
conductor shall have a continuous identifying marker readilyFor jacketed cords furnished with appliances, one con-
distinguishing it from the other conductor or conductors.ductor having its insulation colored light blue, with the other
Conductors having a continuous green color or a continuousconductors having their insulation of a readily distinguish-
green color with one or more yellow stripes shall not beable color other than white or gray.
used for other than equipment grounding purposes. The iden-

Exception: Cords that have insulation on the individual con- tifying marker shall consist of one of the methods in
ductors integral with the jacket. 400.23(A) or 400.23(B).

The insulation shall be permitted to be covered with an (A) Colored Braid A braid finished to show a continuous
outer finish to provide the desired color. green color or a continuous green color with one or more

yellow stripes.(D) Colored Separator A white or gray separator on one
conductor and a separator of a readily distinguishable solid

(B) Colored Insulation or Covering For cords having no
color on the other conductor or conductors of cords having

braids on the individual conductors, an insulation of a contin-
insulation on the individual conductors integral with the

uous green color or a continuous green color with one or
jacket.

more yellow stripes.

Since the 2002 edition of the Code, identification of 400.24 Attachment Plugs
grounded conductors in flexible cords and cables can be

Where a flexible cord is provided with an equipment ground-accomplished through the use of a white- or gray-colored
ing conductor and equipped with an attachment plug, thebraid, a white- or gray-colored tracer in the braid, white- or
attachment plug shall comply with 250.138(A) andgray-colored insulation, or a white- or gray-colored separa-
250.138(B).tor. In existing installations where a gray-colored braid,

tracer, or conductor insulation is encountered, caution should
III. Portable Cables Over 600be exercised because gray may have been used as means to

identify ungrounded conductors. Volts, Nominal
400.30 Scope

(E) Tinned Conductors One conductor having the individ- This part applies to multiconductor portable cables used to
ual strands tinned and the other conductor or conductors connect mobile equipment and machinery.
having the individual strands untinned for cords having insu-
lation on the individual conductors integral with the jacket. 400.31 Construction
(F) Surface Marking One or more ridges, grooves, or (A) Conductors The conductors shall be 8 AWG copper

or larger and shall employ flexible stranding.white stripes located on the exterior of the cord so as to
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402.7Article 402 — Fixture Wires

Exception: The size of the insulated ground-check conduc-
402.5 Allowable Ampacities for Fixture Wirestor of Type G-GC cables shall be not smaller than 10 AWG.
402.6 Minimum Size
402.7 Number of Conductors in Conduit or Tubing(B) Shields Cables operated at over 2000 volts shall be
402.8 Grounded Conductor Identificationshielded. Shielding shall be for the purpose of confining the
402.9 Markingvoltage stresses to the insulation.

(A) Method of Marking
(C) Equipment Grounding Conductor(s) An equipment (B) Optional Marking
grounding conductor(s) shall be provided. The total area 402.10 Uses Permitted
shall not be less than that of the size of the equipment 402.11 Uses Not Permitted
grounding conductor required in 250.122. 402.12 Overcurrent Protection

400.32 Shielding
402.1 ScopeAll shields shall be grounded.
This article covers general requirements and construction

400.33 Grounding specifications for fixture wires.
Grounding conductors shall be connected in accordance with

402.2 Other ArticlesPart V of Article 250.

Fixture wires shall comply with this article and also with
400.34 Minimum Bending Radii the applicable provisions of other articles of this Code.
The minimum bending radii for portable cables during instal-

FPN: For application in luminaires (lighting fixtures),
lation and handling in service shall be adequate to prevent see Article 410.
damage to the cable.

402.3 Types
400.35 Fittings

Fixture wires shall be of a type listed in Table 402.3, and
Connectors used to connect lengths of cable in a run shall they shall comply with all requirements of that table. The
be of a type that lock firmly together. Provisions shall be fixture wires listed in Table 402.3 are all suitable for service
made to prevent opening or closing these connectors while at 600 volts, nominal, unless otherwise specified.
energized. Suitable means shall be used to eliminate tension

FPN: Thermoplastic insulation may stiffen at tempera-at connectors and terminations.
tures colder than �10�C (�14�F), requiring that care
be exercised during installation at such temperatures.400.36 Splices and Terminations
Thermoplastic insulation may also be deformed at normal

Portable cables shall not contain splices unless the splices temperatures where subjected to pressure, requiring that
care be exercised during installation and at points ofare of the permanent molded, vulcanized types in accordance
support.with 110.14(B). Terminations on portable cables rated over

600 volts, nominal, shall be accessible only to authorized
402.5 Allowable Ampacities for Fixture Wiresand qualified personnel.
The allowable ampacity of fixture wire shall be as specified
in Table 402.5.

ARTICLE 402 No conductor shall be used under such conditions that
its operating temperature exceeds the temperature specifiedFixture Wires
in Table 402.3 for the type of insulation involved.

FPN: See 310.10 for temperature limitation of conduc-Summary of Changes tors.
• 402.8: Revised to clarify use of continuous white stripes

to identify the grounded conductor. 402.6 Minimum Size
Fixture wires shall not be smaller than 18 AWG.

402.7 Number of Conductors in ConduitContents
or Tubing

402.1 Scope
The number of fixture wires permitted in a single conduit402.2 Other Articles
or tubing shall not exceed the percentage fill specified in402.3 Types
Table 1, Chapter 9.
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402.7 Article 402 — Fixture Wires

Table 402.3 Fixture Wires

Thickness of Insulation Maximum
Type Outer Operating Application

Name Letter Insulation AWG mm mils Covering Temperature Provisions

Heat-resistant rubber- FFH-2 Heat-resistant rubber 18–16 0.76 30 Nonmetallic 75�C Fixture wiring
covered fixture wire — covering 167�F
flexible stranding Cross-linked 18–16 0.76 30

synthetic polymer

ECTFE — solid or 7- HF Ethylene chlorotriflu- 18–14 0.38 15 None 150�C Fixture wiring
strand oroethylene 302�F

ECTFE — flexible HFF Ethylene chlorotriflu- 18–14 0.38 15 None 150�C Fixture wiring
stranding oroethylene 302�F

Tape insulated fixture KF-1 Aromatic polyimide 18–10 0.14 5.5 None 200�C Fixture wiring —
wire — solid or 7- tape 392�F limited to 300
strand volts

KF-2 Aromatic polyimide 18–10 0.21 8.4 None 200�C Fixture wiring
tape 392�F

Tape insulated fixture KFF-1 Aromatic polyimide 18–10 0.14 5.5 None 200�C Fixture wiring —
wire — flexible tape 392�F limited to 300
stranding volts

KFF-2 Aromatic polyimide 18–10 0.21 8.4 None 200�C Fixture wiring
tape 392�F

Perfluoro-alkoxy — solid PAF Perfluoro-alkoxy 18–14 0.51 20 None 250�C Fixture wiring
or 7-strand (nickel or 482�F (nickel or
nickel-coated copper) nickel-coated

copper)

Perfluoro-alkoxy — PAFF Perfluoro-alkoxy 18–14 0.51 20 None 150�C Fixture wiring
flexible stranding 302�F

Fluorinated ethylene PF Fluorinated ethylene 18–14 0.51 20 None 200�C Fixture wiring
propylene fixture wire propylene 392�F
— solid or 7-strand

Fluorinated ethylene PFF Fluorinated ethylene 18–14 0.51 20 None 150�C Fixture wiring
propylene fixture wire propylene 302�F
— flexible stranding

Fluorinated ethylene PGF Fluorinated ethylene 18–14 0.36 14 Glass braid 200�C Fixture wiring
propylene fixture wire propylene 392�F
— solid or 7-strand

Fluorinated ethylene PGFF Fluorinated ethylene 18–14 0.36 14 Glass braid 150�C Fixture wiring
propylene fixture wire propylene 302�F
— flexible stranding

Extruded polytetraflu- PTF Extruded 18–14 0.51 20 None 250�C Fixture wiring
oroethylene — solid or polytetraflu- 482�F (nickel or
7-strand (nickel or oroethylene nickel-coated
nickel-coated copper) copper)
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402.7Article 402 — Fixture Wires

Table 402.3 Continued

Thickness of Insulation Maximum
Type Outer Operating Application

Name Letter Insulation AWG mm mils Covering Temperature Provisions

Extruded polytetraflu- PTFF Extruded 18–14 0.51 20 None 150�C Fixture wiring
oroethylene — flexible polytetraflu- 302�F (silver or
stranding 26-36 (AWG oroethylene nickel-coated
silver or nickel-coated copper)
copper)

Heat-resistant rubber- RFH-1 Heat-resistant rubber 18 0.38 15 Nonmetallic 75�C Fixture wiring —
covered fixture wire — covering 167�F limited to 300
solid or 7-strand volts

RFH-2 Heat-resistant rubber 18–16 0.76 30 None or non- 75�C Fixture wiring
Cross-linked metallic 167�F

synthetic polymer covering

Heat-resistant cross- RFHH-2* Cross-linked 18–16 0.76 30 None or non- 90�C Fixture wiring
linked synthetic synthetic polymer metallic 194�F
polymer-insulated covering
fixture wire — solid or
7-strand

RFHH-3* 18–16 1.14 45

Silicone insulated fixture SF-1 Silicone rubber 18 0.38 15 Nonmetallic 200�C Fixture wiring —
wire — solid or 7- covering 392�F limited to 300
strand volts

SF-2 Silicone rubber 18–12 0.76 30 Nonmetallic 200�C Fixture wiring
10 1.14 45 covering 392�F

Silicone insulated fixture SFF-1 Silicone rubber 18 0.38 15 Nonmetallic 150�C Fixture wiring —
wire — flexible covering 302�F limited to 300
stranding volts

SFF-2 Silicone rubber 18–12 0.76 30 Nonmetallic 150�C Fixture wiring
10 1.14 45 covering 302�F

Thermoplastic covered TF* Thermoplastic 18–16 0.76 30 None 60�C Fixture wiring
fixture wire — solid or 140�F
7-strand

Thermoplastic covered TFF* Thermoplastic 18–16 0.76 30 None 60�C Fixture wiring
fixture wire — flexible 140�F
stranding

Heat-resistant TFN* Thermoplastic 18–16 0.38 15 Nylon- 90�C Fixture wiring
thermoplastic covered jacketed 194�F
fixture wire — solid or or
7-strand equivalent

Heat-resistant TFFN* Thermoplastic 18–16 0.38 15 Nylon- 90�C Fixture wiring
thermoplastic covered jacketed 194�F
fixture wire — flexible or
stranded equivalent

Cross-linked polyolefin XF* Cross-linked 18–14 0.76 30 None 150�C Fixture wiring —
insulated fixture wire polyolefin 12-10 1.14 45 302�F limited to 300
— solid or 7-strand volts

(continues)
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402.7 Article 402 — Fixture Wires

Table 402.3 Continued

Thickness of Insulation Maximum
Type Outer Operating Application

Name Letter Insulation AWG mm mils Covering Temperature Provisions

Cross-linked polyolefin XFF* Cross-linked 18–14 0.76 30 None 150�C Fixture wiring —
insulated fixture wire polyolefin 12–10 1.14 45 302�F limited to 300
— flexible stranded volts

Modified ETFE — solid ZF Modified ethylene 18–14 0.38 15 None 150�C Fixture wiring
or 7-strand tetrafluoro- 302�F

ethylene

Flexible stranding ZFF Modified ethylene 18–14 0.38 15 None 150�C Fixture wiring
tetrafluoro- 302�F
ethylene

High temp. modified ZHF Modified ethylene 18–14 0.38 15 None 200�C Fixture wiring
ETFE — solid or 7- tetrafluoro- 392�F
strand ethylene

*Insulations and outer coverings that meet the requirements of flame retardant, limited smoke, and are so listed
shall be permitted to be marked for limited smoke after the Code type designation.

Table 402.5 Allowable Ampacity for Fixture Wires the internal cross-sectional area of the raceway in question.
Note 6 states, ‘‘For [calculating] combinations of conductors

Size (AWG) Allowable Ampacity of different sizes, use Table 5 and Table 5A for dimensions
of conductors and Table 4 for the applicable conduit or18 6
tubing dimensions.’’16 8

14 17 STEP 1. Using Table 1, look up the maximum percent of
12 23 cross section of conduit permitted for conductors. Table 1
10 28

sets the limit of conductor fill for over two conductors at
40 percent of the total cross-sectional area of the raceway.

STEP 2. Look up the individual conductor cross-sectional
Table 1 of Chapter 9 specifies the maximum percent fill of areas in Chapter 9, Table 5.
a conduit or tubing. Table 4 of Chapter 9 provides the usable
area within the selected conduit or tubing, and Table 5 of 16 AWG TFFN � 0.0072 in.2

Chapter 9 provides the required area for each of the conduc-
12 AWG THHN � 0.0133 in.2tors. Examples using these tables to calculate a conduit or

STEP 3. Calculate the total area occupied by the wires astubing size are provided according to Chapter 9, Table 1,
follows:Note 6. The following examples show how to determine the

minimum size conduit where the conductors are different
Fourteen 16 AWG TFFN � 0.0072 � 0.1008 in.2

sizes and how to select the minimum size conduit directly
Three 12 AWG THHN � 0.0133 � 0.0399 in.2from the tables in Annex C where the conductors are all the

same size. Total area � 0.1407 in.2

STEP 4. Using the 40 percent column of Table 4, ArticleExample 1
348 – Flexible Metal Conduit, look up the appropriate flexi-A remote ballast installation requires a single flexible metal
ble metal conduit size based on 40 percent fill and a totalconduit to contain fourteen 16 AWG TFFN fixture wires
conductor area fill of 0.1407 in.2 Because 0.1407 in.2 isand three 12 AWG THHN conductors. What size flexible
greater than 0.127 and less than 0.213, select trade size 3⁄4metal conduit will be required?
flexible metal conduit.

Solution If the conductors in a raceway or tubing are all of the
same wire size, the Annex C tables may be used instead ofThe solution is found by using Table 1 of Chapter 9 and the

accompanying Note 6 following Table 1. Table 1 sets the doing the calculations. The following example uses Annex
C tables to determine electrical metallic tubing size.maximum percentage of conduit and tubing fill based on
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402.12Article 404 — Switches

method to the fixture wire tap conductors. This can be doneExample 2
in a junction box or other fitting that is allowed to containA fire alarm system requires a riser to contain thirty-six 16
splices.AWG TFFN conductors. What size electrical metallic tubing

will be required?

Solution 402.11 Uses Not Permitted
First, in Annex C, Table C1, find TFFN insulation in the Fixture wires shall not be used as branch-circuit conductors.
first column. Next, find 16 AWG in the second column.
Proceed across the table until the desired number of conduc- 402.12 Overcurrent Protection
tors is equal to or less than the number shown in the table for

Overcurrent protection for fixture wires shall be as specified
the respective conduit and tubing sizes. Using this method, a

in 240.5.
1-in. EMT is required.

ARTICLE 404402.8 Grounded Conductor Identification
SwitchesFixture wires that are intended to be used as grounded con-

ductors shall be identified by one or more continuous white
stripes on other than green insulation or by the means de- Summary of Changes
scribed in 400.22(A) through 400.22(E).

• 404.6(A) and (B): Changed terminology to reduce confu-
sion from a lock-out device to a means built in the switch

A new rule similar to that required for flexible cords and to hold the blades in the open position when set.
cable was added to the 2005 Code to ensure that the grounded

• 404.8(B): Revised to require the separating barriers to beconductor in fixture wires is easily recognized. Because it
identified.is necessary that the grounded conductor be connected to

• 404.9(B): Added the option of use of GFCI in lieu ofthe screwshell of lampholders, it must be easily recognized.
grounding of a nonconductive faceplate.

402.9 Marking
(A) Method of Marking Thermoplastic insulated fixture

Contentswire shall be durably marked on the surface at intervals not
I. Installationexceeding 610 mm (24 in.). All other fixture wire shall be

404.1 Scopemarked by means of a printed tag attached to the coil, reel,
404.2 Switch Connectionsor carton.

(A) Three-Way and Four-Way Switches
(B) Grounded Conductors(B) Optional Marking Fixture wire types listed in Table

404.3 Enclosure402.3 shall be permitted to be surface marked to indicate
(A) Generalspecial characteristics of the cable materials. These markings
(B) Used as a Racewayinclude, but are not limited to, markings for limited smoke,

404.4 Wet Locationssunlight resistance, and so forth.
404.5 Time Switches, Flashers, and Similar Devices
404.6 Position and Connection of Switches402.10 Uses Permitted

(A) Single-Throw Knife Switches
Fixture wires shall be permitted (1) for installation in lumi- (B) Double-Throw Knife Switches
naires (lighting fixtures) and in similar equipment where (C) Connection of Switches
enclosed or protected and not subject to bending or twisting 404.7 Indicating
in use, or (2) for connecting luminaires (lighting fixtures) 404.8 Accessibility and Grouping
to the branch-circuit conductors supplying the luminaires (A) Location
(fixtures). (B) Voltage Between Adjacent Devices

404.9 Provisions for General-Use Snap Switches
(A) FaceplatesFixture wire is permitted to be used as a tap conductor to

connect a luminaire(s) to the branch circuit conductors. (B) Grounding
(C) ConstructionThere must be a transition from the branch circuit wiring
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404.1 Article 404 — Switches

3-conductor cable for wiring three-way and four-way
404.10 Mounting of Snap Switches switches. However, using two 2-conductor cables could eas-

(A) Surface-Type ily result in a violation of 300.20 if metal boxes are used
(B) Box Mounted and the cables enter the box through separate knockouts.

404.11 Circuit Breakers as Switches Also, use of the same clamp or section of a clamp for both
404.12 Grounding of Enclosures cables would, in most cases, be in violation of 110.3(B),
404.13 Knife Switches because clamps have been tested for only one cable per

(A) Isolating Switches clamp or section of clamp.
(B) To Interrupt Currents The grounded conductor is not needed in a switch loop
(C) General-Use Switches [see 300.20(A)] because the ungrounded conductor both
(D) Motor-Circuit Switches enters and leaves the enclosure in the same cable or raceway,

404.14 Rating and Use of Snap Switches thus avoiding inductive heating.
(A) Alternating Current General-Use Snap Switch
(B) Alternating-Current or Direct-Current General-

Use Snap Switch (B) Grounded Conductors Switches or circuit breakers
(C) CO/ALR Snap Switches shall not disconnect the grounded conductor of a circuit.
(D) Alternating-Current Specific-Use Snap

Exception: A switch or circuit breaker shall be permitted
Switches Rated for 347 Volts

to disconnect a grounded circuit conductor where all circuit
(E) Dimmer Switches

conductors are disconnected simultaneously, or where the
II. Construction Specifications

device is arranged so that the grounded conductor cannot
404.15 Marking

be disconnected until all the ungrounded conductors of the
(A) Ratings

circuit have been disconnected.
(B) Off Indication

404.16 600-Volt Knife Switches 404.3 Enclosure
404.17 Fused Switches

(A) General Switches and circuit breakers shall be of the404.18 Wire-Bending Space
externally operable type mounted in an enclosure listed for
the intended use. The minimum wire-bending space at termi-

I. Installation nals and minimum gutter space provided in switch enclo-
sures shall be as required in 312.6.404.1 Scope
Exception No. 1: Pendant- and surface-type snap switchesThe provisions of this article shall apply to all switches,
and knife switches mounted on an open-face switchboardswitching devices, and circuit breakers where used as
or panelboard shall be permitted without enclosures.switches.

Exception No. 2: Switches and circuit breakers installed in
accordance with 110.27(A)(1), (A)(2), (A)(3), or (A)(4) shallAs part of the Chapter 3 reorganization in the 2002 Code,
be permitted without enclosures.several articles were relocated to new chapters. Article 404

was formerly Article 380. Chapter 3 contains articles with
requirements on wiring methods, and Chapter 4 contains Exception No. 2 to 404.3 recognizes the variety of means
requirements on equipment for general use. For a complete allowed by 110.27(A) for the guarding of live parts. Switches
matrix on the reorganization of Chapter 3, see Annex F. and circuit breakers guarded by these means are permitted

without enclosures.

404.2 Switch Connections
(A) Three-Way and Four-Way Switches Three-way and (B) Used as a Raceway Enclosures shall not be used as
four-way switches shall be wired so that all switching is junction boxes, auxiliary gutters, or raceways for conductors
done only in the ungrounded circuit conductor. Where in feeding through or tapping off to other switches or overcur-
metal raceways or metal-armored cables, wiring between rent devices, unless the enclosure complies with 312.8.
switches and outlets shall be in accordance with 300.20(A).

404.4 Wet LocationsException: Switch loops shall not require a grounded con-
ductor. A switch or circuit breaker in a wet location or outside of

a building shall be enclosed in a weatherproof enclosure or
cabinet that shall comply with 312.2(A). Switches shall notThe NEC does not specifically prohibit the use of two 2-
be installed within wet locations in tub or shower spacesconductor nonmetallic-sheathed cables instead of a single
unless installed as part of a listed tub or shower assembly.
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404.7Article 404 — Switches

must be provided with barriers or a means to guard against404.5 Time Switches, Flashers, and
inadvertent contact with the energized blades. This require-Similar Devices
ment is intended to provide protection against accidentalTime switches, flashers, and similar devices shall be of the
contact with live parts in those cases where personnel areenclosed type or shall be mounted in cabinets or boxes or
working on energized equipment.equipment enclosures. Energized parts shall be barriered to

prevent operator exposure when making manual adjustments
or switching.

Exception: The blades and terminals supplying the load of
Exception: Devices mounted so they are accessible only a switch shall be permitted to be energized when the switch
to qualified persons shall be permitted without barriers, is in the open position where the switch is connected to
provided they are located within an enclosure such that circuits or equipment inherently capable of providing a back-
any energized parts within 152 mm (6.0 in.) of the manual feed source of power. For such installations, a permanent
adjustment or switch are covered by suitable barriers. sign shall be installed on the switch enclosure or immediately

adjacent to open switches with the following words or equiv-
alent: WARNING — LOAD SIDE TERMINALS MAY BE404.6 Position and Connection of Switches
ENERGIZED BY BACKFEED.(A) Single-Throw Knife Switches Single-throw knife

switches shall be placed so that gravity will not tend to close
Batteries, generators, and double-ended switchboard tiesthem. Single-throw knife switches, approved for use in the
are typical backfeed sources. These sources may cause theinverted position, shall be provided with an integral mechani-
load side of the switch or circuit breaker to be energizedcal means that ensures that the blades remain in the open
when it is in the open position, a condition inherent to theposition when so set.
circuitry.

(B) Double-Throw Knife Switches Double-throw knife
switches shall be permitted to be mounted so that the throw
is either vertical or horizontal. Where the throw is vertical, 404.7 Indicating
integral mechanical means shall be provided to hold the General-use and motor-circuit switches, circuit breakers, and
blades in the open position when so set. molded case switches, where mounted in an enclosure as

described in 404.3, shall clearly indicate whether they are
A revision in the 2005 Code to 404.6(A) and 404.6(B) in the open (off) or closed (on) position.
clarifies that an integral ‘‘mechanical means’’ that does not Where these switch or circuit breaker handles are oper-
necessarily have to be a ‘‘locking device’’ is required for ated vertically rather than rotationally or horizontally, the
single-throw and double-throw switches to ensure the switch up position of the handle shall be the (on) position.
blades remain disengaged regardless of their orientation

Exception No. 1: Vertically operated double-throw switcheswhen the switch is in the ‘‘off’’ (open) position. New switch
shall be permitted to be in the closed (on) position with thedesigns incorporate mechanical means other than a catch or
handle in either the up or down position.a latch to ensure that the blades cannot accidentally close

from the ‘‘off’’ position. Exception No. 2: On busway installations, tap switches em-
ploying a center-pivoting handle shall be permitted to be
open or closed with either end of the handle in the up or

(C) Connection of Switches Single-throw knife switches down position. The switch position shall be clearly indicating
and shall be visible from the floor or from the usual pointand switches with butt contacts shall be connected such that

their blades are de-energized when the switch is in the open of operation.
position. Bolted pressure contact switches shall have barriers
that prevent inadvertent contact with energized blades. Sin- Exception No. 2 was added to the 2005 Code to clarify the
gle-throw knife switches, bolted pressure contact switches, off and on positions and the operation to turn the switch
molded case switches, switches with butt contacts, and cir- off. Some busway switches are designed with a center pivot,
cuit breakers used as switches shall be connected so that so that at any time, one end of the switch handle is in the
the terminals supplying the load are de-energized when the up position and the other side is down. This allows the
switch is in the open position. switch to be pulled down to turn it off and also pulled down

to turn it on, a configuration not in accordance with the
requirement in the main rule. The added exception allowsNew for the 2002 Code, bolted pressure switches that have

energized blades when open, such as bottom feed designs, this time-proven method of operating busway switches.
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404.8 Article 404 — Switches

(1) The switch is mounted with metal screws to a metal404.8 Accessibility and Grouping
box or to a nonmetallic box with integral means for(A) Location All switches and circuit breakers used as
grounding devices.switches shall be located so that they may be operated from

(2) An equipment grounding conductor or equipment bond-a readily accessible place. They shall be installed such that
ing jumper is connected to an equipment groundingthe center of the grip of the operating handle of the switch
termination of the snap switch.or circuit breaker, when in its highest position, is not more

than 2.0 m (6 ft 7 in.) above the floor or working platform. Exception to (B): Where no grounding means exists within
the snap-switch enclosure or where the wiring method doesException No. 1: On busway installations, fused switches
not include or provide an equipment ground, a snap switchand circuit breakers shall be permitted to be located at the
without a grounding connection shall be permitted for re-same level as the busway. Suitable means shall be provided
placement purposes only. A snap switch wired under theto operate the handle of the device from the floor.
provisions of this exception and located within reach of

Exception No. 2: Switches and circuit breakers installed earth, grade, conducting floors, or other conducting surfaces
adjacent to motors, appliances, or other equipment that they shall be provided with a faceplate of nonconducting, non-
supply shall be permitted to be located higher than 2.0 m combustible material or shall be protected by a ground-fault
(6 ft 7 in.) and to be accessible by portable means. circuit interrupter.
Exception No. 3: Hookstick operable isolating switches
shall be permitted at greater heights. The exception to 404.9(B) was expanded in the 2005 Code

to require GFCI protection for the circuits terminating in an(B) Voltage Between Adjacent Devices A snap switch
ungrounded device box where a metal faceplate is installedshall not be grouped or ganged in enclosures with other snap
and it can be touched by persons in contact with a groundedswitches, receptacles, or similar devices, unless they are
surface. This exception provides additional safety to personsarranged so that the voltage between adjacent devices does
where older electrical installations did not provide an equip-not exceed 300 volts, or unless they are installed in enclo-
ment grounding conductor in the wiring method.sures equipped with identified, securely installed barriers

The provisions of 404.9(B) specify that switching de-between adjacent devices.
vices, including snap switches, dimmers, and similar control
devices, must be grounded. Although the non–current-car-

Barriers are required between switches that are ganged in a rying metal parts of these devices typically are not subject
box and used to control 277-volt lighting on 480Y/277-volt to contact by personnel, there is concern about the use of
systems where two or more phase conductors enter the box. metal faceplates, which do pose a shock hazard if they
Permanent barriers would be required between devices fed become energized. Therefore, the switch must provide a
from two different phases of this system because the voltage means for connection of an equipment grounding conductor
between the phase conductors would be 480 volts, nominal, to ground the metal faceplate if one is installed.
and would exceed the 300-volt limit. Barriers are required The requirements in 404.9(B)(1) or 404.9(B)(2) de-
even if one device space is left empty because the two scribe the provisions to satisfy the main requirement. Switch
remaining devices fed from different phase conductors still plates in existing installations attached to switches in boxes
would be adjacent to each other. This requirement now ap- without an equipment grounding conductor must be made
plies to switches ganged together with any wiring device of insulating material. See Exhibit 404.1, following the com-
where the voltage between adjacent conductors exceeds 300 mentary in 404.12, for an example of the typical method by
volts. which a metal faceplate is grounded. Section 404.9(B)(2)

was revised to clarify that the metal yoke of the device,
where in direct contact with a grounded metal device box,404.9 Provisions for General-Use Snap Switches
serves to adequately ground the yoke, thereby grounding

(A) Faceplates Faceplates provided for snap switches the faceplate.
mounted in boxes and other enclosures shall be installed so
as to completely cover the opening and, where the switch

(C) Construction Metal faceplates shall be of ferrousis flush mounted, seat against the finished surface.
metal not less than 0.76 mm (0.030 in.) in thickness or of
nonferrous metal not less than 1.02 mm (0.040 in.) in thick-(B) Grounding Snap switches, including dimmer and simi-

lar control switches, shall be effectively grounded and shall ness. Faceplates of insulating material shall be noncombusti-
ble and not less than 2.54 mm (0.010 in.) in thickness, butprovide a means to ground metal faceplates, whether or

not a metal faceplate is installed. Snap switches shall be they shall be permitted to be less than 2.54 mm (0.010 in.)
in thickness if formed or reinforced to provide adequateconsidered effectively grounded if either of the following

conditions is met: mechanical strength.
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404.13Article 404 — Switches

for electricians to properly set device boxes flush with the
finish surface, thereby ensuring a secure seating of the switch
yoke and permitting the maximum projection of switch han-
dles through the installed switch plate.

404.11 Circuit Breakers as Switches
A hand-operable circuit breaker equipped with a lever or
handle, or a power-operated circuit breaker capable of being
opened by hand in the event of a power failure, shall be
permitted to serve as a switch if it has the required number
of poles.

FPN: See the provisions contained in 240.81 and 240.83.

Circuit breakers that are capable of being hand operated
must clearly indicate whether they are in the open (off) or
closed (on) position. See 404.7 for details on handle posi-
tions. See 240.83(D) for SWD and HID marking for circuit
breakers used as switches for 120-volt and 277-volt fluores-
cent and high-intensity discharge lighting circuits.

404.12 Grounding of Enclosures
Metal enclosures for switches or circuit breakers shall be

NM cable

Nonmetallic
box

Metal
screws

Metal
faceplate

Equipment
grounding
conductor

Off

grounded as specified in Article 250. Where nonmetallic
Exhibit 404.1 Grounding of a metal faceplate through attach- enclosures are used with metal raceways or metal-armored
ment to the grounded yoke of a snap switch. cables, provision shall be made for grounding continuity.

Except as covered in 404.9(B), Exception, nonmetallic
boxes for switches shall be installed with a wiring method

404.10 Mounting of Snap Switches that provides or includes an equipment ground.
(A) Surface-Type Snap switches used with open wiring
on insulators shall be mounted on insulating material that 404.13 Knife Switches
separates the conductors at least 13 mm (1⁄2 in.) from the (A) Isolating Switches Knife switches rated at over 1200
surface wired over. amperes at 250 volts or less, and at over 600 amperes at

251 to 600 volts, shall be used only as isolating switches(B) Box Mounted Flush-type snap switches mounted in
and shall not be opened under load.boxes that are set back of the finished surface as permitted

in 314.20 shall be installed so that the extension plaster (B) To Interrupt Currents To interrupt currents over 1200
ears are seated against the surface. Flush-type snap switches

amperes at 250 volts, nominal, or less, or over 600 amperes
mounted in boxes that are flush with the finished surface or

at 251 to 600 volts, nominal, a circuit breaker or a switch
project from it shall be installed so that the mounting yoke

of special design listed for such purpose shall be used.
or strap of the switch is seated against the box.

(C) General-Use Switches Knife switches of ratings less
Section 404.10(B) was revised in the 2005 Code to make it than specified in 404.13(A) and 404.13(B) shall be consid-
clear that regardless of where a box for a flush-type switch ered general-use switches.
is installed (in a wall or in a ceiling), the switch yoke or

FPN: See the definition of General-Use Switch in Articlestrap must be seated against the box, or where the box is
100.

set back, the yoke or strap must be against the finished
surface of the wall, ceiling, or other location in which the (D) Motor-Circuit Switches Motor-circuit switches shall
box is installed. be permitted to be of the knife-switch type.

Cooperation is necessary among the building trades
FPN: See the definition of a Motor-Circuit Switch in(carpenters, drywall installers, plasterers, and so on) in order
Article 100.

National Electrical Code Handbook 2005 467

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



404.14 Article 404 — Switches

404.14 Rating and Use of Snap Switches Although they are not commonly used in the United States,
600Y/347-volt systems are permitted by the Code. In accor-Snap switches shall be used within their ratings and as
dance with 210.6 and 225.7(D), these systems can be usedindicated in 404.14(A) through 404.14(D).
to supply installations of outdoor lighting. For the purposes

FPN No. 1: For switches on signs and outline lighting, of controlling lighting circuits on these systems,
see 600.6.

404.14(D)(2) permits a relatively new type of ac specific-
FPN No. 2: For switches controlling motors, see 430.83,

use snap switch that is 347-volt rated. Such switches, unless430.109, and 430.110.
specifically restricted, are permitted to be used on circuits
of a lower voltage, such as 277- and 120-volt circuits.(A) Alternating Current General-Use Snap Switch A

form of general-use snap switch suitable only for use on ac
circuits for controlling the following:

(E) Dimmer Switches General-use dimmer switches shall
(1) Resistive and inductive loads, including electric-dis- be used only to control permanently installed incandescent

charge lamps, not exceeding the ampere rating of the luminaires (lighting fixtures) unless listed for the control of
switch at the voltage involved other loads and installed accordingly.

(2) Tungsten-filament lamp loads not exceeding the ampere
rating of the switch at 120 volts

General-use dimmers are not permitted to control receptacles(3) Motor loads not exceeding 80 percent of the ampere
or cord-and-plug-connected table and floor lamps. Sectionrating of the switch at its rated voltage
404.14(E) does not apply to commercial dimmers or theater
dimmers that can be used for fluorescent lighting and porta-(B) Alternating-Current or Direct-Current General-Use
ble lighting. If a dimmer that has been evaluated only forSnap Switch A form of general-use snap switch suitable for
the control of incandescent luminaires is used, the potentialuse on either ac or dc circuits for controlling the following:
for connecting incompatible equipment such as a cord-and-

(1) Resistive loads not exceeding the ampere rating of the plug-connected motor-operated appliance or a portable fluo-
switch at the voltage applied. rescent lamp is increased by using the dimmer to control a

(2) Inductive loads not exceeding 50 percent of the ampere receptacle(s).
rating of the switch at the applied voltage. Switches
rated in horsepower are suitable for controlling motor
loads within their rating at the voltage applied. II. Construction Specifications

(3) Tungsten-filament lamp loads not exceeding the ampere
404.15 Markingrating of the switch at the applied voltage if T-rated.
(A) Ratings Switches shall be marked with the current

(C) CO/ALR Snap Switches Snap switches rated 20 am- voltage, and, if horsepower rated, the maximum rating for
peres or less directly connected to aluminum conductors which they are designed.
shall be listed and marked CO/ALR.

(B) Off Indication Where in the off position, a switching
(D) Alternating-Current Specific-Use Snap Switches device with a marked OFF position shall completely discon-
Rated for 347 Volts Snap switches rated 347 volts ac shall nect all ungrounded conductors to the load it controls.
be listed and shall be used only for controlling the loads
permitted by (D)(1) and (D)(2). 404.16 600-Volt Knife Switches

Auxiliary contacts of a renewable or quick-break type or(1) Noninductive Loads Noninductive loads other than
the equivalent shall be provided on all knife switches ratedtungsten-filament lamps not exceeding the ampere and volt-
600 volts and designed for use in breaking current over 200age ratings of the switch.
amperes.

(2) Inductive Loads Inductive loads not exceeding the am-
pere and voltage ratings of the switch. Where particular load 404.17 Fused Switches
characteristics or limitations are specified as a condition of

A fused switch shall not have fuses in parallel except asthe listing, those restrictions shall be observed regardless of
permitted in 240.8.the ampere rating of the load.

The ampere rating of the switch shall not be less than
404.18 Wire-Bending Space15 amperes at a voltage rating of 347 volts ac. Flush-type

snap switches rated 347 volts ac shall not be readily inter- The wire-bending space required by 404.3 shall meet Table
312.6(B) spacings to the enclosure wall opposite the linechangeable in box mounting with switches identified in

404.14(A) and 404.14(B). and load terminals.
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406.2Article 406 — Receptacles, Cord Connectors, and Attachment Plugs (Caps)

ARTICLE 406 406.7 Noninterchangeability
406.8 Receptacles in Damp or Wet LocationsReceptacles, Cord Connectors, and

(A) Damp LocationsAttachment Plugs (Caps)
(B) Wet Locations
(C) Bathtub and Shower Space
(D) Protection for Floor ReceptaclesSummary of Changes
(E) Flush Mounting with Faceplate• 406.4(D): Added two new exceptions covering listed kits

406.9 Grounding-Type Receptacles, Adapters, Cordor assemblies and listed nonmetallic face plates.
Connectors, and Attachment Plugs

• 406.6 and 406.6(D): Added requirement covering the use (A) Grounding Poles
of flanged surface inlets. (B) Grounding-Pole Identification

• 406.8(B)(1): Revised to include all wet locations, not just (C) Grounding Terminal Use
those outdoors. (D) Grounding-Pole Requirements

(E) Use• 406.8(C): Revised to prohibit receptacles directly over a
406.10 Connecting Receptacle Grounding Terminal to Boxbathtub or shower stall.

• 406.9(B)(4): Revised to permit other grounding symbols.

406.1 Scope
This article covers the rating, type, and installation of recep-
tacles, cord connectors, and attachment plugs (cord caps).Contents

406.1 Scope
To consolidate the requirements for receptacles, cord con-406.2 Receptacle Rating and Type
nectors, and attachment caps into one location dedicated to(A) Receptacles
these devices, Article 406 was added to the 2002 NEC.(B) Rating
Article 406 comprises information that was taken from Arti-(C) Receptacles for Aluminum Conductors
cle 410, Part L, 410-56, 410-57, and 410-58, and 210-7(d)(D) Isolated Ground Receptacles
of the 1999 NEC and that was reorganized and editorially406.3 General Installation Requirements
rewritten for the 2002 NEC.(A) Grounding Type

(B) To Be Grounded
(C) Methods of Grounding

406.2 Receptacle Rating and Type(D) Replacements
(E) Cord-and-Plug-Connected Equipment (A) Receptacles Receptacles shall be listed and marked
(F) Noninterchangeable Types with the manufacturer’s name or identification and voltage

406.4 Receptacle Mounting and ampere ratings.
(A) Boxes That Are Set Back
(B) Boxes That Are Flush Section 406.2(A) was revised for the 2005 Code to clarify
(C) Receptacles Mounted on Covers what was meant by ‘‘listed for the purpose.’’ It was often
(D) Position of Receptacle Faces interpreted that the receptacle had to be identified for a
(E) Receptacles in Countertops and Similar Work specific use. The intent is to ensure that the receptacles are

Surfaces in Dwelling Units suitable for the branch-circuit voltage and the load current
(F) Exposed Terminals that the receptacle must conduct.

406.5 Receptacle Faceplates (Cover Plates)
(A) Thickness of Metal Faceplates
(B) Grounding (B) Rating Receptacles and cord connectors shall be rated
(C) Faceplates of Insulating Material not less than 15 amperes, 125 volts, or 15 amperes, 250 volts,

406.6 Attachment Plugs, Cord Connectors, and Flanged and shall be of a type not suitable for use as lampholders.
Surface Devices

(A) Construction of Attachment Plugs and Cord FPN: See 210.21(B) for receptacle ratings where in-
stalled on branch circuits.Connectors

(B) Connection of Attachment Plugs
(C) Receptacles for Aluminum Conductors Receptacles(C) Attachment Plug Ejector Mechanisms
rated 20 amperes or less and designed for the direct connec-(D) Flanged Surface Inlet
tion of aluminum conductors shall be marked CO/ALR.
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406.3 Article 406 — Receptacles, Cord Connectors, and Attachment Plugs (Caps)

(C) Methods of Grounding The grounding contacts of re-Section 406.2(C) requires that 15- and 20-ampere receptacles
ceptacles and cord connectors shall be grounded by connec-directly connected to aluminum conductors be suitable for
tion to the equipment grounding conductor of the circuitsuch use. If the receptacle is not of the CO/ALR type, it
supplying the receptacle or cord connector.can be connected with a copper pigtail to an aluminum

branch-circuit conductor only if the wire connector is suit- FPN: For installation requirements for the reduction of
electrical noise, see 250.146(D).able for such a connection and is marked with the letters

AL and CU. The commentary following 110.14(B) further
The branch-circuit wiring method shall include or pro-explains the suitability of wire connectors used to join copper

vide an equipment-grounding conductor to which theand aluminum conductors.
grounding contacts of the receptacle or cord connector are
connected.

(D) Isolated Ground Receptacles Receptacles incorporat- FPN No. 1: See 250.118 for acceptable grounding
ing an isolated grounding connection intended for the reduc- means.
tion of electrical noise (electromagnetic interference) as FPN No. 2: For extensions of existing branch circuits,

see 250.130.permitted in 250.146(D) shall be identified by an orange
triangle located on the face of the receptacle.

(D) Replacements Replacement of receptacles shall com-
ply with 406.3(D)(1), (D)(2), and (D)(3) as applicable.(1) Isolated Equipment Grounding Conductor Re-

quired Receptacles so identified shall be used only with (1) Grounding-Type Receptacles Where a grounding
grounding conductors that are isolated in accordance with means exists in the receptacle enclosure or a grounding
250.146(D). conductor is installed in accordance with 250.130(C),

grounding-type receptacles shall be used and shall be con-(2) Installation in Nonmetallic Boxes Isolated ground re-
nected to the grounding conductor in accordance withceptacles installed in nonmetallic boxes shall be covered
406.3(C) or 250.130(C).with a nonmetallic faceplate.
(2) Ground-Fault Circuit Interrupters Ground-fault cir-Exception: Where an isolated ground receptacle is installed
cuit-interrupter protected receptacles shall be providedin a nonmetallic box, a metal faceplate shall be permitted
where replacements are made at receptacle outlets that areif the box contains a feature or accessory that permits the
required to be so protected elsewhere in this Code.effective grounding of the faceplate.
(3) Non–grounding-Type Receptacles Where grounding
means does not exist in the receptacle enclosure, the installa-406.3 General Installation Requirements
tion shall comply with (D)(3)(a), (D)(3)(b), or (D)(3)(c).Receptacle outlets shall be located in branch circuits in accor-

dance with Part III of Article 210. General installation re- (a) A non–grounding-type receptacle(s) shall be per-
quirements shall be in accordance with 406.3(A) through mitted to be replaced with another non–grounding-type re-
406.3(F). ceptacle(s).

(b) A non–grounding-type receptacle(s) shall be per-(A) Grounding Type Receptacles installed on 15- and 20-
mitted to be replaced with a ground-fault circuit interrupter-ampere branch circuits shall be of the grounding type.
type of receptacle(s). These receptacles shall be marked ‘‘NoGrounding-type receptacles shall be installed only on circuits
Equipment Ground.’’ An equipment grounding conductorof the voltage class and current for which they are rated,
shall not be connected from the ground-fault circuit-inter-except as provided in Table 210.21(B)(2) and Table
rupter-type receptacle to any outlet supplied from the210.21(B)(3).
ground-fault circuit-interrupter receptacle.

Exception: Nongrounding-type receptacles installed in ac- (c) A non–grounding-type receptacle(s) shall be per-
cordance with 406.3(D). mitted to be replaced with a grounding-type receptacle(s)

where supplied through a ground-fault circuit interrupter.
(B) To Be Grounded Receptacles and cord connectors that Grounding-type receptacles supplied through the ground-
have grounding contacts shall have those contacts effectively fault circuit interrupter shall be marked ‘‘GFCI Protected’’
grounded. and ‘‘No Equipment Ground.’’ An equipment grounding

conductor shall not be connected between the grounding-Exception No. 1: Receptacles mounted on portable and
type receptacles.vehicle-mounted generators in accordance with 250.34.

(E) Cord-and-Plug-Connected Equipment The installa-Exception No. 2: Replacement receptacles as permitted by
406.3(D). tion of grounding-type receptacles shall not be used as a
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406.4Article 406 — Receptacles, Cord Connectors, and Attachment Plugs (Caps)

installed flush with the wall surface or where it projectsrequirement that all cord-and-plug-connected equipment be
of the grounded type. therefrom. The proper installation of receptacles helps ensure

that attachment plugs can be fully inserted, thus providing
FPN: See 250.114 for types of cord-and-plug-connected a better contact.
equipment to be grounded.

(F) Noninterchangeable Types Receptacles connected to
(C) Receptacles Mounted on Covers Receptaclescircuits that have different voltages, frequencies, or types
mounted to and supported by a cover shall be held rigidlyof current (ac or dc) on the same premises shall be of such
against the cover by more than one screw or shall be a devicedesign that the attachment plugs used on these circuits are
assembly or box cover listed and identified for securing bynot interchangeable.
a single screw.

406.4 Receptacle Mounting
Receptacles mounted on raised covers, such as the receptacleReceptacles shall be mounted in boxes or assemblies de-
illustrated in Exhibit 406.1, are not permitted to be securedsigned for the purpose, and such boxes or assemblies shall
by a single screw unless listed and identified for the use.be securely fastened in place unless otherwise permitted

elsewhere in this Code.

This section has been revised to clarify that boxes in which
receptacles are installed are not always securely fastened in
place. Receptacles in pendant boxes are permitted, provided
the box is supported from the flexible cord in accordance
with 314.23(H)(1). A pendant box that is properly suspended
is not required to be securely fastened in place.

(A) Boxes That Are Set Back Receptacles mounted in
boxes that are set back from the finished surface as permitted
in 314.20 shall be installed such that the mounting yoke or
strap of the receptacle is held rigidly at the finished surface.

Multiple screws 
required

A revision to 406.4(A) in the 2005 Code clarifies that this
Exhibit 406.1 A receptacle mounted on a raised cover.rule applies to all finished surfaces where the device box is

set back from the finished surface of a wall, a ceiling, or
other location within a building.

(D) Position of Receptacle Faces After installation, recep-
tacle faces shall be flush with or project from faceplates of

(B) Boxes That Are Flush Receptacles mounted in boxes insulating material and shall project a minimum of 0.4 mm
(0.015 in.) from metal faceplates.that are flush with the finished surface or project therefrom

shall be installed such that the mounting yoke or strap of
the receptacle is held rigidly against the box or box cover. The reason for requiring receptacles to project from metal

faceplates is to prevent faults between the blades of attach-
ment plugs and metal faceplates. The proper mounting ofTo comply with 406.4(B), the outlet box used to enclose a

receptacle must be rigidly and securely supported according faceplates ensures that attachment plugs can be fully in-
serted, thus providing a better contact. The NEC does notto 314.23(B) or 314.23(C). In addition, mounting outlet

boxes with the proper setback, according to 314.20, requires specify the position (blades up or blades down) of a common
vertically mounted 15- or 20-ampere duplex receptacle. Al-the cooperation of other construction trades (drywall install-

ers, plasterers, and carpenters) and the building designers. though many drawings in this handbook, such as Exhibit
406.1, show the slots for blades up, the receptacle may beThe intent of 406.4(A) through 406.4(C) is to allow

attachment plugs to be inserted or removed without moving installed with the slots for blades down. Receptacles can
also be installed horizontally as well as vertically. Refer tothe receptacle. Additionally, by restricting movement of the

receptacle, effective grounding continuity can be maintained 406.8(B) for information on receptacles installed in wet
locations.for contact devices or receptacle yokes where the box is
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406.5 Article 406 — Receptacles, Cord Connectors, and Attachment Plugs (Caps)

Exception No. 1: Listed kits or assemblies encompassing 2.54 mm (0.10 in.) in thickness but shall be permitted to be
less than 2.54 mm (0.10 in.) in thickness if formed or rein-receptacles and nonmetallic faceplates that cover the recep-

tacle face, where the plate cannot be installed on any other forced to provide adequate mechanical strength.
receptacle, shall be permitted.

406.6 Attachment Plugs, Cord Connectors, andException No. 2: Listed nonmetallic faceplates that cover
Flanged Surface Devicesthe receptacle face to a maximum thickness of 1 mm (0.040

in.) shall be permitted. All attachment plugs, cord connectors, and flanged surface
devices (inlets and outlets) shall be listed and marked with
the manufacturer’s name or identification and voltage andTwo exceptions have been added to 406.4(D) in the 2005
ampere ratings.Code. The first allows the use of listed kits that include the

receptacle and a nonmetallic faceplate and that have been
evaluated by a recognized testing laboratory to ensure that Section 406.6 has been revised to include requirements gov-
sufficient blade contact is achieved by the attachment plug erning the use of flanged surface inlet devices or motor base
when inserted in the receptacle. In addition, the faceplate inlet plugs, often called motor plugs.
would not fit the standard style receptacle. The second new An energized cord cap is often improperly used to sup-
exception permits the use of a faceplate with an integral ply power to a building from a portable generator when a
receptacle to cover the face of the box-mounted receptacle. power failure occurs. The revision to 406.6 in the 2005 Code
These listed faceplates can be installed with any properly is aimed at prohibiting the improper use of a cord cap, where
installed, flush-mounted device. the blades are exposed and energized, to supply power to a

cord body or plug into a receptacle to backfeed it. Prongs
or blades that are exposed to contact by persons must not

(E) Receptacles in Countertops and Similar Work Sur- be energized unless an energized cord connector is installed
faces in Dwelling Units Receptacles shall not be installed in a flanged inlet device. Exhibit 406.2 illustrates a flanged
in a face-up position in countertops or similar work surfaces. inlet device.

(F) Exposed Terminals Receptacles shall be enclosed so
that live wiring terminals are not exposed to contact.

406.5 Receptacle Faceplates (Cover Plates)
Receptacle faceplates shall be installed so as to completely
cover the opening and seat against the mounting surface.

(A) Thickness of Metal Faceplates Metal faceplates shall
be of ferrous metal not less than 0.76 mm (0.030 in.) in
thickness or of nonferrous metal not less than 1.02 mm
(0.040 in.) in thickness.

(B) Grounding Metal faceplates shall be grounded.

Section 406.5(B) requires that metal receptacle faceplates
be grounded. Generally, this requirement is easily met by
grounding the metal box. However, isolated ground recepta-
cles installed in nonmetallic boxes are problematic because
grounding the receptacle in this case does not ground the
faceplate. Section 406.2(D)(2) contains two solutions con-
cerning the receptacle faceplate. First, the general solution
is to use only nonmetallic faceplates. Second, the exception
to 406.2(D)(2) allows a nonmetallic box manufacturer to Exhibit 406.2 Flanged inlet device. (Courtesy of Pass & Sey-
add a feature or accessory to accomplish effective grounding mour/Legrand�)
of a metal faceplate.

(A) Construction of Attachment Plugs and Cord Con-
(C) Faceplates of Insulating Material Faceplates of insu- nectors Attachment plugs and cord connectors shall be con-

structed so that there are no exposed current-carrying partslating material shall be noncombustible and not less than
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406.8Article 406 — Receptacles, Cord Connectors, and Attachment Plugs (Caps)

except the prongs, blades, or pins. The cover for wire termi- For information on receptacle and attachment cap configura-
nations shall be a part that is essential for the operation of tions, see Exhibits 406.3 and 406.4 of ANSI C73 standard
an attachment plug or connector (dead-front construction). configuration charts.

(B) Connection of Attachment Plugs Attachment plugs
shall be installed so that their prongs, blades, or pins are

406.8 Receptacles in Damp or Wet Locationsnot energized unless inserted into an energized receptacle.
No receptacle shall be installed so as to require the insertion

The requirements of 406.8(A) and (B) as they apply to theof an energized attachment plug as its source of supply.
covers that are typically used with lower rated receptacles
(15 through 60 amperes) are summarized in Exhibit 406.5.

The design requirements found in 406.6(B) (referred to as
dead-front construction) minimize the occurrence of electri-
cal faults between metal plates and attachment plugs with (A) Damp Locations A receptacle installed outdoors in a
terminal screws exposed on the face of the plug. location protected from the weather or in other damp loca-

The requirements in 406.6(B) were originally found in tions shall have an enclosure for the receptacle that is weath-
product information only. However, as an aid to the inspec- erproof when the receptacle is covered (attachment plug cap
tion community, these requirements are now clearly stated not inserted and receptacle covers closed).
in the NEC. A live attachment plug cap can be a dangerous An installation suitable for wet locations shall also be
situation. Attachment plug caps should never be installed considered suitable for damp locations.
so as to allow the blades to be energized without being A receptacle shall be considered to be in a location
plugged into a device. protected from the weather where located under roofed open

porches, canopies, marquees, and the like, and will not be
subjected to a beating rain or water runoff.(C) Attachment Plug Ejector Mechanisms Attachment

plug ejector mechanisms shall not adversely affect engage-
(B) Wet Locationsment of the blades of the attachment plug with the contacts
(1) 15- and 20-Ampere Receptacles in a Wet Locationof the receptacle.
15- and 20-ampere, 125- and 250-volt receptacles installed
in a wet location shall have an enclosure that is weatherproofSection 406.6(C) permits a device that reduces the likelihood
whether or not the attachment plug cap is inserted.of damage to the cord when the cord is pulled to remove

the plug. This device is designed for use by persons with
To ensure the weatherproof integrity of the cord-and-plugmobility or visual impairment.
connection to receptacles located in a wet location,
406.8(B)(1) requires receptacle covers that provide a weath-

(D) Flanged Surface Inlet A flanged surface inlet shall be erproof enclosure at all times regardless of whether the plug
installed such that the prongs, blades, or pins are not ener- is inserted or not. The requirement for this type of cover is
gized unless an energized cord connector is inserted into it. not contingent on the anticipated use of the receptacle. This

requirement applies to all 15- and 20-ampere, 125- and 250-
volt receptacles that are installed in wet locations, includingSection 406.6(D) was added to cover flanged inlet devices
those receptacle outlets at dwelling units specified byand prohibit the prongs, blades, or pins of motor base inlet
210.52(E). Exhibits 406.6 and 406.7 are examples of theplugs from being energized before a cord body is inserted
type of receptacle enclosure required by 406.8(B)(1).in it.

406.7 Noninterchangeability (2) Other Receptacles All other receptacles installed in a
wet location shall comply with (B)(2)(a) or (B)(2)(b).Receptacles, cord connectors, and attachment plugs shall be

constructed such that receptacle or cord connectors do not
accept an attachment plug with a different voltage or current Examples of wet locations that were listed in 406.8(B)(2)(a)
rating from that for which the device is intended. However, have been deleted from the 2005 Code to eliminate the
a 20-ampere T-slot receptacle or cord connector shall be possibility of missing some locations and to emphasize that
permitted to accept a 15-ampere attachment plug of the receptacles placed on any surface, horizontal or vertical, in
same voltage rating. Non–grounding-type receptacles and a wet location require a cover of some type to prevent water
connectors shall not accept grounding-type attachment from entering the receptacle whether it is in use or not.
plugs.
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406.8 Article 406 — Receptacles, Cord Connectors, and Attachment Plugs (Caps)
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3  ∅  480V

3  ∅  600V
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3  ∅  480V

3  ∅  600V

3  ∅  Y
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3  ∅  Y

347 / 600V
3  ∅  Y
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3  ∅  Y

Note: Blank spaces reserved for future configurations.

23

22

21

20

19

18

17

16

15

14

13

12

11

10

24

9

7

6

5

4

3

2

1

8

6ALT

5ALT

15 AMPEREDESCRIPTION 20 AMPERE 30 AMPERE 50 AMPERE 60 AMPERE
RECEPTACLENE

MA
NU

MB
ER

PLUG RECEPTACLE PLUG RECEPTACLE PLUG RECEPTACLE PLUG RECEPTACLE PLUG

POLARIZED

M
AT

ES
  W

IT
H

6–
15

R

2–
15

P

M
AT

ES
  W

IT
H

5–
20

R

2–
20

P

M
AT

ES
  W

IT
H

5–
30

R

1–
30

P

2–
20

R

2–
20

P

2–
30

P
5–

30
P

5–
20

P

5–
15

P

5–
30

R

5–
20

R
5A

LT
–2

0R
6A

LT
–2

0R

5–
15

R

5–
50

R

5–
50

P

2–
30

R

1–
15

P

1–
15

R

NON
POLAR.

W
W W

W
W WWWWWW

G G GGGGGG

W

W
G

GGG

G

W W W W W W

WW W

G G
W

G

W

G
W

G G G

G G

G

G
W

W
W

W W
Y

YZ

YX

X

X

G

G G

6–
50

R

6–
50

P

6–
30

P

6–
20

P
7–

20
P

7–
20

R
 

6–
20

R
 

7–
15

P 

7–
15

R
 

24
–1

5R
 

24
–1

5P
 

24
–2

0R
 

10
–2

0R
 

11
–1

5R
 

11
–2

0R
 

14
–2

0R
 

15
–2

0R
 

14
–1

5R
 

15
–1

5R
 

14
–1

5P
 

15
–1

5P
 

11
–1

5P
 

10
–3

0R
 

10
–3

0P
 

10
–2

0P
 

11
–2

0P
 

14
–2

0P
 

15
–2

0P
 

11
–3

0R
 

14
–3

0R
 

15
–3

0R
 

11
–3

0P
 

15
–3

0P
 

14
–3

0P
 

10
–5

0R
 

11
–5

0R
 

14
–5

0R
 

15
–5

0R
 

10
–5

0P
 

11
–5

0P
 

14
–5

0P
 

15
–5

0P
 

14
–6

0P
 

15
–6

0P
 

14
–6

0R
 

15
–6

0R
 

18
–2

0R
 

18
–1

5R
 

18
–1

5P
 

18
–2

0P
 

18
–3

0R
 

18
–3

0P
 

18
–5

0R
 

18
–5

0P
 

18
–6

0P
 

18
–6

0R
 

24
–3

0R
 

24
–3

0P
 

24
–5

0R
 

24
–2

0P
 

6–
15

P 

6–
15

R

7–
30

R

7–
30

P

7–
50

R

24
–5

0P
 

7–
50

P

6–
30

R GGGG G

W

G

G

YZ
X

Y
Y

Z
Z

W W W W

Y YY

X
X

X X X X

X X

Y Z
X

Y Y Y

Y

Z Z

Z
ZZZZ

ZZZ Z

ZZ
Z

G G

GGGG

G G
X X

XX

XXX

XX

XX
Y Y

YYY

YYYYY

YY

WW

WWWWWWW

WWWWWW

Z

X

G

X

X

Y

YYY

W

G

G

GG

X

XX

YY
Y

Y

GGG

G

XX
X

X Y

G
XZ

Y

G

X

W
Y

G

X

Z
ZZZZ XXXXX

YYYYY

WWW
ZZ XX

YY

Exhibit 406.3 Configuration chart for general-purpose locking plugs and receptacles. (Reprinted
courtesy of NEMA WD 6-1997, Wiring, Devices—Dimensional Requirements, by permission of the
National Electrical Manufacturers Association, Copyright 1997)
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406.8Article 406 — Receptacles, Cord Connectors, and Attachment Plugs (Caps)
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Note: Blank spaces reserved for future configurations.
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Exhibit 406.4 Configuration chart for specific-purpose locking plugs and receptacles. (Reprinted
courtesy of NEMA WD 6-1997, Wiring Devices—Dimensional Requirements, by permission of the
National Electrical Manufacturers Association, Copyright 1997)
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406.8 Article 406 — Receptacles, Cord Connectors, and Attachment Plugs (Caps)

Exhibit 406.5 Requirements
for receptacle cover (enclo-
sure) types.

Receptacle Cover (Enclosure) Type Requirements

Cover that is not weatherproof, with
attachment plug cap inserted into
receptacle

Cover that is weatherproof, with
attachment plug cap inserted into
receptacle (“in-use” type)

Damp and Wet
Receptacle Locations

406.8(A):
Outdoor damp locations

406.8(A):
Indoor damp locations

406.8(B)(1)&(2):
Outdoor wet locations

406.8(B)(2):
Indoor wet locations

Minimum type required

Note: “In-use” type covers permitted

Minimum type required

Note: “In-use” type covers permitted

Permitted

Permitted

Required for receptacle types
other than those rated 15- and 20-
amperes, 125 and 250 volts, where
the tool, appliance, or other utiliza-
tion equipment plugged into the re-
ceptacle is attended while in use.

Note: “In-use” type covers permitted

Required for receptacle types
other than those rated 15- and 20-
amperes, 125 and 250 volts, where
the tool, appliance, or other utiliza-
tion equipment plugged into the re-
ceptacle is attended while in use.

Note: “In-use” type covers permitted

(a) Required for receptacles rated
15- and 20-amperes, 125 and 250
volts

(b) Required for receptacles
other than those rated 15- and 20-
amperes, 125 and 250 volts, where
the tool, appliance, or other utiliza-
tion equipment plugged into the re-
ceptacle is not attended while in use.

(a) Required for receptacles rated
15- and 20-amperes, 125 and 250
volts

(b) Required for receptacles
other than those rated 15- and 20-
amperes, 125 and 250 volts, where
the tool, appliance, or other utiliza-
tion equipment plugged into the re-
ceptacle is not attended while in use.

Section 406.8(B)(2)(a) applies to receptacles other than Section 406.8(B)(2)(b) applies to receptacles other than
those rated 15 and 20 amperes, 125 and 250 volts, that those rated 15 and 20 amperes, 125 and 250 volts, that
supply cord-and-plug-connected equipment likely to be used supply cord-and-plug-connected portable tools or other por-
outdoors or in a wet location for long periods of time. A table equipment likely to be used outdoors for a specific
portable pump motor is an example of such equipment. purpose and then removed.
Receptacles for this application should remain weatherproof
while they are in use.

(C) Bathtub and Shower Space Receptacles shall not be
installed within or directly over a bathtub or shower stall.(a) A receptacle installed in a wet location, where the

product intended to be plugged into it is not attended while
in use, shall have an enclosure that is weatherproof with the Section 406.8(C) prohibits the installation of receptacles
attachment plug cap inserted or removed. inside bathtub and shower spaces or above their footprint,

(b) A receptacle installed in a wet location where the even if the receptacles are installed in a weatherproof enclo-
product intended to be plugged into it will be attended while sure. Prohibiting such installation helps minimize the use
in use (e.g., portable tools) shall have an enclosure that is of shavers, radios, hair dryers, and so on, in these areas.
weatherproof when the attachment plug is removed.
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406.9Article 406 — Receptacles, Cord Connectors, and Attachment Plugs (Caps)

(D) Protection for Floor Receptacles Standpipes of floor
receptacles shall allow floor-cleaning equipment to be oper-
ated without damage to receptacles.

(E) Flush Mounting with Faceplate The enclosure for a
receptacle installed in an outlet box flush-mounted in a
finished surface shall be made weatherproof by means of a
weatherproof faceplate assembly that provides a watertight
connection between the plate and the finished surface.

The term wall surface was deleted from this section of the
2005 Code to make it clear that flush-mounted receptacle
outlets installed in walls, ceilings, or other building appurte-
nances or structures must have watertight integrity between
the faceplate and the finished surface.

406.9 Grounding-Type Receptacles, Adapters,
Cord Connectors, and Attachment Plugs
(A) Grounding Poles Grounding-type receptacles, cord
connectors, and attachment plugs shall be provided withExhibit 406.6 A single-gang weatherproof cover suitable for use
one fixed grounding pole in addition to the circuit poles. Thein wet locations. (Courtesy of Thomas & Betts Corp.)
grounding contacting pole of grounding-type plug-in ground-
fault circuit interrupters shall be permitted to be of the
movable, self-restoring type on circuits operating at not over
150 volts between any two conductors or any conductor and
ground.

(B) Grounding-Pole Identification Grounding-type re-
ceptacles, adapters, cord connections, and attachment plugs
shall have a means for connection of a grounding conductor
to the grounding pole.

A terminal for connection to the grounding pole shall
be designated by one of the following:

(1) A green-colored hexagonal-headed or -shaped terminal
screw or nut, not readily removable.

(2) A green-colored pressure wire connector body (a wire
barrel).

(3) A similar green-colored connection device, in the case
of adapters. The grounding terminal of a grounding
adapter shall be a green-colored rigid ear, lug, or similar
device. The grounding connection shall be so designed
that it cannot make contact with current-carrying parts of
the receptacle, adapter, or attachment plug. The adapter
shall be polarized.

Exhibit 406.7 A two-gang weatherproof cover suitable for use Section 406.9(B)(3) requires the grounding terminal of an
in wet locations. (Courtesy of Carlon�, Lamson & Sessions) adapter to be a green-colored ear, lug, or similar device,

thereby prohibiting use of an adapter with an attached pigtail
The unprotected-line side of GFCI-protected receptacles grounding wire, which had been used for many years.

installed in bathtub and shower spaces could possibly be-
come wet and therefore create a shock hazard by energizing

(4) If the terminal for the grounding conductor is not visible,surrounding wet surfaces.
the conductor entrance hole shall be marked with the
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406.10 Article 408 — Switchboards and Panelboards

word green or ground, the letters G or GR, a grounding ARTICLE 408
symbol, or otherwise identified by a distinctive green Switchboards and Panelboardscolor. If the terminal for the equipment grounding con-
ductor is readily removable, the area adjacent to the
terminal shall be similarly marked. Summary of Changes
FPN: See FPN Figure 406.9(B)(4). • Much of Article 408 has been reorganized and renum-

bered.

• 408.4: Revised wording to emphasize the importance of
circuit directory for the safe operation of an electrical
system and to require explicit identification of all circuitsFPN Figure 406.9(B)(4) One Example of a Symbol Used to
originating in switchboards and panelboards.Identify the Termination Point for an Equipment Grounding

Conductor. • 408.7: Added requirement that all unused openings in
switchboards and panelboards be effectively closed.

A change to 406.9(B)(4) makes the grounding symbol shown
in FPN Figure 406.9(B)(4) an example of a symbol that

Contentscan be used to identify the grounding pole of electrical
I. Generalequipment. As a ‘‘fine print note,’’ the use of this symbol

408.1 Scopeis not mandatory and other recognized symbols can be used
to identify the terminal for connection of the equipment 408.2 Other Articles
grounding conductors. A similar revision has been made in 408.3 Support and Arrangement of Busbars and
250.126. Conductors

(A) Conductors and Busbars on a Switchboard or
Panelboard(C) Grounding Terminal Use A grounding terminal or

(B) Overheating and Inductive Effectsgrounding-type device shall not be used for purposes other
(C) Used as Service Equipmentthan grounding.
(D) Terminals

(D) Grounding-Pole Requirements Grounding-type at- (E) Phase Arrangement
tachment plugs and mating cord connectors and receptacles (F) Minimum Wire-Bending Space
shall be designed such that the grounding connection is made 408.4 ircuit Directory or Circuit Identification
before the current-carrying connections. Grounding-type de- 408.5 Clearance for Conductor Entering Bus
vices shall be so designed that grounding poles of attachment Enclosures
plugs cannot be brought into contact with current-carrying 408.7 Unused Openings
parts of receptacles or cord connectors. II. Switchboards

408.16 Switchboards in Damp or Wet Locations
The grounding blade of the attachment plug cap of most 408.17 Location Relative to Easily Ignitible Material
grounding-type combinations is longer than the circuit con- 408.18 Clearances
ductor blades and is used to ensure a ‘‘make-first, break- (A) From Ceiling
last’’ grounding connection. In some non-ANSI-approved (B) Around Switchboards
pin-and-sleeve-type connections, the grounding contact of 408.19 Conductor Insulation
the receptacle is closer to the face of the receptacle than it 408.20 Location of Switchboards
is to other contacts, serving the same purpose. 408.22 Grounding of Instruments, Relays, Meters, and

Instrument Transformers on Switchboards
III. Panelboards(E) Use Grounding-type attachment plugs shall be used

408.30 Generalonly with a cord having an equipment grounding conductor.
408.34 Classification of PanelboardsFPN: See 200.10(B) for identification of grounded con-

(A) Lighting and Appliance Branch-Circuitductor terminals.
Panelboard

406.10 Connecting Receptacle Grounding (B) Power Panelboard
Terminal to Box 408.35 Number of Overcurrent Devices on One

PanelboardThe connection of the receptacle grounding terminal shall
comply with 250.146.
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408.3Article 408 — Switchboards and Panelboards

(2) Service Switchboards Barriers shall be placed in all
408.36 Overcurrent Protection service switchboards such that no uninsulated, ungrounded

(A) Lighting and Appliance Branch-Circuit service busbar or service terminal is exposed to inadvertent
Panelboard Individually Protected contact by persons or maintenance equipment while servic-

(B) Power Panelboard Protection ing load terminations.
(C) Snap Switches Related at 30 Amperes or Less
(D) Supplied Through a Transformer

Where it can be demonstrated that it is unfeasible to discon-(E) Delta Breakers
nect or de-energize the service conductors supplying a ser-(F) Back-Fed Devices
vice switchboard, qualified electricians may be required to408.37 Panelboards in Damp or Wet Locations
work on these switchboards with the load terminals de-408.38 Enclosure
energized but with the service bus energized. Barriers are408.39 Relative Arrangement of Switches and Fuses
required in service switchboards to provide physical separa-408.40 Grounding of Panelboards
tion (adequate distance or obstacle) between load terminals408.41 Grounded Conductor Terminations
and the service busbars and terminals, thus providing someIV. Construction Specifications
measure of safety against inadvertent contact with line-ener-408.50 Panels
gized parts during maintenance and installation of new feed-408.51 Busbars
ers or branch circuits. In most multisection switchboards,408.52 Protection of Instrument Circuits
barriers are not required, because the line-side conductors408.53 Component Parts
and busbars are not in the same switchboard sections that408.55 Wire-Bending Space in Panelboards
contain the load terminals.408.56 Minimum Spacings

It must be clearly understood that de-energizing the load
side of a switchboard by operation of the disconnecting

I. General means does not de-energize the ungrounded service conduc-
tors. Every effort should be made to completely disconnect408.1 Scope
power from the equipment before performing any work in-

This article covers the following: side. If complete disconnection is not feasible, the installer
should become familiar with NFPA 70E, Standard for Elec-(1) All switchboards, panelboards, and distribution boards
trical Safety in the Workplace. This industry-recognized doc-installed for the control of light and power circuits
ument provides guidance for protective equipment and(2) Battery-charging panels supplied from light or power
appropriate work rules that must be followed for workingcircuits
on energized equipment.

See the definitions of panelboard and switchboard in Article
100.

(3) Same Vertical Section Other than the required inter-
connections and control wiring, only those conductors that

408.2 Other Articles are intended for termination in a vertical section of a switch-
board shall be located in that section.Switches, circuit breakers, and overcurrent devices used on

switchboards, panelboards, and distribution boards, and their
Exception: Conductors shall be permitted to travel horizon-

enclosures shall comply with this article and also with the
tally through vertical sections of switchboards where such

requirements of Articles 240, 250, 312, 314, 404, and other
conductors are isolated from busbars by a barrier.

articles that apply. Switchboards and panelboards in hazard-
ous (classified) locations shall comply with the requirements

The exception to 408.3(A)(3) permits conductors to travelof Articles 500 through 517.
horizontally through vertical sections of a switchboard where
barriers are provided to isolate the conductors from the busb-408.3 Support and Arrangement of Busbars
ars. Horizontal travel of conductors through more than oneand Conductors
section of a multisection switchboard is necessary where a(A) Conductors and Busbars on a Switchboard or Panel-
raceway or cable entry is made into a switchboard sectionboard Conductors and busbars on a switchboard or pan-
other than the one at which the conductors are terminated.elboard shall comply with 408.3(A)(1), (A)(2), and (A)(3)

as applicable.

(B) Overheating and Inductive Effects The arrangement(1) Location Conductors and busbars shall be located so
as to be free from physical damage and shall be held firmly of busbars and conductors shall be such as to avoid overheat-

ing due to inductive effects.in place.
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408.4 Article 408 — Switchboards and Panelboards

(C) Used as Service Equipment Each switchboard or pan- to have the same phase configuration as the metering equip-
ment.elboard, if used as service equipment, shall be provided with

a main bonding jumper sized in accordance with 250.28(D) FPN: See 110.15 for requirements on marking the busbar
or the equivalent placed within the panelboard or one of the or phase conductor having the higher voltage to ground

where supplied from a 4-wire, delta-connected system.sections of the switchboard for connecting the grounded
service conductor on its supply side to the switchboard or (F) Minimum Wire-Bending Space The minimum wire-
panelboard frame. All sections of a switchboard shall be bending space at terminals and minimum gutter space pro-
bonded together using an equipment bonding conductor vided in panelboards and switchboards shall be as required
sized in accordance with Table 250.122 or Table 250.66 as in 312.6.
appropriate.

Exception: Switchboards and panelboards used as service Section 408.3(F) requires that installations in the field com-
equipment on high-impedance grounded-neutral systems in ply with 312.6. See also the commentary following 408.35,
accordance with 250.36 shall not be required to be provided which covers the size of the enclosure.
with a main bonding jumper.

408.4 Circuit Directory or Circuit Identification(D) Terminals In switchboards and panelboards, load ter-
Every circuit and circuit modification shall be legibly identi-minals for field wiring, including grounded circuit conductor
fied as to its clear, evident, and specific purpose or use. Theload terminals and connections to the ground bus for load
identification shall include sufficient detail to allow eachequipment grounding conductors, shall be so located that it
circuit to be distinguished from all others. The identificationis not necessary to reach across or beyond an uninsulated
shall be included in a circuit directory that is located on theungrounded line bus in order to make connections.
face or inside of the panel door in the case of a panelboard,

(E) Phase Arrangement The phase arrangement on and located at each switch on a switchboard.
3-phase buses shall be A, B, C from front to back, top to
bottom, or left to right, as viewed from the front of the

The requirement to provide an up-to-date, accurate, and
switchboard or panelboard. The B phase shall be that phase

legible circuit directory applies to panelboards and switch-
having the higher voltage to ground on 3-phase, 4-wire,

boards covered in Article 408. The circuit directory is an
delta-connected systems. Other busbar arrangements shall

important feature for the safe operation of an electrical sys-
be permitted for additions to existing installations and shall

tem under normal and emergency conditions. The purpose
be marked.

of an accurate and legible circuit directory in these types of
equipment is to provide clear identification of circuit break-

The high leg is common on a 240/120-volt, 3-phase, 4-wire ers and switches that may need to be operated by service
delta system. It is typically designated as ‘‘B phase.’’ Section personnel or those who need to operate a switch or circuit
110.15 requires the high-leg marking to be the color orange breaker in an emergency. This requirement is specific to
or other similar effective means of identification. Electri- switchboards and panelboards; however, the identification
cians should always test each phase to ground with suitable requirements of 110.22 apply to all disconnecting means.
equipment in order to know exactly where this high leg is Section 408.4 was revised for the 2005 Code to require
located in the system. that the identification for every circuit supplied by a pan-

The exception to 408.3(E) permits the phase leg having elboard or switchboard be legible and clearly state the spe-
the higher voltage to ground to be located at the right-hand cific purpose for which the circuit is used. Circuits used for
position (C phase), making it unnecessary to transpose the the same purpose must be identified as to their location. For
panelboard or switchboard busbar arrangement ahead of and example, small appliance branch circuits can supply outlets in
beyond a metering compartment. The exception recognizes the kitchen, dining room, and kitchen countertops. Identifying
the fact that metering compartments have been standardized the circuits as small appliance branch circuits is not accept-
with the high leg at the right position (C phase) rather than able; instead, they should be identified as ‘‘kitchen wall re-
in the center on B phase. ceptacles,’’ ‘‘dining room floor receptacle,’’ or ‘‘kitchen

See also 110.15 and 230.56 for further information on countertop receptacles left of sink.’’ Circuit directories con-
identifying conductors with the higher voltage to ground. taining multiple entries with only ‘‘lights’’ or ‘‘outlets’’ do
Other busbar arrangements for making additions to existing not provide the sufficient detail required by this section.
installations are permitted by 408.3(E).

408.5 Clearance for Conductor Entering
Bus EnclosuresException: Equipment within the same single section or

multisection switchboard or panelboard as the meter on Where conduits or other raceways enter a switchboard, floor-
standing panelboard, or similar enclosure at the bottom,3-phase, 4-wire, delta-connected systems shall be permitted
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408.20Article 408 — Switchboards and Panelboards

systems and equipment. These two requirements are neces-sufficient space shall be provided to permit installation of
conductors in the enclosure. The wiring space shall not be sary to restore the electrical equipment enclosure integrity

to a condition that minimizes the possibility of an escapingless than shown in Table 408.5 where the conduit or raceways
enter or leave the enclosure below the busbars, their supports, arc, spark, or molten metal igniting surrounding combustible

material and also minimizes the potential for accidental con-or other obstructions. The conduit or raceways, including
their end fittings, shall not rise more than 75 mm (3 in.) tact with live parts.
above the bottom of the enclosure.

II. SwitchboardsTable 408.5 Clearance for Conductors Entering
Bus Enclosures 408.16 Switchboards in Damp or Wet Locations

Switchboards in damp or wet locations shall be installed inMinimum Spacing Between Bottom of
accordance with 312.2(A).Enclosure and Busbars, Their

Supports, or Other Obstructions

Conductor mm in. 408.17 Location Relative to Easily
Ignitible Material

Insulated busbars, their 200 8
Switchboards shall be placed so as to reduce to a minimumsupports, or other

obstructions the probability of communicating fire to adjacent combusti-
Noninsulated busbars 250 10 ble materials. Where installed over a combustible floor, suit-

able protection thereto shall be provided.

One way to comply with the requirement of 408.17 is toIn the 2002 edition of the Code, the clearance requirement
form and attach a piece of sheet steel or other suitablewas located in Part II, Switchboards, and was applicable
noncombustible material to the floor under the electricalonly to switchboards. For the 2005 Code, the requirements
equipment.for clearances for conductors entering open-bottom switch-

boards was relocated to Part I, General, and now applies to
floor-standing, open-bottom panelboards as well as switch- 408.18 Clearances
boards.

(A) From Ceiling For other than a totally enclosed switch-Section 408.5 should be carefully considered in the
board, a space not less than 900 mm (3 ft) shall be providedinstallation of underground conduit or raceways that termi-
between the top of the switchboard and any combustiblenate in the open bottom of any enclosure containing busbars.
ceiling, unless a noncombustible shield is provided betweenFor example, larger sizes of conduit used for service laterals
the switchboard and the ceiling.or feeders and extending more than 3 in. above the bottom

of the enclosure are difficult to shorten. On the other hand,
(B) Around Switchboards Clearances around switch-

conduits or raceways should not be installed flush with the
boards shall comply with the provisions of 110.26.

finished floor under switchboards that are located on the
outside of buildings or in other locations where water could

Sufficient access and working space are required to permitenter the raceways.
safe operation and maintenance of switchboards. Table
110.26(A)(1) indicates minimum working clearances from
0 to 600 volts, and Table 110.34(A) is used for voltages408.7 Unused Openings
over 600 volts.

Unused openings for circuit breakers and switches shall be
closed using identified closures, or other approved means
that provide protection substantially equivalent to the wall 408.19 Conductor Insulation
of the enclosure.

An insulated conductor used within a switchboard shall be
listed, shall be flame retardant, and shall be rated not less

This new requirement for closing unused switch and circuit than the voltage applied to it and not less than the voltage
breaker openings is specific to the equipment covered within applied to other conductors or busbars with which it may
the scope of Article 408. In addition, the requirement of come in contact.
110.12(A) for closing unused cable and conduit openings
applies to all electrical enclosures including panelboard cabi- 408.20 Location of Switchboards
nets and switchboard enclosures. Unused openings often

Switchboards that have any exposed live parts shall be lo-occur during renovation and alteration of existing electrical
cated in permanently dry locations and then only where
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408.22 Article 408 — Switchboards and Panelboards

under competent supervision and accessible only to qualified or power panelboards, based on their content. A lighting
and appliance branch circuit is a branch circuit that has apersons. Switchboards shall be located such that the proba-

bility of damage from equipment or processes is reduced to connection to the neutral of the panelboard and that has
overcurrent protection of 30 amperes or less in one or morea minimum.
conductors.

408.22 Grounding of Instruments, Relays,
(A) Lighting and Appliance Branch-Circuit Panel-Meters, and Instrument Transformers
board A lighting and appliance branch-circuit panelboardon Switchboards
is one having more than 10 percent of its overcurrent devices

Instruments, relays, meters, and instrument transformers lo-
protecting lighting and appliance branch circuits.

cated on switchboards shall be grounded as specified in
250.170 through 250.178.

A lighting and appliance branch-circuit panelboard is one
in which more than 10 percent of the installed overcurrentIII. Panelboards
devices are rated 15, 20, or 30 amperes and supply circuits

408.30 General with a grounded (neutral) conductor. For example, a 24-
All panelboards shall have a rating not less than the minimum position (space for 24 full-size circuit breakers), 120/240-
feeder capacity required for the load calculated in accordance volt, residential panelboard contains 21 overcurrent devices.
with Article 220. Panelboards shall be durably marked by If three or more (10 percent of 21 � 2.1) of those overcurrent
the manufacturer with the voltage and the current rating and devices supply 15-, 20-, or 30-ampere circuits with a neutral
the number of phases for which they are designed and with conductor, the panelboard is considered to be a lighting and
the manufacturer’s name or trademark in such a manner so appliance branch-circuit panelboard. However, if 12 two-
as to be visible after installation, without disturbing the pole, 30 ampere circuit breakers for electric heat are installed
interior parts or wiring. in the panelboard, there would be no branch circuits with

neutral connections, and this panelboard therefore would beFPN: See 110.22 for additional requirements.
considered a power panelboard and subject to the overcurrent
protection requirements of 408.36(B). If the supply circuitMany panelboards are suitable for use as service equipment
to this panelboard includes a neutral conductor, overcurrentand are so marked by the manufacturer.
protection not exceeding the rating of the panelboard isListed panelboards are used with copper conductors,
required on its supply side. This overcurrent protection canunless they are marked to indicate which terminals are suit-
be located in the panelboard or, where supplied by a feeder,able for use with aluminum conductors. Such marking must
can be protected by the feeder overcurrent protective device.be independent of any marking on terminal connectors and

must appear on a wiring diagram or other readily visible
location. If all terminals are suitable for use with aluminum (B) Power Panelboard A power panelboard is one having
conductors as well as with copper conductors, the panelboard 10 percent or fewer of its overcurrent devices protecting
is marked ‘‘Use Copper or Aluminum Wire.’’ A panelboard lighting and appliance branch circuits.
using terminals or main or branch-circuit units individually
marked AL-CU is marked ‘‘Use Copper or Aluminum Wire’’

A power panelboard is a panelboard that has 10 percent oror ‘‘Use Copper Wire Only.’’ The latter marking indicates
less of the installed overcurrent devices supplying lightingthat wiring space or other factors make the panelboard un-
and appliance branch circuits. Any panelboard that is notsuitable for aluminum conductors. [See 110.14(C).]
classified as a lighting and appliance branch-circuit pan-Panelboards to which units (circuit breakers, switches,
elboard is a power panelboard. A typical power panelboardetc.) may be added in the field are marked with the name
could be located near the service and be designed to supplyor trademark of the manufacturer and the catalog number
facility feeder circuits. The feeders from a power panelboardor equivalent of those units intended for installation in the
supply other utilization equipment or other panelboards thatfield.
supply either other branch circuits or other feeders.Unless the panelboard is marked to indicate otherwise,

the termination provisions are based on the use of 60�C
ampacities for wire sizes 14 AWG through 1 AWG and 75�C 408.35 Number of Overcurrent Devices
ampacities for wire sizes 1/0 AWG and larger. on One Panelboard

Not more than 42 overcurrent devices (other than those
408.34 Classification of Panelboards provided for in the mains) of a lighting and appliance branch-

circuit panelboard shall be installed in any one cabinet orPanelboards shall be classified for the purposes of this article
as either lighting and appliance branch-circuit panelboards cutout box.
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408.36Article 408 — Switchboards and Panelboards

A lighting and appliance branch-circuit panelboard shall
be provided with physical means to prevent the installation
of more overcurrent devices than that number for which the
panelboard was designed, rated, and approved.

For the purposes of this article, a 2-pole circuit breaker
shall be considered two overcurrent devices; a 3-pole circuit
breaker shall be considered three overcurrent devices.

Class CTL is the Underwriters Laboratories Inc. designation
for the Code requirement for circuit limitation within a light-
ing and appliance branch-circuit panelboard and means ‘‘cir-
cuit limiting.’’

Class CTL panelboards incorporate physical features
that, in conjunction with the physical size, configuration,
or other means provided in Class CTL circuit breakers,
fuseholders, or fusible switches, are designed to prevent the
installation of more overcurrent protective poles than the
number for which the panelboard is designed and rated.

It should be noted that switchboards, unlike pan-
elboards, are not limited to 42 overcurrent devices or 42
switches or devices.

408.36 Overcurrent Protection
(A) Lighting and Appliance Branch-Circuit Panelboard

Exhibit 408.1 A panelboard with main circuit breaker disconnect,Individually Protected Each lighting and appliance
suitable for use as service equipment. (Courtesy of Square Dbranch-circuit panelboard shall be individually protected on
Co.)

the supply side by not more than two main circuit breakers
or two sets of fuses having a combined rating not greater

split-bus panelboard used in an individual residential occu-than that of the panelboard.
pancy be replaced if a circuit is added to the existing pan-

Exception No. 1: Individual protection for a lighting and elboard. It does mean, however, that for the installation of
appliance panelboard shall not be required if the panelboard new panelboards in new or existing residential occupancies,
feeder has overcurrent protection not greater than the rating a split-bus six-disconnect panelboard (with more than two
of the panelboard. circuit breakers or sets of fuses protecting the panelboard)

is not permitted for the service equipment.
An individual residential occupancy could be a dwellingMain overcurrent protection may be an integral part of a

panelboard or may be located remote from the panelboard. unit in a multifamily dwelling where the panelboard is used
as service equipment. See the definition of dwelling unit inSee also the commentary following 408.35. Exhibit 408.1

shows a panelboard with a 200-ampere main circuit breaker. Article 100.
Exhibit 408.3 shows the split-bus circuitry for a 200-Exhibit 408.2 illustrates overcurrent protection for the pan-

elboard feeders having a rating not greater than the rating ampere (left) and a 150-ampere (right) panelboard. The left
panel has two 100-ampere main breakers installed as discon-of the panelboard.
necting means and 200-ampere main lugs. The right is a
split-bus panel with 150-ampere main lugs and six main
breaker disconnecting means. The 150-ampere panelboardException No. 2: For existing installations, individual pro-

tection for lighting and appliance branch-circuit pan- is suitable for use as service equipment only if it is not a
lighting and appliance panelboard or if it presently exists inelboards shall not be required where such panelboards are

used as service equipment in supplying an individual resi- an individual residential occupancy.
dential occupancy.

(B) Power Panelboard Protection In addition to the re-The phrase ‘‘for existing installations’’ in Exception No. 2
quirements of 408.13, a power panelboard with supply con-refers to the existing panelboard. It is not intended that a
ductors that include a neutral, and having more than 10
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408.36 Article 408 — Switchboards and Panelboards

Exhibit 408.2 An arrange-
ment of three individual lighting
and appliance branch-circuit
panelboards with main over-
current protection remote from
the panelboards.

MLO = Main lug only

200-A
panel
MLO

200-A
panel
MLO

100-A
panel
MLO

100-A
fused
switch

200-A
fused
switch

Wireway

200 A

Neutral Neutral

100 A

100 A

150 A

30 A

50 A

30 A

30 A

30 A

100 A

Exhibit 408.3 Circuitry for a 200-ampere (left) and a 150-ampere (right) split-bus panelboard.

device in the panelboard or by an overcurrent device pro-percent of its overcurrent devices protecting branch circuits
rated 30 amperes or less, shall be protected by an overcurrent tecting the conductors that supply the panelboard. In either

case, the rating of the overcurrent device is not permittedprotective device having a rating not greater than that of
the panelboard. This overcurrent protective device shall be to exceed the rating of the panelboard. For example, a feeder

protected by a 450-ampere overcurrent device supplies alocated within or at any point on the supply side of the
panelboard. panelboard with a 600-ampere rating. Because the pan-

elboard is obviously large enough to supply the calculated
load and the overcurrent device protecting the feeder doesWhen a power panelboard is required to have overcurrent

protection, such protection can be provided by an overcurrent not exceed the rating of the panelboard, an individual over-
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408.40Article 408 — Switchboards and Panelboards

current device in the panelboard is not required. Note that 408.39 Relative Arrangement of Switches
where the panelboard is used as service equipment, the ex- and Fuses
ception to 408.36(B) allows the panelboard overcurrent pro- In panelboards, fuses of any type shall be installed on the
tection to be multiple devices in accordance with the ‘‘six- load side of any switches.
disconnect rule’’ in 230.71.

Exception: Fuses installed as part of service equipment in
accordance with the provisions of 230.94 shall be permitted
on the line side of the service switch.Exception: This individual protection shall not be required

for a power panelboard used as service equipment with
Sections 230.82 and 230.94 permit the service switch onmultiple disconnecting means in accordance with 230.71.
either the supply side or the load side of fuses such as cable

(C) Snap Switches Rated at 30 Amperes or Less Panel- limiters and other current-limiting devices. Where fuses of
boards equipped with snap switches rated at 30 amperes or panelboards are accessible to other than qualified persons,
less shall have overcurrent protection of 200 amperes or such as occupants of a multifamily dwelling, 240.40 requires
less. that disconnecting means be located on the supply side of

all fuses in circuits of over 150 volts to ground and in
cartridge-type fuses in circuits of any voltage. Thus, whenThe requirement of 408.36(C) is limited to snap switches; it
the disconnect switch is opened, the fuses are de-energized,does not apply to panelboards equipped with circuit breakers.
and danger from shock is reduced.

(D) Supplied Through a Transformer Where a pan- 408.40 Grounding of Panelboards
elboard is supplied through a transformer, the overcurrent

Panelboard cabinets and panelboard frames, if of metal, shallprotection required by 408.36(A), (B), and (C) shall be lo-
be in physical contact with each other and shall be grounded.cated on the secondary side of the transformer.
Where the panelboard is used with nonmetallic raceway or

Exception: A panelboard supplied by the secondary side cable or where separate grounding conductors are provided,
of a transformer shall be considered as protected by the a terminal bar for the grounding conductors shall be secured
overcurrent protection provided on the primary side of the inside the cabinet. The terminal bar shall be bonded to the
transformer where that protection is in accordance with cabinet and panelboard frame, if of metal; otherwise it shall
240.21(C)(1). be connected to the grounding conductor that is run with

the conductors feeding the panelboard.
(E) Delta Breakers A 3-phase disconnect or overcurrent
device shall not be connected to the bus of any panelboard

A separate equipment grounding conductor terminal barthat has less than 3-phase buses. Delta breakers shall not be
must be installed and bonded to the panelboard for the termi-installed in panelboards.
nation of feeder and branch-circuit equipment grounding
conductors. Where installed within service equipment, this(F) Back-Fed Devices Plug-in-type overcurrent protection
terminal is bonded to the neutral terminal bar. Any otherdevices or plug-in type main lug assemblies that are backfed
connection between the equipment grounding terminal barand used to terminate field-installed ungrounded supply con-
and the neutral bar, other than allowed in 250.32, is notductors shall be secured in place by an additional fastener
permitted. If this downstream connection occurs, current inthat requires other than a pull to release the device from the
the neutral or grounded conductor would take parallel pathsmounting means on the panel.
through the equipment grounding conductors (the raceway,
the building structure, or earth, for example) back to the408.37 Panelboards in Damp or Wet Locations
service equipment. Normal load currents on the equipment

Panelboards in damp or wet locations shall be installed to grounding conductors could create a shock hazard. Exposed
comply with 312.2(A). metal parts of equipment could have a potential difference

of several volts created by the load current on the grounding
408.38 Enclosure conductors. Another safety hazard created by this effect,

where subpanels are used, is arcing or loose connections atPanelboards shall be mounted in cabinets, cutout boxes, or
connectors and raceway fittings, creating a potential fireenclosures designed for the purpose and shall be dead-front.
hazard. Exhibit 408.4 illustrates the connection of the

Exception: Panelboards other than of the dead-front, exter- grounded conductor (neutral bar) to the metallic service
nally operable type shall be permitted where accessible only equipment enclosure via the main bonding jumper.
to qualified persons.
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408.41 Article 408 — Switchboards and Panelboards

A connection to only a separate grounding electrode
that places the earth in the fault return path may prevent
sufficient current for opening overcurrent protection when
a ground fault occurs. See the commentary following
250.146(D) FPN and 250.54.

408.41 Grounded Conductor Terminations
Each grounded conductor shall terminate within the pan-
elboard in an individual terminal that is not also used for
another conductor.

In accordance with their listing and the requirement of
110.14(A), conductor terminations are suitable for a single

100-A service

30 A

50 A

20 A

15 A

15 A

20 A

15 A

15 A

15 A

20 A

20 A

50 A

Neutral bar

conductor unless the terminal is marked or otherwise identi-
fied as suitable for more than one conductor. This require-

Exhibit 408.4 A split-bus lighting and appliance branch-circuit ment applies to the termination of grounded conductors in
panelboard supplying an individual residential occupancy. panelboards. The use of a single termination point within a

panelboard to connect more than one grounded conductor
or to connect a grounded conductor and an equipment

Exception: Where an isolated equipment grounding conduc- grounding conductor can be problematic when it is necessary
tor is provided as permitted by 250.146(D), the insulated to isolate a particular grounded conductor for testing pur-
equipment grounding conductor that is run with the circuit poses. For example, if the grounded conductors of two
conductors shall be permitted to pass through the panelboard branch circuits were terminated at a single connection point
without being connected to the panelboard’s equipment and it was necessary to isolate one branch circuit for the
grounding terminal bar. purposes of troubleshooting, the fact that the circuit not

being tested remains energized can create an unsafe working
Grounding conductors shall not be connected to a termi- condition for service personnel disconnecting the grounded

nal bar provided for grounded conductors (may be a neutral) conductor of the circuit that is being tested. In some cases
unless the bar is identified for the purpose and is located there are panelboard instructions that permit the use of a
where interconnection between equipment grounding con- single conductor termination for more than one equipment
ductors and grounded circuit conductors is permitted or re- grounding conductor. See 408.40 for the requirements on
quired by Article 250. panelboard terminations for grounded and equipment

grounding conductors.
The grounding of electronic equipment as well as overall
power quality is of concern to the electrical industry. Sensi-
tive electronic equipment used in industrial and commercial Exception: Grounded conductors of circuits with parallel
power systems may fail to perform properly if electrical conductors shall be permitted to terminate in a single termi-
noise is present in the equipment grounding conductor. nal if the terminal is identified for connection of more than

An isolated equipment grounding terminal is permitted one conductor.
if it is necessary for the reduction of electrical noise on the
grounding circuit. This equipment grounding terminal must IV. Construction Specifications
be grounded by an insulated equipment grounding conductor

408.50 Panelsthat is run with the circuit conductors. The isolated equip-
ment grounding conductor is also permitted to pass through The panels of switchboards shall be made of moisture-resis-
one or more panelboards (without connection to the pan- tant, noncombustible material.
elboard grounding terminal), but it is important that the
equipment grounding conductor terminate directly at the 408.51 Busbars
applicable separately derived system or service grounding Insulated or bare busbars shall be rigidly mounted.
terminal. If the isolated equipment grounding conductor is
run in a separate building, however, 250.146(D) requires the 408.52 Protection of Instrument Circuits
isolated equipment grounding conductor to terminate at a

Instruments, pilot lights, potential transformers, and otherpanelboard within the same building.
switchboard devices with potential coils shall be supplied
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408.56Article 408 — Switchboards and Panelboards

similarly sized for the largest-rated unit facing the right sideby a circuit that is protected by standard overcurrent devices
rated 15 amperes or less. of the enclosure.

Exception No. 1 to 408.55 permits either T1 or T4 (notException No. 1: Overcurrent devices rated more than 15
both) to be reduced to the space required by Table 312.6(A)amperes shall be permitted where the interruption of the
for size M conductors for a panelboard rated 225 amperescircuit could create a hazard. Short-circuit protection shall
or less.be provided.

Exception No. 2 to 408.55 permits either T1 or T4 (not
Exception No. 2: For ratings of 2 amperes or less, special both) to be reduced to the space required by Table 312.6(A)
types of enclosed fuses shall be permitted. for size M conductors for any panelboard. Exception No. 2

is valid where either T2 or T3 (or both) is sized in accordance
408.53 Component Parts with Table 312.6(B) for the largest conductor to be termi-
Switches, fuses, and fuseholders used on panelboards shall nated in either the left or the right side space. Under the
comply with the applicable requirements of Articles 240 and construction rules of 408.55, a panelboard enclosure might
404. not be of adequate size for all manner of wiring; therefore

312.6 must be considered when wiring is planned.
408.55 Wire-Bending Space in Panelboards Exception No. 3 to 408.55 permits both the top and the
The enclosure for a panelboard shall have the top and bottom bottom wire-bending space to be reduced as noted. A single
wire-bending space sized in accordance with Table 312.6(B) 90-degree bend, meaning one and only one 90-degree bend,
for the largest conductor entering or leaving the enclosure. must be present for the ungrounded conductors. A grounded
Side wire-bending space shall be in accordance with Table conductor is permitted to be wired straight in if spacing is
312.6(A) for the largest conductor to be terminated in that provided per Table 312.6(B) for the grounded conductor.
space. Exception No. 4 to 408.55 permits a reduction to the

Table 312.6(A) spacing for the top or bottom space whereException No. 1: Either the top or bottom wire-bending
no terminals face that space. In this case, the space is aspace shall be permitted to be sized in accordance with
gutter space, and measurement is on a line perpendicular toTable 312.6(A) for a lighting and appliance branch-circuit
the wall of the enclosure and to the closest barrier post orpanelboard rated 225 amperes or less.
side of a switch, fuse, or circuit breaker unit that is, or may

Exception No. 2: Either the top or bottom wire-bending be, installed. Exhibit 408.5 illustrates that exception.
space for any panelboard shall be permitted to be sized in
accordance with Table 312.6(A) where at least one side wire-
bending space is sized in accordance with Table 312.6(B) 408.56 Minimum Spacings
for the largest conductor to be terminated in any side wire-

The distance between bare metal parts, busbars, and so forthbending space.
shall not be less than specified in Table 408.56.

Exception No. 3: The top and bottom wire-bending space Where close proximity does not cause excessive heat-
shall be permitted to be sized in accordance with Table ing, parts of the same polarity at switches, enclosed fuses,
312.6(A) spacings if the panelboard is designed and con-
structed for wiring using only one single 90 degree bend
for each conductor, including the grounded circuit conductor, Table 408.56 Minimum Spacings Between Bare Metal Parts
and the wiring diagram shows and specifies the method of

Oppositewiring that shall be used.
Polarity

Exception No. 4: Either the top or the bottom wire-bending Where Opposite
Mounted on Polarityspace, but not both, shall be permitted to be sized in accor-

the Same Where Held Live Partsdance with Table 312.6(A) where there are no conductors
Surface Free in Air to Ground*terminated in that space.

Voltage mm in. mm in. mm in.
Section 408.55 covers the size of the enclosure for a pan-

Not over 125 19.1 3⁄4 12.7 1⁄2 12.7 1⁄2elboard. Using Exhibit 408.5 as a reference (see 312.6), the
volts, nominalgeneral rule calls for wire-bending spaces T1 and T4 to be

Not over 250 31.8 11⁄4 19.1 3⁄4 12.7 1⁄2in accordance with Table 312.6(B) for size M conductors
volts, nominal

(assuming these are the largest conductors entering the enclo-
Not over 600 50.8 2 25.4 1 25.4 1sure). Side wire-bending space T2 must be in accordance volts, nominal

with Table 312.6(A) for the wire size to be used with the
*For spacing between live parts and doors of cabinets, see 312.11(A)(1),largest-rated unit facing that side space, and T3 must be
(2), and (3).

National Electrical Code Handbook 2005 487

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



409.1 Article 409 — Industrial Control Panels

II. Installation
409.20 Conductor — Minimum Size and Ampacity
409.21 Overcurrent Protection

(A) General
(B) Location
(C) Rating

409.30 Disconnecting Means
409.60 Grounding

III. Construction Specifications
409.100 Enclosures
409.102 Busbars and Conductors

(A) Support and Arrangement
(B) Phase Arrangement

409.104 Wiring Space in Industrial Control Panels
(A) General
(B) Wire Bending Space

409.108 Service-Entrance Equipment
409.110 Marking

I. General
409.1 Scope

Neutral

BR3

M
N

BR2

T2
G2

T3

G3

T1

T4G4

G1

This article covers industrial control panels intended for
general use and operating at 600 volts or less.Exhibit 408.5 Panelboard wire-bending space per 312.6

and 408.55. FPN: UL 508A is a safety standard for industrial control
panels.

and so forth shall be permitted to be placed as close together
as convenience in handling will allow. Article 409 is new for the 2005 NEC and provides installation

and construction requirements for industrial control panels.Exception: The distance shall be permitted to be less than
These field- and factory-assembled control panels are usedthat specified in Table 408.56 at circuit breakers and
for the control and operation of a multitude of processes,switches and in listed components installed in switchboards
from a sewerage pump station to an industrial process line.and panelboards.
Similar in function to motor control centers in some regards,
control panels also contain control, overcurrent protection,

ARTICLE 409 and power distribution equipment for operation of industrial
heating processes, robotics, spray painting and powder coat-Industrial Control Panels
ing lines, and countless other processes.

Summary of Changes
409.2 Definition• This new article sets installation requirements to incorpo-

rate listed control components into a listed enclosure in
Section 409.2 provides a definition for industrial controla manner that produces a safe control panel for various
panel that is compatible with industry product standardsindustrial applications such as lighting controls, conveyer
such as UL 508A, Industrial Control Panels, and specifiescontrols, air-conditioning controls, etc.
that a control panel consists of two or more devices such
as motor controllers installed with related control devices,
including control relays and timers.

Contents
I. General

Industrial Control Panel. An assembly of a systematic and409.1 Scope
standard arrangement of two or more components such as409.2 Definitions
motor controllers, overload relays, fused disconnect409.3 Other Articles
switches, and circuit breakers and related control devices
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409.21Article 409 — Industrial Control Panels

such as pushbutton stations, selector switches, timers, load current rating of all resistance heating loads plus 125
percent of the full-load current rating of the highest ratedswitches, control relays, and the like with associated wiring,

terminal blocks, pilot lights, and similar components. The motor plus the sum of the full-load current ratings of all
other connected motors and apparatus based on their dutyindustrial control panel does not include the controlled

equipment. cycle that may be in operation at the same time.

409.3 Other Articles 409.21 Overcurrent Protection
In addition to the requirements of Article 409, industrial (A) General Industrial control panels shall be provided
control panels that contain branch circuits for specific loads with overcurrent protection in accordance with Parts I, II,
or components, or are for control of specific types of equip- and IX of Article 240.
ment addressed in other articles of this Code, shall be con-

(B) Location This protection shall be provided by eitherstructed and installed in accordance with the applicable
of the following:requirements from the specific articles in Table 409.3.

(1) An overcurrent protective device located ahead of theTable 409.3 Other Articles
industrial control panel.

(2) A single main overcurrent protective device locatedEquipment/Occupancy Article Section
within the industrial control panel. Where overcurrent

Branch circuits 210 protection is provided as part of the industrial control
Luminaires 410 panel, the supply conductors shall be considered as ei-
Motors, motor circuits, and 430 ther feeders or taps as covered by 240.21.

controllers
(C) Rating The rating or setting of the overcurrent protec-Air-conditioning and 440

refrigerating equipment tive device for the circuit supplying the industrial control
panel shall not be greater than the sum of the largest ratingCapacitors 460.8, 460.9
or setting of the branch-circuit short-circuit and ground-faultHazardous (classified) locations 500, 501, 502,

503, 504, 505 protective device provided with the industrial control panel,
plus 125 percent of the full-load current rating of all resis-Commercial garages; aircraft 511, 513, 514,

hangars; motor fuel 515, 516, and tance heating loads, plus the sum of the full-load currents
dispensing facilities; bulk 517 Part IV of all other motors and apparatus that could be in operation
storage plants; spray

at the same time.application, dipping, and
coating processes; and
inhalation anesthetizing The rating or setting of the overcurrent protective device
locations provided for the circuit supplying the industrial control panel

Cranes and hoists 610 is calculated by the sum of the following:
Electrically driven or controlled 675

1. The largest rating or setting of the branch-circuit andirrigation machines
ground-fault protective device installed in the industrialElevators, dumbwaiters, 620

escalators, moving walks, control panel
wheelchair lifts, and stairway 2. The sum of full-load currents of all other motors and
chair lifts apparatus that could operate simultaneously

Industrial machinery 670 3. 125 percent of the full-load current rating of all the
Resistors and reactors 470 resistance heating loads
Transformers 450

Where the control panel does not provide short-circuit andClass 1, Class 2, and Class 3 725
ground-fault protection for the motor(s) that it controls, theremote-control, signaling, and
overcurrent device installed on the line side of the controlpower-limited circuits
panel is sized in accordance with 430.52 for a single motor
or 430.53 for a group of motors.

II. Installation
409.20 Conductor — Minimum Size Exception: Where one or more instantaneous trip circuit
and Ampacity breakers or motor short-circuit protectors are used for motor

branch-circuit short-circuit and ground-fault protection asThe size of the industrial control panel supply conductor
shall have an ampacity not less than 125 percent of the full- permitted by 430.52(C), the procedure specified above for
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409.30 Article 409 — Industrial Control Panels

(A) Support and Arrangement Busbars shall be protecteddetermining the maximum rating of the protective device for
the circuit supplying the industrial control panel shall apply from physical damage and be held firmly in place.
with the following provision: For the purpose of the calcula-

(B) Phase Arrangement The phase arrangement on 3-tion, each instantaneous trip circuit breaker or motor short-
phase horizontal common power and vertical buses shall becircuit protector shall be assumed to have a rating not ex-
A, B, C from front to back, top to bottom, or left to right,ceeding the maximum percentage of motor full-load current
as viewed from the front of the industrial control panel. Thepermitted by Table 430.52 for the type of control panel
B phase shall be that phase having the higher voltage tosupply circuit protective device employed.
ground on 3-phase, 4-wire, delta-connected systems. Other
busbar arrangements shall be permitted for additions to ex-

Where no branch-circuit short-circuit and ground-fault isting installations and shall be marked.
protective device is provided with the industrial control panel
for motor or combination of motor and non-motor loads, 409.104 Wiring Space in Industrial
the rating or setting of the overcurrent protective device Control Panels
shall be based on 430.52 and 430.53, as applicable.

(A) General Industrial control panel enclosures shall not
be used as junction boxes, auxiliary gutters, or raceways for

409.30 Disconnecting Means conductors feeding through or tapping off to other switches
or overcurrent devices, unless adequate space for this pur-Disconnecting means that supply motor loads shall comply
pose is provided. The conductors shall not fill the wiringwith Part IX of Article 430.
space at any cross section to more than 40 percent of the
cross-sectional area of the space, and the conductors, splices,409.60 Grounding
and taps shall not fill the wiring space at any cross section

Multisection industrial control panels shall be bonded to- to more than 75 percent of the cross-sectional area of that
gether with an equipment grounding conductor or an equiva- space.
lent grounding bus sized in accordance with Table 250.122.

(B) Wire Bending Space Wire bending space for the mainEquipment grounding conductors shall terminate on this
supply terminals shall be in accordance with the require-grounding bus or to a grounding termination point provided
ments in 312.6. Wire bending space for other terminals shallin a single-section industrial control panel.
be in accordance with the requirements in 430.10(B). The
gutter space shall comply with 312.8.

III. Construction Specifications
409.108 Service-Entrance Equipment
Where used as service equipment, each industrial controlIn addition to the field supply wiring requirements for all
panel shall be of the type that is suitable for use as servicecontrol panels contained in Part II, construction requirements
equipment.for control panels are covered in Part III of Article 409. The

Where a grounded conductor is provided, the industrialCode does not require that control panels be listed, and Part
control panel shall be provided with a main bonding jumper,III provides the authority having jurisdiction with a set of
sized in accordance with 250.28(D), for connecting therequirements that can be used as a benchmark for approval
grounded conductor, on its supply side, to the industrialof a field-constructed control panel.
control panel equipment ground bus or terminal.

409.110 Marking409.100 Enclosures
An industrial control panel shall be marked with the follow-Table 430.91 shall be used as the basis for selecting industrial
ing information that is plainly visible after installation:control panel enclosures for use in specific locations other

than hazardous (classified) locations. The enclosures are not
Not unlike other types of electrical distribution and controlintended to protect against conditions such as condensation,
equipment, one of the primary concerns associated with aicing, corrosion, or contamination that may occur within the
group of components assembled in a common enclosure forenclosure or enter via the conduit or unsealed openings.
the purposes of operation, control, and overcurrent protec-
tion is the ability of this equipment to limit and contain the409.102 Busbars and Conductors
effects of an internal fault such as a short-circuit or ground

Industrial control panels utilizing busbars shall comply with fault in such a manner that at the very least the internal fault
409.102(A) and 409.102(B).
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409.110Article 410 — Luminaires (Lighting Fixtures), Lampholders, and Lamps

does not pose an external ignition threat. To that end, ARTICLE 410
409.110(3) requires markings on all industrial control panels Luminaires (Lighting Fixtures),
indicating their short circuit current rating.

Lampholders, and LampsIn many control panel installations, the available fault
energy at the line terminals of components within the control
panel is significant, and the absence of a short-circuit current

Summary of Changesrating and compliance therewith is a recipe for the possibility
• 410.1: Added to the scope decorative lighting products,of a failure that extends beyond the control panel enclosure.

lighting accessories for temporary seasonal and holidayNot only are there high levels of short-circuit current avail-
use, and portable flexible lighting products.able at the line terminals of many industrial control panels,

there is also an interaction of the protective and control • 410.4(D): Revised to require listing for damp locations
components under fault conditions that is assessed as part or, where subject to shower spray, wet locations.
of the evaluation of control panels by conformity testing • 410.4(E): Added section to require lamp protection for
organizations. Assembling interrelated and interactive con- mercury vapor or metal halide lamps subject to physical
trol and protective components in an enclosure presents a damage in venues such as sports arenas.
dynamic that in many cases can be evaluated for safety only

• 410.15(B): Revised to allow nonmetallic poles for supportunder strict conformity assessment guidelines.
of luminaires.However, in the case of some simple assemblies con-

• 410.18, Exception No 2: Added exception to permit GFCIsisting of a control component(s) installed in an enclosure,
protection in lieu of grounding where no equipmentthe authority having jurisdiction may not consider the assem-
grounding conductor exists at the lighting outlet.bly to be an industrial control panel and require a short-

circuit current marking where it can be determined that the • 410.73(F)(5): Added paragraph to require a lamp contain-
enclosure and component(s) have been installed in accor- ment barrier for certain types of metal halide lamps.
dance with their listing and the assembly complies with • 410.73(G): Added requirement, with exceptions, for a
110.10. For each assembly that the AHJ must approve, it is local disconnecting means, for use when servicing indoor
necessary to be keenly aware of the short-circuit current fluorescent luminaires that contain ballasts, use double-
considerations and whether there is any interaction between ended lamps, and can be serviced in place. January 1,
the assembled listed components that may impact compli- 2008, effective date.
ance with 110.10.

(1) Manufacturer’s name, trademark, or other descriptive
Contentsmarking by which the organization responsible for the

product can be identified. I. General
410.1 Scope(2) Supply voltage, phase, frequency, and full-load current.

(3) Short-circuit current rating of the industrial control 410.2 Application of Other Articles
410.3 Live Partspanel based on one of the following:

II. Luminaire (Fixture) Locationsa. Short-circuit current rating of a listed and labeled
410.4 Luminaires (Fixtures) in Specific Locationsassembly

(A) Wet and Damp Locationsb. Short-circuit current rating established utilizing an
(B) Corrosive Locationsapproved method
(C) In Ducts or Hoods
(D) Bathtub and Shower AreasFPN: UL 508A-2001, Supplement SB, is an example of
(E) Luminaires (Fixtures) in Indoor Sports, Mixed-an approved method.

Use, and All-Purpose Facilities
(4) If the industrial control panel is intended as service 410.5 Luminaires (Fixtures) Near Combustible

equipment, it shall be marked to identify it as being Material
suitable for use as service equipment. 410.6 Luminaires (Fixtures) Over Combustible

(5) Electrical wiring diagram or the number of the index Material
to the electrical drawings showing the electrical wiring 410.7 Luminaires (Fixtures) in Show Windows
diagram. 410.8 Luminaires (Fixtures) in Clothes Closets

(6) An enclosure type number shall be marked on the indus- (A) Definition
trial control panel enclosure.
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409.110 Article 410 — Luminaires (Lighting Fixtures), Lampholders, and Lamps

(B) Luminaire (Fixture) Types Permitted 410.29 Cord-Connected Showcases
(A) Cord Requirements(C) Luminaire (Fixture) Types Not Permitted

(D) Location (B) Receptacles, Connectors, and Attachment
Plugs410.9 Space for Cove Lighting

III. Provisions at Luminaire (Fixtures) Outlet Boxes, (C) Support
(D) No Other EquipmentCanopies, and Pans

410.10 Space for Conductors (E) Secondary Circuit(s)
410.30 Cord-Connected Lampholders and Luminaires410.11 Temperature Limit of Conductors in Outlet

Boxes (Fixtures)
(A) Lampholders410.12 Outlet Boxes to Be Covered

410.13 Covering of Combustible Material at Outlet (B) Adjustable Luminaires (Fixtures)
(C) Electric-Discharge Luminaires (Fixtures)Boxes

410.14 Connection of Electric-Discharge Luminaires 410.31 Luminaires (Fixtures) as Raceways
410.32 Wiring Supplying Luminaires (Fixtures)(Lighting Fixtures)

(A) Independent of the Outlet Box Connected Together
410.33 Branch Circuit Conductors and Ballasts(B) Access to Boxes

IV. Luminaire (Fixture) Supports VII. Construction of Luminaires (Fixtures)
410.34 Combustible Shades and Enclosures410.15 Supports

(A) General 410.35 Luminaire (Fixture) Rating
(A) Marking(B) Metal or Nonmetallic Poles, Supporting

Luminaires (Lighting Fixtures) (B) Electrical Rating
410.36 Design and Material410.16 Means of Support

(A) Outlet Boxes 410.37 Nonmetallic Luminaires (Fixtures)
410.38 Mechanical Strength(B) Inspection

(C) Suspended Ceilings (A) Tubing for Arms
(B) Metal Canopies(D) Luminaire (Fixture) Studs

(E) Insulating Joints (C) Canopy Switches
410.39 Wiring Space(F) Raceway Fittings

(G) Busways 410.42 Portable Lamps
(A) General(H) Trees

V. Grounding (B) Portable Handlamps
410.44 Cord Bushings410.17 General

410.18 Exposed Luminaire (Fixture) Parts 410.45 Tests
410.46 Live Parts(A) Exposed Conductive Parts

(B) Made of Insulating Material VIII. Installation of Lampholders
410.47 Screw-Shell Type410.20 Equipment Grounding Conductor Attachment

410.21 Methods of Grounding 410.48 Double-Pole Switched Lampholders
410.49 Lampholders in Wet or Damp LocationsVI. Wiring of Luminaires (Fixtures)

410.22 Luminaire (Fixture) Wiring — General IX. Construction of Lampholders
410.50 Insulation410.23 Polarization of Luminaires (Fixtures)

410.24 Conductor Insulation 410.52 Switched Lampholders
X. Lamps and Auxiliary Equipment410.27 Pendant Conductors for Incandescent Filament

Lamps 410.53 Bases, Incandescent Lamps
410.54 Electric-Discharge Lamp Auxiliary Equipment(A) Support

(B) Size (A) Enclosures
(B) Switching(C) Twisted or Cabled

410.28 Protection of Conductors and Insulation XI. Special Provisions for Flush and Recessed Luminaires
(Fixtures)(A) Properly Secured

(B) Protection Through Metal 410.64 General
410.65 Temperature(C) Luminaire (Fixture) Stems

(D) Splices and Taps (A) Combustible Material
(B) Fire-Resistant Construction(E) Stranding

(F) Tension (C) Recessed Incandescent Luminaires (Fixtures)
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410.2Article 410 — Luminaires (Lighting Fixtures), Lampholders, and Lamps

(D) Secondary Connections410.66 Clearance and Installation
410.84 Transformer Locations(A) Clearance

(A) Accessible(B) Installation
(B) Secondary Conductors410.67 Wiring
(C) Adjacent to Combustible Materials(A) General

410.85 Exposure to Damage(B) Circuit Conductors
410.86 Marking(C) Tap Conductors
410.87 SwitchesXII. Construction of Flush and Recessed Luminaires

XV. Lighting Track(Fixtures)
410.100 Definition410.68 Temperature
410.101 Installation410.70 Lamp Wattage Marking

(A) Lighting Track410.71 Solder Prohibited
(B) Connected Load410.72 Lampholders
(C) Locations Not PermittedXIII. Special Provisions for Electric-Discharge Lighting

Systems of 1000 Volts or Less (D) Support
410.73 General 410.103 Heavy-Duty Lighting Track

(A) Open-Circuit Voltage of 1000 Volts or Less 410.104 Fastening
(B) Considered as Energized 410.105 Construction Requirements
(C) Transformers of the Oil-Filled Type (A) Construction
(D) Additional Requirements (B) Grounding
(E) Thermal Protection — Fluorescent Luminaires XVI. Decorative Lighting and Similar Accessories

(Fixtures) 410.110 Listing of Decorative Lighting
(F) High-Intensity Discharge Luminaires

(Fixtures)
(G) Disconnecting Means I. General

410.74 Direct-Current Equipment
410.1 Scope410.75 Open-Circuit Voltage Exceeding 300 Volts
This article covers luminaires (lighting fixtures), lamphold-410.76 Luminaires (Fixture) Mounting
ers, pendants, incandescent filament lamps, arc lamps,(A) Exposed Ballasts
electric-discharge lamps, decorative lighting products, light-(B) Combustible Low-Density Cellulose
ing accessories for temporary seasonal and holiday use,Fiberboard
portable flexible lighting products, and the wiring and equip-410.77 Equipment Not Integral with Luminaire
ment forming part of such products and lighting installations.(Fixture)

(A) Metal Cabinets
(B) Separate Mounting The identification and installation requirements for recepta-
(C) Wired Luminaire (Fixture) Sections cles and receptacle covers that were located in Article 410,

410.78 Autotransformers Part L in previous editions of the Code were relocated in
410.79 Switches the 2002 Code to Article 406, Receptacles, Cord Connectors,

XIV. Special Provisions for Electric-Discharge Lighting and Attachment Plugs (Caps). This article consolidated re-
Systems of More Than 1000 Volts ceptacle requirements that were formerly located in Articles

410.80 General 210 and 410 into an article specifically on receptacles, cord
(A) Listing connectors, and attachment caps. See the commentary fol-
(B) Dwelling Occupancies lowing 406.1.
(C) Live Parts
(D) Additional Requirements

410.81 Control 410.2 Application of Other Articles
(A) Disconnection

Equipment for use in hazardous (classified) locations shall(B) Within Sight or Locked Type
conform to Articles 500 through 517. Lighting systems op-410.82 Lamp Terminals and Lampholders
erating at 30 volts or less shall conform to Article 411. Arc410.83 Transformers
lamps used in theaters shall comply with 520.61, and arc(A) Type
lamps used in projection machines shall comply with 540.20.(B) Voltage
Arc lamps used on constant-current systems shall comply(C) Rating
with the general requirements of Article 490.
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410.3 Article 410 — Luminaires (Lighting Fixtures), Lampholders, and Lamps

(B) Corrosive Locations Luminaires (fixtures) installed in410.3 Live Parts
corrosive locations shall be of a type suitable for such loca-Luminaires (fixtures), lampholders, and lamps shall have no
tions.live parts normally exposed to contact. Exposed accessible

terminals in lampholders and switches shall not be installed
(C) In Ducts or Hoods Luminaires (fixtures) shall be per-

in metal luminaire (fixture) canopies or in open bases of
mitted to be installed in commercial cooking hoods where

portable table or floor lamps.
all of the following conditions are met:

Exception: Cleat-type lampholders located at least 2.5 m
(1) The luminaire (fixture) shall be identified for use within(8 ft) above the floor shall be permitted to have exposed

commercial cooking hoods and installed such that theterminals.
temperature limits of the materials used are not ex-
ceeded.II. Luminaire (Fixture) Locations

(2) The luminaire (fixture) shall be constructed so that all
410.4 Luminaires (Fixtures) in exhaust vapors, grease, oil, or cooking vapors are ex-
Specific Locations cluded from the lamp and wiring compartment. Dif-

fusers shall be resistant to thermal shock.
(3) Parts of the luminaire (fixture) exposed within the hoodA pamphlet entitled Luminaires Marking Guide, available

shall be corrosion resistant or protected against corro-from Underwriters Laboratories Inc., was developed to help
sion, and the surface shall be smooth so as not to collectthe authority having jurisdiction quickly determine whether
deposits and to facilitate cleaning.common types of UL-listed fluorescent, high-intensity dis-

(4) Wiring methods and materials supplying the lumi-charge, and incandescent fixtures are installed correctly.
naire(s) [fixture(s)] shall not be exposed within the
cooking hood.

(A) Wet and Damp Locations Luminaires (fixtures) in-
FPN: See 110.11 for conductors and equipment exposed

stalled in wet or damp locations shall be installed so that to deteriorating agents.
water cannot enter or accumulate in wiring compartments,
lampholders, or other electrical parts. All luminaires (fix-

The requirement in 410.4(C)(4) was initially taken fromtures) installed in wet locations shall be marked, ‘‘Suitable
NFPA 96, Standard for Ventilation Control and Fire Protec-for Wet Locations.’’ All luminaires (fixtures) installed in
tion of Commercial Cooking Operations. NFPA 96 providesdamp locations shall be marked, ‘‘Suitable for Wet Loca-
the minimum fire safety requirements (preventive and opera-tions’’ or ‘‘Suitable for Damp Locations.’’
tive) related to the design, installation, operation, inspection,
and maintenance of all public and private cooking opera-

Where luminaires are exposed to the weather or subject to tions, except single-family residential dwellings. This cover-
water saturation, they must be of a type marked ‘‘Suitable age includes, but is not limited to, all cooking equipment,
for Wet Locations.’’ Construction, design, and installation exhaust hoods, grease removal devices, exhaust ductwork,
of these luminaires prevents the entrance of rain, snow, ice, exhaust fans, dampers, fire-extinguishing equipment, and all
and dust. Outdoor parks and parking lots, outdoor recre- other auxiliary or ancillary components or systems that are
ational areas (tennis, golf, baseball, etc.), car wash areas, involved in the capture, containment, and control of grease-
and building exteriors are examples of wet locations. laden cooking effluent.

Locations protected from the weather and not subject NFPA 96 is intended to include residential cooking
to water saturation but still exposed to moisture, such as the equipment where used for purposes other than residential
following, may be considered damp locations: family use, such as employee kitchens or break areas and

church and meeting hall kitchens, regardless of frequency1. The underside of store or gasoline station canopies or
of use.theater marquees

Grease may cause the deterioration of conductor insula-2. Some cold-storage warehouses
tion, resulting in short circuits or ground faults in wiring,3. Some agricultural buildings
hence the requirement prohibiting wiring methods and mate-4. Some basements
rials (raceways, cables, lampholders) within ducts or hoods.5. Roofed open porches and carports
Conventional enclosed and gasketed-type luminaires located
in the path of travel of exhaust products are not permittedLuminaires used in these locations must be marked ‘‘Suitable

for Damp Locations.’’ See the definitions of location, damp; because a fire could result from the high temperatures on
grease-coated glass bowls or globes enclosing the lamps.location, dry; and location, wet in Article 100.
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410.5Article 410 — Luminaires (Lighting Fixtures), Lampholders, and Lamps

Recessed or surface gasketed-type luminaires intended for
location within hoods must be identified as suitable for the
specific purpose and should be installed with the required
clearances maintained. Note that wiring systems, including
rigid metal conduit, are not permitted to be run exposed
within the cooking hood.

For further information, refer to UL 710, Standard for
Safety for Exhaust Hoods for Commercial Cooking Equip-
ment.

(D) Bathtub and Shower Areas No parts of cord-
connected luminaires (fixtures), chain-, cable-, or cord-
suspended-luminaires (fixtures), lighting track, pendants, or
ceiling-suspended (paddle) fans shall be located within a
zone measured 900 mm (3 ft) horizontally and 2.5 m (8 ft)
vertically from the top of the bathtub rim or shower stall
threshold. This zone is all encompassing and includes the
zone directly over the tub or shower stall. Luminaires (light-

Surface-mounted 
or recessed 
luminaire
(acceptable within 
or above the zone)

Securely 
mounted
wall luminaire 
permitted

Paddle fanPendant luminaire

Track
lighting

Restricted zone

Bathtub

3 ft

8 ft

ing fixtures) located in this zone shall be listed for damp
locations, or listed for wet locations where subject to shower Exhibit 410.1 Luminaires, lighting track, and suspended (pad-
spray. dle) fan located near a bathtub.

A revision of 410.4(D) clarifies that securely fastened lumi- Section 410.4(E) was added to the 2005 edition of the NEC.
naires installed in or on the ceiling or wall are permitted to There have been instances of accidental breakage of mercury
be located in the bathtub or shower area. Where they are or metal halide lamp outer jackets when such lamps are
subject to shower spray, the luminaires must be listed for a used in open luminaires in sports facilities and other similar
wet location. Luminaires installed in the tub or shower zone locations. If the lamp is damaged, glass shards can fall on
and not subject to shower spray are required to be listed for players or spectators. If the envelope is damaged, the arc
use in a damp location. GFCI protection is required only tube continues to operate even though the outer jacket may
where specified in the installation instructions for the lumi- be cracked or missing. This new section requires luminaires
naire. to have their lamps protected by a glass or plastic lens, and

The intent of 410.4(D) is to keep cord-connected, chain- it also permits an additional protective guard over the lens
hanging, or pendant luminaires and suspended fans out of cover.
the reach of an individual standing on a bathtub rim. The
list of prohibited items recognizes that the same risk of
electric shock is present for each one. 410.5 Luminaires (Fixtures) Near

Exhibit 410.1 illustrates the restricted zone in which Combustible Material
the specified luminaires, lighting track, and paddle fans are

Luminaires (fixtures) shall be constructed, installed, orprohibited. This requirement applies to hydromassage bath-
equipped with shades or guards so that combustible materialtubs, as defined in 680.2, as well as other bathtub types and
is not subjected to temperatures in excess of 90�C (194�F).shower areas. See 680.43 for installation requirements for

spas and hot tubs (as defined in 680.2) installed indoors.
Nearly every fire requires an initial heat source, an initial
fuel source, and an action that brings them together. The

(E) Luminaires (Fixtures) in Indoor Sports, Mixed-Use, requirements of 410.5, 410.6, 410.7, and 410.8 regulate only
and All-Purpose Facilities Luminaires (fixtures) subject to the placement of the heat source. It is important to remember
physical damage, using a mercury vapor or metal halide that successful fire prevention is most likely to come about
lamp, installed in playing and spectator seating areas of if the initial heat source and initial fuel source are treated
indoor sports, mixed-use, or all-purpose facilities shall be with due care. Tests have shown that hot particles from
of the type that protects the lamp with a glass or plastic broken incandescent lamps can ignite combustibles below
lens. Such luminaires (fixtures) shall be permitted to have the lamps.
an additional guard.
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410.6 Article 410 — Luminaires (Lighting Fixtures), Lampholders, and Lamps

410.6 Luminaires (Fixtures) Over
Combustible Material
Lampholders installed over highly combustible material
shall be of the unswitched type. Unless an individual switch
is provided for each luminaire (fixture), lampholders shall
be located at least 2.5 m (8 ft) above the floor or shall be
located or guarded so that the lamps cannot be readily re-
moved or damaged.

Section 410.6 refers to pendants and fixed lighting equip-
ment installed above highly combustible material. If the
lamp cannot be located out of reach, the requirement can
be met by equipping the lamp with a suitable guard. Section
410.6 does not apply to portable lamps.

410.7 Luminaires (Fixtures) in Show Windows

300 mm (12 in.)
or shelf width

600 mm
(24 in.)

600 mm
(24 in.)

1.8 m (6 ft)
 or
rod height

300 mm (12 in.)
or shelf width

300 mm
(12 in.)

300 mm
(12 in.)
or shelf
width

Chain-supported luminaires (fixtures) used in a show win-
dow shall be permitted to be externally wired. No other Figure 410.8 Closet Storage Space
externally wired luminaires (fixtures) shall be used.

410.8 Luminaires (Fixtures) in Clothes Closets rod down to the floor. This equates to the 24-in. space
required for the closet rod where there is only one direction(A) Definition
of access.

Storage Space The volume bounded by the sides and back
closet walls and planes extending from the closet floor verti-
cally to a height of 1.8 m (6 ft) or to the highest clothes- (B) Luminaire (Fixture) Types Permitted Listed lumi-
hanging rod and parallel to the walls at a horizontal distance naires (fixtures) of the following types shall be permitted
of 600 mm (24 in.) from the sides and back of the closet walls, to be installed in a closet:
respectively, and continuing vertically to the closet ceiling
parallel to the walls at a horizontal distance of 300 mm (12 (1) A surface-mounted or recessed incandescent luminaire
in.) or the width of the shelf, whichever is greater; for a (fixture) with a completely enclosed lamp
closet that permits access to both sides of a hanging rod, (2) A surface-mounted or recessed fluorescent luminaire
this space includes the volume below the highest rod ex- (fixture)
tending 300 mm (12 in.) on either side of the rod on a plane

(C) Luminaire (Fixture) Types Not Permitted Incandes-horizontal to the floor extending the entire length of the rod.
cent luminaires (fixtures) with open or partially enclosed

FPN: See Figure 410.8. lamps and pendant luminaires (fixtures) or lampholders shall
not be permitted.

The 24-in. rule is intended to cover the clothes-hanging
space, even if no clothes-hanging rod is installed. If a clothes- See the commentary following 410.8(D)(3).
hanging rod is installed, the space extends from the floor to
the top of the highest rod. If no clothes-hanging rod is in-
stalled, the space extends from the floor to a height of 6 ft. (D) Location Luminaires (fixtures) in clothes closets shall

In addition to the space in which clothing is hung from be permitted to be installed as follows:
the closet pole or rod, this requirement also establishes a

(1) Surface-mounted incandescent luminaires (fixtures) in-12-in.-wide shelf space to cover those installations where
stalled on the wall above the door or on the ceiling,shelving is not in place at the time of fixture installation. If
provided there is a minimum clearance of 300 mm (12shelving is installed and the shelves are wider than 12 in.,
in.) between the luminaire (fixture) and the nearest pointthe greater width must be applied in establishing this space.
of a storage spaceThe storage space for closets that permit access to both

(2) Surface-mounted fluorescent luminaires (fixtures) in-sides of the clothes-hanging rod is based on a horizontal
stalled on the wall above the door or on the ceiling,plane extending 12 in. from both sides of the rod, from the
provided there is a minimum clearance of 150 mm
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410.12Article 410 — Luminaires (Lighting Fixtures), Lampholders, and Lamps

(6 in.) between the luminaire (fixture) and the nearest subjected to temperatures greater than that for which the
conductors are rated.point of a storage space

(3) Recessed incandescent luminaires (fixtures) with a com- Branch-circuit wiring, other than 2-wire or multiwire
branch circuits supplying power to luminaires (fixtures) con-pletely enclosed lamp installed in the wall or the ceiling,

provided there is a minimum clearance of 150 mm nected together, shall not be passed through an outlet box
that is an integral part of a luminaire (fixture) unless the(6 in.) between the luminaire (fixture) and the nearest

point of a storage space luminaire (fixture) is identified for through-wiring.

FPN: See 410.32 for wiring supplying power to fixturesThe requirement in 410.8(D)(3) results from tests that have connected together.
shown that a hot filament falling from a broken incandescent
lamp can ignite combustible material below the luminaire

Branch-circuit conductors run to a lighting outlet box arein which the lamp is installed.
not permitted to be subjected to higher temperatures than
those temperatures for which they are rated. Take, for exam-

(4) Recessed fluorescent luminaires (fixtures) installed in ple, conductors that are rated 75�C and that are to supply a
the wall or the ceiling, provided there is a minimum ceiling outlet box for the connection of a surface-mounted
clearance of 150 mm (6 in.) between the luminaire luminaire or attached outlet box of a recessed luminaire.
(fixture) and the nearest point of a storage space The design and installation of the luminaire should be such

that the heat of the lamps does not subject the conductors
to a greater temperature than 75�C. These types of luminaireNote that the clearance measurement for each requirement
are listed by Underwriters Laboratories Inc. based on a heat-in 410.8(D) is to the luminaire and not to the lamp itself.
contributing factor of the supply conductors of not moreIt is not mandatory to install a luminaire in a clothes
than the maximum permitted lamp wattage of the luminaire.closet; if one is installed, however, the conditions for installa-

Exhibit 410.2 illustrates recessed luminaires listed bytion are as required by 410.8(D).
Underwriters Laboratories Inc. for one set of supply conduc-The requirements of 410.8(D) apply to incandescent
tors, and Exhibit 410.3 illustrates luminaires listed for aand fluorescent lighting in clothes closets of various kinds
feed-through installation.of occupancies. The requirement is intended to prevent hot

lamps or parts of broken lamps from coming in contact with
boxes, cartons, blankets, and the like, stored on shelves and
with clothing hung in closets.

410.9 Space for Cove Lighting
Coves shall have adequate space and shall be located so
that lamps and equipment can be properly installed and
maintained.

Adequate space is necessary for easy access for relamping
luminaires or replacing lampholders, ballasts, and so on;
adequate space also improves ventilation.

III. Provisions at Luminaire (Fixture)

Recessed incandescent
luminaires Branch-circuit conductors

Ceiling line

Outlet Boxes, Canopies, and Pans
410.10 Space for Conductors Exhibit 410.2 Recessed luminaires designed for branch-

circuit conductors terminating at each luminaire (no feed-Canopies and outlet boxes taken together shall provide ade-
through).quate space so that luminaire (fixture) conductors and their

connecting devices can be properly installed.

410.11 Temperature Limit of Conductors in 410.12 Outlet Boxes to Be Covered
Outlet Boxes In a completed installation, each outlet box shall be provided

with a cover unless covered by means of a luminaire (fixture)Luminaires (fixtures) shall be of such construction or in-
stalled so that the conductors in outlet boxes shall not be canopy, lampholder, receptacle, or similar device.
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410.13 Article 410 — Luminaires (Lighting Fixtures), Lampholders, and Lamps

IV. Luminaire (Fixture) Supports
410.15 Supports
(A) General Luminaires (fixtures) and lampholders shall
be securely supported. A luminaire (fixture) that weighs
more than 3 kg (6 lb) or exceeds 400 mm (16 in.) in any
dimension shall not be supported by the screw shell of a
lampholder.

(B) Metal or Nonmetallic Poles Supporting Luminaires
(Lighting Fixtures) Metal or nonmetallic poles shall be
permitted to be used to support luminaires (lighting fixtures)
and as a raceway to enclose supply conductors, provided
the following conditions are met:

Ceiling line

Recessed incandescent
luminaires Branch-circuit conductors

(1) A pole shall have a handhole not less than 50 mm �
100 mm (2 in. � 4 in.) with a raintight cover to provideExhibit 410.3 Recessed luminaires designed for feed-through
access to the supply terminations within the pole or polebranch-circuit conductors.
base.

Exception No. 1: No handhole shall be required in a pole
2.5 m (8 ft) or less in height above grade where the supply

410.13 Covering of Combustible Material at wiring method continues without splice or pull point, and
Outlet Boxes where the interior of the pole and any splices are accessible

by removing the luminaire (fixture).Any combustible wall or ceiling finish exposed between the
edge of a luminaire (fixture) canopy or pan and an outlet
box shall be covered with noncombustible material. Exception No. 1 to 410.15(B)(1) typically applies to both

landscape (bollard-type) lighting and pole lights at residen-
tial dwellings.Luminaires must be designed and installed not only to pre-

vent overheating of conductors but also to prevent overheat-
ing of adjacent combustible wall or ceiling finishes. Hence,

Exception No. 2: No handhole shall be required in a poleit is required that any combustible finish between the edge
6.0 m (20 ft) or less in height above grade that is providedof a luminaire canopy and an outlet box be covered with a
with a hinged base.noncombustible material or luminaire accessory. See 314.20

for the requirements covering combustible finishes.
Exception No. 2 to 410.15(B)(1) recognizes metal light polesWhere luminaires are not directly mounted on outlet
that do not have a handhole but instead use a hinged-baseboxes, suitable outlet box covers are required.
pole to permit access to splices made in the pole base. The
height of the pole is limited to 20 ft. Both parts of the
pole must be bonded in accordance with 250.96 (systems410.14 Connection of Electric-Discharge
operating at 250 volts or less) or 250.97 (circuits operatingLuminaires (Lighting Fixtures)
at over 250 volts), depending on the voltage of the system.(A) Independent of the Outlet Box Electric-discharge lu-

Exhibit 410.4 illustrates a metal light pole with a hingedminaires (lighting fixtures) supported independently of the
baseplate that meets the requirements of Exception No. 2outlet box shall be connected to the branch circuit through
to 410.15(B)(1). A handhole is not necessary because themetal raceway, nonmetallic raceway, Type MC cable, Type
pole can be tilted to allow access to terminations in the base.AC cable, Type MI cable, nonmetallic sheathed cable, or

by flexible cord as permitted in 410.30(B) or 410.30(C).

(2) Where raceway risers or cable is not installed within(B) Access to Boxes Electric-discharge luminaires (fix-
the pole, a threaded fitting or nipple shall be brazed,tures) surface mounted over concealed outlet, pull, or junc-
welded, or attached to the pole opposite the handholetion boxes and designed not to be supported solely by the
for the supply connection.outlet box shall be provided with suitable openings in the

(3) A metal pole shall be provided with a grounding termi-back of the luminaire (fixture) to provide access to the wiring
nal as follows:in the box.
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410.16Article 410 — Luminaires (Lighting Fixtures), Lampholders, and Lamps

and any communications, signaling, and power-limited cir-
cuits that may also be installed within the pole.

For example, where a light pole supports a luminaire
and a security camera, the security camera signaling and
power-limited wiring may be installed within the pole cavity.
Because the pole contains open circuit conductors (e.g.,
THW or XHHW conductors) to supply the luminaire already,
the separation requirements can be fulfilled by enclosing the
camera conductors within a flexible raceway and installing
that raceway within the pole. Of course, the use of a cable or
cord assembly for the lighting circuit conductors remains an
optional choice for the user. The provisions of 410.15(B)(6)
remind the user that the conductors are to be supported in ac-
cordance with 300.19, the same as a vertical raceway.

Section 410.15(B) is not intended to necessarily require
the placement of a raceway for communications cables on
the exterior of a lighting pole.

410.16 Means of Support
(A) Outlet Boxes Outlet boxes or fittings installed as re-
quired by 314.23 and complying with the provisions of
314.27(A) and 314.27(B) shall be permitted to support lumi-
naires (fixtures).

Bonding jumper

Splices

Equipment grounding conductor

Hinged-base pole

Regardless of whether a luminaire is attached to an outletExhibit 410.4 A hinged-base metal pole supporting a luminaire.
box or is supported independently of the outlet box, care
should be taken to securely fasten the outlet box or support
the independent rod or hanger to ensure that the luminaire
is securely mounted in place. The luminaire may be securelya. A pole with a handhole shall have the grounding
mounted to the box; however, if the box is not secured, itterminal accessible from the handhole.
becomes the weak link in the luminaire support.b. A pole with a hinged base shall have the grounding

terminal accessible within the base.

(B) Inspection Luminaires (fixtures) shall be installed such
Exception to (3): No grounding terminal shall be required that the connections between the luminaire (fixture) conduc-
in a pole 2.5 m (8 ft) or less in height above grade where tors and the circuit conductors can be inspected without
the supply wiring method continues without splice or pull, requiring the disconnection of any part of the wiring unless
and where the interior of the pole and any splices are accessi- the luminaires (fixtures) are connected by attachment plugs
ble by removing the luminaire (fixture). and receptacles.

(4) A metal pole with a hinged base shall have the hinged (C) Suspended Ceilings Framing members of suspended
ceiling systems used to support luminaires (fixtures) shallbase and pole bonded together.

(5) Metal raceways or other equipment grounding conduc- be securely fastened to each other and shall be securely
attached to the building structure at appropriate intervals.tors shall be bonded to the metal pole with an equipment

grounding conductor recognized by 250.118 and sized Luminaires (fixtures) shall be securely fastened to the ceiling
framing member by mechanical means such as bolts, screws,in accordance with 250.122.

(6) Conductors in vertical poles used as raceway shall be or rivets. Listed clips identified for use with the type of
ceiling framing member(s) and luminaire(s) [fixture(s)] shallsupported as provided in 300.19.
also be permitted.

In 410.15(B) metal poles are permitted to be used as a
raceway. If the pole is used as a raceway, the user is reminded Section 410.16(C) provides requirements for luminaire

installations where the luminaires are supported by ato maintain the required separation between power wiring

National Electrical Code Handbook 2005 499

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

--```,,``,`,,,`,`,`,`,,,,,,`,,,-`-`,,`,,`,`,,`---



410.17 Article 410 — Luminaires (Lighting Fixtures), Lampholders, and Lamps

410.18 Exposed Luminaire (Fixture) Partssuspended, or hung, ceiling. Where luminaires are supported
independent of a suspended ceiling, 410.16(C) does not (A) Exposed Conductive Parts Exposed metal parts shall
apply. be grounded or insulated from ground and other conducting

Section 410.16(C) requires that if clips are used to sup- surfaces or be inaccessible to unqualified personnel. Lamp
port luminaires to the framing members of a suspended tie wires, mounting screws, clips, and decorative bands on
ceiling, those clips must be of a type listed for the application. glass spaced at least 38 mm (11⁄2 in.) from lamp terminals
However, the use of listed clips for luminaire support does shall not be required to be grounded.
not complete the requirements of this section. Additionally,
the ceiling framing members must be securely attached to (B) Made of Insulating Material Luminaires (fixtures) di-
each other and to the building structure. For the support of rectly wired or attached to outlets supplied by a wiring
wiring that is located in the cavity of floor-ceiling assembl- method that does not provide a ready means for grounding
ies, see 300.11(A). This requirement applies to all luminaires shall be made of insulating material and shall have no ex-
supported by a suspended ceiling assembly, including lay- posed conductive parts.
in and surface-mounted types.

Exception No. 1: Replacement luminaires (fixtures) shall be
permitted to connect an equipment grounding conductor(D) Luminaire (Fixture) Studs Luminaire (fixture) studs
from the outlet in compliance with 250.130(C). The luminairethat are not a part of outlet boxes, hickeys, tripods, and
(fixture) shall then be grounded in accordance withcrowfeet shall be made of steel, malleable iron, or other
410.18(A).material suitable for the application.

(E) Insulating Joints Insulating joints that are not de-
The exception to 410.18(B) provides a method by which a

signed to be mounted with screws or bolts shall have an
luminaire with exposed conductive parts can be installed at

exterior metal casing, insulated from both screw connec-
an outlet where the wiring method is not an equipment

tions.
grounding conductor per 250.118 or does not provide an
equipment grounding conductor. In older installations where(F) Raceway Fittings Raceway fittings used to support a
luminaires are replaced, the requirement to ground exposedluminaire(s) [lighting fixture(s)] shall be capable of support-
metal parts of the luminaire is not negated simply becauseing the weight of the complete fixture assembly and lamp(s).
there is no means of grounding provided by the existing

(G) Busways Luminaires (fixtures) shall be permitted to wiring system. The means allowed by the exception is the
be connected to busways in accordance with 368.17(C). same as is permitted for receptacles installed at outlets where

no grounding means exists. A single grounding conductor
(H) Trees Outdoor luminaires (lighting fixtures) and asso- can be run independently of the circuit conductors, from the
ciated equipment shall be permitted to be supported by trees. outlet to a point on the wiring system where an effective

grounding connection can be made. The acceptable termina-FPN No. 1: See 225.26 for restrictions for support of
overhead conductors. tion points for this separate grounding conductor are speci-

fied by 250.130(C).

The support of overhead conductor spans on trees is prohib-
ited by 225.26.

Exception No. 2: Where no equipment grounding conductor
exists at the outlet, replacement luminaires (fixtures) that

FPN No. 2: See 300.5(D) for protection of conductors. are GFCI protected shall not be required to be connected
to an equipment grounding conductor.

Section 300.5(D) requires buried conductors and cables to
be protected from physical damage by the use of raceways

Exception No. 2 to 410.18(B) was added to the 2005 Codefrom a specified point belowgrade to a point at least 8 ft
to permit a GFCI to provide protection for personnel whereabove finish grade.
luminaires are supplied by a circuit that does not have an
equipment grounding conductor. This exception provides

V. Grounding added protection similar to that provided for receptacles
supplied from older circuits without an equipment grounding410.17 General
conductor. However, it does not allow the installation of a

Luminaires (fixtures) and lighting equipment shall be new circuit without an EGC to supply luminaires.
grounded as required in Article 250 and Part V of this article.
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410.29Article 410 — Luminaires (Lighting Fixtures), Lampholders, and Lamps

410.20 Equipment Grounding 410.28 Protection of Conductors and Insulation
Conductor Attachment (A) Properly Secured Conductors shall be secured in a

manner that does not tend to cut or abrade the insulation.Luminaires (fixtures) with exposed metal parts shall be pro-
vided with a means for connecting an equipment grounding

(B) Protection Through Metal Conductor insulation shallconductor for such luminaires (fixtures).
be protected from abrasion where it passes through metal.

410.21 Methods of Grounding (C) Luminaire (Fixture) Stems Splices and taps shall not
Luminaires (fixtures) and equipment shall be considered be located within luminaire (fixture) arms or stems.
grounded where mechanically connected to an equipment

(D) Splices and Taps No unnecessary splices or taps shallgrounding conductor as specified in 250.118 and sized in
be made within or on a luminaire (fixture).accordance with 250.122.

FPN: For approved means of making connections, seeVI. Wiring of Luminaires (Fixtures) 110.14.

410.22 Luminaire (Fixture) Wiring — General (E) Stranding Stranded conductors shall be used for wir-
Wiring on or within fixtures shall be neatly arranged and ing on luminaire (fixture) chains and on other movable or
shall not be exposed to physical damage. Excess wiring shall flexible parts.
be avoided. Conductors shall be arranged so that they are

(F) Tension Conductors shall be arranged so that thenot subjected to temperatures above those for which they
weight of the luminaire (fixture) or movable parts does notare rated.
put tension on the conductors.

410.23 Polarization of Luminaires (Fixtures)
410.29 Cord-Connected ShowcasesLuminaires (fixtures) shall be wired so that the screw shells
Individual showcases, other than fixed, shall be permittedof lampholders are connected to the same luminaire (fixture)
to be connected by flexible cord to permanently installedor circuit conductor or terminal. The grounded conductor,
receptacles, and groups of not more than six such showcaseswhere connected to a screw-shell lampholder, shall be con-
shall be permitted to be coupled together by flexible cordnected to the screw shell.
and separable locking-type connectors with one of the group
connected by flexible cord to a permanently installed recep-410.24 Conductor Insulation
tacle.Luminaires (fixtures) shall be wired with conductors having

The installation shall comply with 410.29(A) throughinsulation suitable for the environmental conditions, current,
410.29(E).voltage, and temperature to which the conductors will be

subjected. (A) Cord Requirements Flexible cord shall be of the hard-
service type, having conductors not smaller than the branch-FPN: For ampacity of luminaire (fixture) wire, maxi-

mum operating temperature, voltage limitations, mini- circuit conductors, having ampacity at least equal to the
mum wire size, and so forth, see Article 402. branch-circuit overcurrent device, and having an equipment

grounding conductor.
410.27 Pendant Conductors for Incandescent

FPN: See Table 250.122 for size of equipment groundingFilament Lamps
conductor.

(A) Support Pendant lampholders with permanently
attached leads, where used for other than festoon wiring, (B) Receptacles, Connectors, and Attachment Plugs
shall be hung from separate stranded rubber-covered conduc- Receptacles, connectors, and attachment plugs shall be of a
tors that are soldered directly to the circuit conductors but listed grounding type rated 15 or 20 amperes.
supported independently thereof.

(C) Support Flexible cords shall be secured to the under-
(B) Size Unless part of listed decorative lighting assembl- sides of showcases such that all of the following conditions
ies, pendant conductors shall not be smaller than 14 AWG are ensured:
for mogul-base or medium-base screw-shell lampholders or

(1) The wiring is not exposed to mechanical damage.smaller than 18 AWG for intermediate or candelabra-base
(2) The separation between cases is not in excess of 50 mmlampholders.

(2 in.), or more than 300 mm (12 in.) between the first
case and the supply receptacle.(C) Twisted or Cabled Pendant conductors longer than

900 mm (3 ft) shall be twisted together where not cabled (3) The free lead at the end of a group of showcases has a
female fitting not extending beyond the case.in a listed assembly.
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410.30 Article 410 — Luminaires (Lighting Fixtures), Lampholders, and Lamps

as part of the fabricated assembly. This revision helps to(D) No Other Equipment Equipment other than show-
cases shall not be electrically connected to showcases. clarify that a manufactured wiring system connector is per-

mitted to be used to supply electric-discharge luminaires in
(E) Secondary Circuit(s) Where showcases are cord- place of a grounding type attachment plug.
connected, the secondary circuit(s) of each electric-discharge Section 410.30(C)(1) applies to listed cord-and-plug-
lighting ballast shall be limited to one showcase. connected electric-discharge luminaires, such as the lumi-

naire illustrated in Exhibit 410.5, and electric-discharge lu-410.30 Cord-Connected Lampholders and
minaire assemblies. The supply cord is not permitted toLuminaires (Fixtures)
penetrate a suspended ceiling, because the cord is required

(A) Lampholders Where a metal lampholder is attached to to be continuously visible along its entire length.
a flexible cord, the inlet shall be equipped with an insulating
bushing that, if threaded, is not smaller than metric designa-
tor 12 (trade size 3⁄8) pipe size. The cord hole shall be of a
size appropriate for the cord, and all burrs and fins shall be
removed in order to provide a smooth bearing surface for
the cord.

Bushing having holes 7 mm (9⁄32 in.) in diameter shall
be permitted for use with plain pendant cord and holes 11
mm (13⁄32 in.) in diameter with reinforced cord.

Metal lampholders (brass- and aluminum-shell type) used
with flexible-cord pendants are required to be equipped with
smooth and permanently secured insulating bushings. Non-
metallic-type lampholders do not require a bushing because
the material and design afford equivalent protection.

(B) Adjustable Luminaires (Fixtures) Luminaires (fix-

Cord visible and
not under strain

Electric-discharge 
luminaire directly 
below outlet box

Cord terminated in 
attachment plug, 
busway plug, or 
manufactured wiring 
system connector

tures) that require adjusting or aiming after installation shall
not be required to be equipped with an attachment plug or Exhibit 410.5 A listed cord-and-plug-connected electric-dis-
cord connector, provided the exposed cord is of the hard- charge luminaire.
usage or extra-hard-usage type and is not longer than that
required for maximum adjustment. The cord shall not be Supply cords cannot be used as a supporting means,
subject to strain or physical damage. and the luminaires are suspended directly below the outlet

boxes supplying each luminaire. Electric-discharge lumi-(C) Electric-Discharge Luminaires (Fixtures)
naires are not permitted to be supplied by cord if they are(1) Cord-Connected Installation A listed luminaire (fix-
installed in lift-out-type suspended ceilings. If the electric-

ture) or a listed assembly shall be permitted to be cord
discharge luminaire is suspended below the lift-out-type ceil-

connected if the following conditions apply:
ing, the cord is not permitted to penetrate the ceiling. Section

(1) The luminaire (fixture) is located directly below the 400.8 further explains the uses not permitted for cords. Ac-
outlet or busway. cording to 368.17(C), Exceptions No. 2 and No. 3, electric-

(2) The flexible cord meets all the following: discharge luminaires are permitted to be connected to bus-
ways by cords plugged directly into the busway or suspendeda. Is visible for its entire length outside the luminaire
from the busway.(fixture)

b. Is not subject to strain or physical damage
c. Is terminated in a grounding-type attachment plug

(2) Provided with Mogul-Base, Screw-Shell Lampholderscap or busway plug, or is a part of a listed assembly
incorporating a manufactured wiring system connec- Electric-discharge luminaires (lighting fixtures) provided

with mogul-base, screw-shell lampholders shall be permittedtor in accordance with 604.6(C), or has a luminaire
(fixture) assembly with a strain relief and canopy to be connected to branch circuits of 50 amperes or less by

cords complying with 240.5. Receptacles and attachment
plugs shall be permitted to be of a lower ampere ratingSection 410.30(C)(1)(2)(c) was expanded for the 2005 Code
than the branch circuit but not less than 125 percent of theto include a listed manufactured wiring system connector
luminaire (fixture) full-load current.
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410.38Article 410 — Luminaires (Lighting Fixtures), Lampholders, and Lamps

(3) Equipped with Flanged Surface Inlet Electric- 90�C (194�F) unless supplying a luminaire (fixture) listed
and marked as suitable for a different insulation temperature.discharge luminaires (lighting fixtures) equipped with a

flanged surface inlet shall be permitted to be supplied by
cord pendants equipped with cord connectors. Inlets and Temperature ratings, along with other insulated conductor
connectors shall be permitted to be of a lower ampere rating specifications, are found in Table 310.13. Note the 90�C
than the branch circuit but not less than 125 percent of the rating that may be applied to Type THW conductors for
luminaire (fixture) load current. special application in electric-discharge lighting equipment.

410.31 Luminaires (Fixtures) as Raceways
Luminaires (fixtures) shall not be used as a raceway for VII. Construction of Luminaires
circuit conductors unless listed and marked for use as a

(Fixtures)raceway.
410.34 Combustible Shades and Enclosures

According to the UL Luminaire Marking Guide, luminaires Adequate airspace shall be provided between lamps and
listed for use as raceways are marked ‘‘Suitable for Use as shades or other enclosures of combustible material.
a Raceway’’ and also ‘‘Maximum of �C permitted in
raceway.’’ Without these markings, a row of luminaires con- 410.35 Luminaire (Fixture) Rating
nected end to end cannot be used as a raceway for circuit

(A) Marking All luminaires (fixtures) shall be markedconductors other than the 2-wire or multiwire circuit supply-
with the maximum lamp wattage or electrical rating, manu-ing the luminaires. Luminaires identified for use as a raceway
facturer’s name, trademark, or other suitable means of identi-have been evaluated for the heat contribution caused by
fication. A luminaire (fixture) requiring supply wire ratedadditional current-carrying conductors.
higher than 60�C (140�F) shall be marked in letters not
smaller than 6 mm (1⁄4 in.) high, prominently displayed on

410.32 Wiring Supplying Luminaires (Fixtures) the luminaire (fixture) and shipping carton or equivalent.
Connected Together

(B) Electrical Rating The electrical rating shall includeLuminaires (fixtures) designed for end-to-end connection to
the voltage and frequency and shall indicate the currentform a continuous assembly, or luminaires (fixtures) con-
rating of the unit, including the ballast, transformer, or auto-nected together by recognized wiring methods, shall be per-
transformer.mitted to contain the conductors of a 2-wire branch circuit,

or one multiwire branch circuit, supplying the connected
luminaires (fixtures) and need not be listed as a raceway. 410.36 Design and Material
One additional 2-wire branch circuit separately supplying Luminaires (fixtures) shall be constructed of metal, wood,
one or more of the connected luminaires (fixtures) shall also or other material suitable for the application and shall be
be permitted. designed and assembled so as to secure requisite mechanical

strength and rigidity. Wiring compartments, including their
The provisions of 410.32 facilitate convenient switching and entrances, shall be designed and constructed to permit con-
supply circuit arrangements for a physically continuous row ductors to be drawn in and withdrawn without physical
of luminaires or a row that is made continuous via the wiring damage.
method. A single 2-wire or a single multiwire branch circuit
supplying the luminaires is permitted to be run through the 410.37 Nonmetallic Luminaires (Fixtures)
continuous row(s), and the luminaires are not required to be

When luminaire (fixture) wiring compartments are con-
listed for use as a raceway. An additional 2-wire branch

structed from combustible material, armored or lead-covered
circuit is permitted to be run through these luminaires. This

conductors with suitable fittings shall be used or the wiring
circuit may supply only luminaires in the connected row(s)

compartment shall be lined with metal.
and is commonly employed to switch night lighting as an
energy conservation method.

410.38 Mechanical Strength
(A) Tubing for Arms Tubing used for arms and stemsFPN: See Article 100 for the definition of Multiwire
where provided with cut threads shall not be less than 1.02Branch Circuit.
mm (0.040 in.) in thickness and, where provided with rolled

410.33 Branch Circuit Conductors and Ballasts (pressed) threads, shall not be less than 0.64 mm (0.025 in.)
in thickness. Arms and other parts shall be fastened to pre-Branch-circuit conductors within 75 mm (3 in.) of a ballast

shall have an insulation temperature rating not lower than vent turning.
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410.39 Article 410 — Luminaires (Lighting Fixtures), Lampholders, and Lamps

(B) Metal Canopies Metal canopies supporting lamphold-
ers, shades, and so forth exceeding 4 kg (8 lb), or incorporat-
ing attachment-plug receptacles, shall not be less than 0.51
mm (0.020 in.) in thickness. Other canopies shall not be less
than 0.41 mm (0.016 in.) if made of steel and not less than
0.51 mm (0.020 in.) if of other metals.

(C) Canopy Switches Pull-type canopy switches shall not
be inserted in the rims of metal canopies that are less than
0.64 mm (0.025 in.) in thickness, unless the rims are rein-
forced by the turning of a bead or the equivalent. Pull-type
canopy switches, whether mounted in the rims or elsewhere
in sheet metal canopies, shall not be located more than 90
mm (31⁄2 in.) from the center of the canopy. Double set-
screws, double canopy rings, a screw ring, or equal method
shall be used where the canopy supports a pull-type switch
or pendant receptacle.

The thickness requirements in the preceding paragraph
shall apply to measurements made on finished (formed)
canopies.

410.39 Wiring Space
Bodies of luminaires (fixtures), including portable lamps,
shall provide ample space for splices and taps and for the
installation of devices, if any. Splice compartments shall be
of nonabsorbent, noncombustible material.

410.42 Portable Lamps
(A) General Portable lamps shall be wired with flexible

Exhibit 410.6 A portable handlamp with a grounded metal guardcord recognized by 400.4 and an attachment plug of the
and reflector and a swivel-type hook that permits the lamp to be

polarized or grounding type. Where used with Edison-base adjusted in different positions. (Courtesy of Daniel Woodhead
lampholders, the grounded conductor shall be identified and Co.)
attached to the screw shell and the identified blade of the
attachment plug.

(B) Portable Handlamps In addition to the provisions of 410.44 Cord Bushings
410.42(A), portable handlamps shall comply with the fol-

A bushing or the equivalent shall be provided where flexiblelowing:
cord enters the base or stem of a portable lamp. The bushing

(1) Metal shell, paper-lined lampholders shall not be used. shall be of insulating material unless a jacketed type of cord
(2) Handlamps shall be equipped with a handle of molded is used.

composition or other insulating material.
(3) Handlamps shall be equipped with a substantial guard 410.45 Tests

attached to the lampholder or handle.
All wiring shall be free from short circuits and grounds and(4) Metallic guards shall be grounded by means of an equip-
shall be tested for these defects prior to being connected toment grounding conductor run with circuit conductors
the circuit.within the power-supply cord.

(5) Portable handlamps shall not be required to be grounded
410.46 Live Partswhere supplied through an isolating transformer with

an ungrounded secondary of not over 50 volts. Exposed live parts within porcelain luminaires (fixtures)
shall be suitably recessed and located so as to make it im-
probable that wires come in contact with them. There shallSee Exhibit 410.6 for an example of a portable handlamp
be a spacing of at least 13 mm (1⁄2 in.) between live parts(drop light) meeting the requirements of 410.42.
and the mounting plane of the luminaire (fixture).
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410.54Article 410 — Luminaires (Lighting Fixtures), Lampholders, and Lamps

the center contact. The switching mechanism shall also beVIII. Installation of Lampholders
permitted to interrupt the electrical connection to the screw

410.47 Screw-Shell Type shell if the connection to the center contact is simultaneously
interrupted.Lampholders of the screw-shell type shall be installed for

use as lampholders only. Where supplied by a circuit having
X. Lamps and Auxiliary Equipmenta grounded conductor, the grounded conductor shall be con-

nected to the screw shell. 410.53 Bases, Incandescent Lamps
An incandescent lamp for general use on lighting branch

Many years ago it was common practice to install screw circuits shall not be equipped with a medium base if rated
shell lampholders with screw shell adapters in baseboards over 300 watts, or with a mogul base if rated over 1500
and walls to connect cord-connected appliances and lighting watts. Special bases or other devices shall be used for over
equipment. This now-prohibited practice permitted exposed 1500 watts.
live parts to be contacted by persons when the adapters were

410.54 Electric-Discharge Lampremoved. See 406.2(B) for permitted uses of receptacles.
Auxiliary Equipment
(A) Enclosures Auxiliary equipment for electric-discharge410.48 Double-Pole Switched Lampholders
lamps shall be enclosed in noncombustible cases and treated

Where supplied by the ungrounded conductors of a circuit, as sources of heat.
the switching device of lampholders of the switched type
shall simultaneously disconnect both conductors of the cir-

The UL General Information Electrical Equipment Direc-
cuit.

tory contains two categories for ballasts under Electric Dis-
charge Lamp Control Equipment (FKOT): fluorescent

Single-pole switching may be used to interrupt the un- ballasts (FKVS) and HID (high intensity discharge) ballasts
grounded conductor of a 2-wire circuit having one conductor (FLCR).
grounded. The grounded conductor must be connected to Fluorescent ballast enclosures are categorized by UL
the screw shell of the lampholder. as open, indoor, outdoor (both Type 1 and Type 2), and

Where a 2-wire circuit is derived from the two un- weatherproof. HID ballasts are categorized the same, except
grounded conductors of a multiwire circuit (3- or 4-wire there is no open-type ballast for HID ballasts.
system) or from the two ungrounded conductors of a 2-wire

Open Type. Open core and coil constructions (i.e., ballasts
circuit (3-wire system) and is used with switched lamphold-

without complete metal enclosures) are intended for use
ers, the switching device is required to be double-pole and

within suitable enclosures.
to simultaneously disconnect both ungrounded conductors

Indoor Ballasts. Indoor ballasts are suitable for use in anof the circuit. See 410.52 for information on the construction
indoor, dry location only.of switched lampholders.
Outdoor Ballasts. Type 1 outdoor ballasts are suitable for
use in (1) outdoor equipment, (2) fixtures intended for wet

410.49 Lampholders in Wet or Damp Locations or damp locations, or (3) an outdoor sign if the ballasts are
Lampholders installed in wet or damp locations shall be of within an overall electrical enclosure. Ballasts of this type
the weatherproof type. are marked ‘‘Type 1 Outdoor’’ or ‘‘Type 1.’’ Type 2 outdoor

ballasts are suitable for use in (1) outdoor equipment, (2)
IX. Construction of Lampholders fixtures intended for wet or damp locations, or (3) an outdoor

sign if the ballasts, in addition to their own enclosure, are410.50 Insulation
within an overall enclosure. Ballasts of this type are markedThe outer metal shell and the cap shall be lined with insulat-
‘‘Type 2 Outdoor’’ or ‘‘Type 2.’’ing material that prevents the shell and cap from becoming
Weatherproof Ballasts. Weatherproof ballasts are suitablea part of the circuit. The lining shall not extend beyond the
for use where completely exposed to the weather withoutmetal shell more than 3 mm (1⁄8 in.) but shall prevent any
an additional enclosure and are marked ‘‘Weatherproof’’ orcurrent-carrying part of the lamp base from being exposed
‘‘WP.’’when a lamp is in the lampholding device.

410.52 Switched Lampholders (B) Switching Where supplied by the ungrounded conduc-
tors of a circuit, the switching device of auxiliary equipmentSwitched lampholders shall be of such construction that the

switching mechanism interrupts the electrical connection to shall simultaneously disconnect all conductors.
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410.64 Article 410 — Luminaires (Lighting Fixtures), Lampholders, and Lamps

Exception No. 1: Thermal protection shall not be requiredXI. Special Provisions for Flush and
in a recessed luminaire (fixture) identified for use and in-Recessed Luminaires (Fixtures)
stalled in poured concrete.

Exception No. 2: Thermal protection shall not be required
in a recessed luminaire (fixture) whose design, construction,Formal Interpretation 81-6
and thermal performance characteristics are equivalent to
a thermally protected luminaire (fixture) and are identifiedReference: Article 410, Part XI
as inherently protected.

Question: Is it intended that fixtures installed in suspended
ceilings be subject to the requirements of Part XI of Article Recessed incandescent luminaires without thermal protec-
410?

tion are not permitted unless they are listed and identified as
providing equivalent temperature protection by constructionAnswer: Yes.
design.

Issue Edition: 1981 Exhibit 410.7 illustrates a listed Type IC recessed lumi-
naire installed in direct contact with thermal insulation. Ther-

Reference: 410, Part XI mal protection is provided to deactivate the lamp should the
luminaire be mislamped so that it overheats.

Issue Date: October 1982

410.64 General
Luminaires (fixtures) installed in recessed cavities in walls
or ceilings shall comply with 410.65 through 410.72.

410.65 Temperature
(A) Combustible Material Luminaires (fixtures) shall be
installed so that adjacent combustible material will not be
subjected to temperatures in excess of 90�C (194�F).

(B) Fire-Resistant Construction Where a luminaire (fix-
ture) is recessed in fire-resistant material in a building of
fire-resistant construction, a temperature higher than 90�C

Thermal insulation

Attic space

Ceiling Listed Type IC recessed luminaire

(194�F) but not higher than 150�C (302�F) shall be consid-
ered acceptable if the luminaire (fixture) is plainly marked

Exhibit 410.7 A listed Type IC recessed luminaire suitable forthat it is listed for that service.
use in insulated ceilings installed in direct contact with thermal
insulation. (Redrawn courtesy of Thomas Industries Inc.)

(C) Recessed Incandescent Luminaires (Fixtures) Incan-
descent luminaires (fixtures) shall have thermal protection
and shall be identified as thermally protected.

410.66 Clearance and Installation
(A) ClearanceBecause many recessed incandescent luminaires are suitable
(1) Non-Type IC A recessed luminaire (fixture) that is notfor a wide variety of lamp sizes and types and finish trims,
identified for contact with insulation shall have all recessedthe temperature close to the lamp can vary widely. Therefore,
parts spaced not less than 13 mm (1⁄2 in.) from combustiblemany manufacturers have chosen to locate thermal protec-
materials. The points of support and the trim finishing offtors away from the source of heat, such as in the outlet box,
the opening in the ceiling or wall surface shall be permittedand to design the protector so that it detects a change in
to be in contact with combustible materials.temperature resulting from the addition of thermal insulation

around the luminaire. This design prevents nuisance tripping
(2) Type IC A recessed luminaire (fixture) that is identifiedof the protector (as a result of changing lamp wattage, for
for contact with insulation, Type IC, shall be permitted toexample) but still provides protection against overheating
be in contact with combustible materials at recessed parts,arising from thermal insulation around a recessed luminaire
points of support, and portions passing through or finishingnot designed for such use.
off the opening in the building structure.

2005 National Electrical Code Handbook506

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

--```,,``,`,,,`,`,`,`,,,,,,`,,,-`-`,,`,,`,`,,`---



410.73Article 410 — Luminaires (Lighting Fixtures), Lampholders, and Lamps

(B) Installation Thermal insulation shall not be installed designed for an open-circuit voltage of 1000 volts or less
shall be of a type intended for such service.above a recessed luminaire (fixture) or with 75 mm (3 in.)

of the recessed luminaire’s (fixture’s) enclosure, wiring com-
(B) Considered as Energized The terminals of an electric-partment, or ballast unless it is identified for contact with
discharge lamp shall be considered as energized where anyinsulation, Type IC.
lamp terminal is connected to a circuit of over 300 volts.

410.67 Wiring
(C) Transformers of the Oil-Filled Type Transformers of

(A) General Conductors that have insulation suitable for the oil-filled type shall not be used.
the temperature encountered shall be used.

(D) Additional Requirements In addition to complying
(B) Circuit Conductors Branch-circuit conductors that with the general requirements for luminaires (lighting fix-
have an insulation suitable for the temperature encountered tures), such equipment shall comply with Part XIII of this
shall be permitted to terminate in the luminaire (fixture). article.

(C) Tap Conductors Tap conductors of a type suitable for
(E) Thermal Protection — Fluorescent

the temperature encountered shall be permitted to run from
Luminaires (Fixtures)

the luminaire (fixture) terminal connection to an outlet box
(1) Integral Thermal Protection The ballast of a fluores-placed at least 300 mm (1 ft) from the luminaire (fixture).
cent luminaire (fixture) installed indoors shall have integralSuch tap conductors shall be in suitable raceway or Type
thermal protection. Replacement ballasts shall also haveAC or MC cable of at least 450 mm (18 in.) but not more
thermal protection integral with the ballast.than 1.8 m (6 ft) in length.

(2) Simple Reactance Ballasts A simple reactance ballastXII. Construction of Flush and Recessed
in a fluorescent luminaire (fixture) with straight tubular

Luminaires (Fixtures) lamps shall not be required to be thermally protected.
410.68 Temperature

(3) Exit Fixtures A ballast in a fluorescent exit luminaire
Luminaires (fixtures) shall be constructed such that adjacent (fixture) shall not have thermal protection.
combustible material is not subject to temperatures in excess
of 90�C (194�F). (4) Egress Luminaires (Fixtures) A ballast in a fluores-

cent luminaire (fixture) that is used for egress lighting and
410.70 Lamp Wattage Marking energized only during a failure of the normal supply shall

not have thermal protection.Incandescent lamp luminaires (fixtures) shall be marked to
indicate the maximum allowable wattage of lamps. The
markings shall be permanently installed, in letters at least Thermal protection that is integral with the ballast is required
6 mm (1⁄4 in.) high, and shall be located where visible during for fluorescent luminaires installed indoors. Thermally pro-
relamping. tected ballasts are required as replacements for nonthermally

protected ballasts in older fixtures. Thermally protected fluo-
410.71 Solder Prohibited rescent lamp ballasts intended for use in accordance with

410.73(E) are marked ‘‘Class P.’’No solder shall be used in the construction of a luminaire
Because different Class P ballasts have different heating(fixture) box.

characteristics, the heating characteristics should be consid-
ered when selecting replacements for nonthermally protected410.72 Lampholders
ballasts. This type of ballast protection is set to open theLampholders of the screw-shell type shall be of porcelain
circuit at a predetermined temperature, to prevent abnormalor other suitable insulating materials. Where used, cements
ballast heat buildup caused by a fault in one or more of theshall be of the high-heat type.
ballast components or by some lampholder or wiring fault.

Section 410.73(E)(3) exempts exit sign fixtures from theXIII. Special Provisions for Electric-
thermal protection requirement because overheating during

Discharge Lighting Systems of high ambient conditions could cause the thermal protection
to operate. This action could impair evacuation during a1000 Volts or Less
fire.410.73 General

Section 410.73(E)(4) exempts egress lighting from the
(A) Open-Circuit Voltage of 1000 Volts or Less Equip- thermal protection requirement for the same reason that exit
ment for use with electric-discharge lighting systems and
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410.73 Article 410 — Luminaires (Lighting Fixtures), Lampholders, and Lamps

signs are exempt. However, this exemption applies to egress vided with a physical means that only allows the use of a
lamp that is Type O.lighting that is energized only during the emergency condi-

tion.
Exhibit 410.8 illustrates a reactance-type ballast used Section 410.73(F)(5) was added to the 2005 Code because

in series with a preheat-type fluorescent lamp 30 watts or of fire reports from different agencies. Metal halide lamps
less. This type of ballast does not require thermal protection, have been identified as the likely cause of ignition in several
and the luminaire may be equipped with automatic-type recent major fires by insurers of large industrial facilities.
starters (such as used with medicine cabinet luminaires) or HID lighting fixtures can create an ignition source when
a manual momentary contact starter (such as used with desk physical damage occurs to the arc tube in open luminaires.
lamps and some small under-cabinet luminaires). Lamp types that are suitable for use in open luminaires

(those that do not require lamp enclosures) are classified by
the lamp manufacturers as Type O or Type S. Type-O lamps
are provided with a shroud around the arc tube and are
containment-tested in accordance with ANSI C78.387, Elec-
tric Lamps — Metal-Halide Lamps — Methods of Measuring
Characteristics, and are rated for use in open luminaires.
The Code now requires luminaires that use a metal halide
lamp to have either a containment barrier that encloses the
lamp or some means that allows only a Type-O lamp to be
installed in the luminaire.

FPN: See ANSI Standard C78.387, American National
Standard for Electric Lamps — Metal Halide Lamps,
Methods of Measuring Characteristics.

Control 
switch

Power supplySeries 
reactor

Starter

Preheat-type fluorescent 
lamp (less than 30 watts)

(G) Disconnecting Means In indoor locations, other than
dwellings and associated accessory structures, fluorescentExhibit 410.8 The circuitry for a simple reactance-type ballast

for fluorescent lighting. luminaires (fixtures) that utilize double-ended lamps and
contain ballast(s) that can be serviced in place or ballasted
luminaires that are supplied from multiwire branch circuits

(F) High-Intensity Discharge Luminaires (Fixtures) and contain ballast(s) that can be serviced in place shall
have a disconnecting means either internal or external to(1) Recessed Recessed high-intensity luminaires (fixtures)
each luminaire (fixture), to disconnect simultaneously fromdesigned to be installed in wall or ceiling cavities shall have
the source of supply all conductors of the ballast, includingthermal protection and be identified as thermally protected.
the grounded conductor if any. The line side terminals of
the disconnecting means shall be guarded. The disconnecting(2) Inherently Protected Thermal protection shall not be
means shall be located so as to be accessible to qualifiedrequired in a recessed high-intensity luminaire (fixture)
persons before servicing or maintaining the ballast. Thiswhose design, construction, and thermal performance char-
requirement shall become effective January 1, 2008.acteristics are equivalent to a thermally protected luminaire

(fixture) and are identified as inherently protected.

Section 410.73(G) was added to the 2005 Code with an
(3) Installed in Poured Concrete Thermal protection shall

effective date of January 1, 2008. It requires a disconnecting
not be required in a recessed high-intensity discharge lumi-

means for the following types of fluorescent luminaires that
naire (fixture) identified for use and installed in poured

can be serviced in place:
concrete.

1. Luminaires that utilize double ended lamps
(4) Recessed Remote Ballasts A recessed remote ballast 2. Luminaires containing a ballast(s) and supplied from
for a high-intensity discharge luminaire (fixture) shall have multiwire branch circuits
thermal protection that is integral with the ballast and be

The disconnect can be either inside or outside the luminaireidentified as thermally protected.
and must disconnect all supply conductors simultaneously,

(5) Metal Halide Lamp Containment Luminaires (fix- including the grounded conductor if one is provided. Excep-
tures) that use a metal halide lamp other than a thick-glass tions are provided for; hazardous (classified) locations,
parabolic reflector lamp (PAR) shall be provided with a emergency illumination, cord-and-plug connected lumi-
containment barrier that encloses the lamp, or shall be pro-

2005 National Electrical Code Handbook508

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

--```,,``,`,,,`,`,`,`,,,,,,`,,,-`-`,,`,,`,`,,`---



410.77Article 410 — Luminaires (Lighting Fixtures), Lampholders, and Lamps

naires, industrial facilities, and luminaires not supplied by ballasts or transformers will not be in contact with combusti-
ble material.a multiwire branch circuit and in which disconnection does

not leave the illuminated space in total darkness.
(B) Combustible Low-Density Cellulose Fiberboard
Where a surface-mounted luminaire (fixture) containing a

Exception No. 1: A disconnecting means shall not be re- ballast is to be installed on combustible low-density cellulose
quired for luminaires (fixtures) installed in hazardous (clas- fiberboard, it shall be listed for this condition or shall be
sified) location(s). spaced not less than 38 mm (11⁄2 in.) from the surface of the

fiberboard. Where such luminaires (fixtures) are partially orException No. 2: A disconnecting means shall not be re-
wholly recessed, the provisions of 410.64 through 410.72quired for emergency illumination required in 700.16.
shall apply.Exception No. 3: For cord-and-plug-connected luminaires,

an accessible separable connector or an accessible plug and FPN: Combustible low-density cellulose fiberboard in-
receptacle shall be permitted to serve as the disconnecting cludes sheets, panels, and tiles that have a density of 320

kg/m3 (20 lb/ft3) or less and that are formed of bondedmeans.
plant fiber material but does not include solid or lami-Exception No. 4: A disconnecting means shall not be re-
nated wood or fiberboard that has a density in excess of

quired in industrial establishments with restricted public 320 kg/m3 (20 lb/ft3) or is a material that has been inte-
access where conditions of maintenance and supervision grally treated with fire-retarding chemicals to the degree

that the flame spread in any plane of the material willensure that only qualified persons service the installation
not exceed 25, determined in accordance with tests forby written procedures.
surface burning characteristics of building materials. See

Exception No. 5: Where more than one luminaire is installed ANSI/ASTM E84-1997, Test Method for Surface Burn-
and supplied by other than a multiwire branch circuit, a ing Characteristics of Building Materials.
disconnecting means shall not be required for every lumi-
naire when the design of the installation includes locally Fluorescent lamp luminaires intended for mounting on com-
accessible disconnects, such that the illuminated space can- bustible low-density cellulose fiberboard ceilings have been
not be left in total darkness. evaluated with thermal insulation above the ceiling in the

vicinity of the luminaire and are marked ‘‘Suitable for Sur-
410.74 Direct-Current Equipment face Mounting on Combustible Low-Density Cellulose Fi-
Luminaires (fixtures) installed on dc circuits shall be berboard.’’
equipped with auxiliary equipment and resistors designed Fluorescent lamp luminaires not so marked may be
for dc operation. The luminaires (fixtures) shall be marked directly mounted against a ceiling surface constructed of a
for dc operation. material other than combustible low-density fiberboard or

may be spaced not less than 11⁄2 in. from the surface of the
410.75 Open-Circuit Voltage Exceeding low-density fiberboard.
300 Volts
Equipment having an open-circuit voltage exceeding 300
volts shall not be installed in dwelling occupancies unless 410.77 Equipment Not Integral with
such equipment is designed so that there will be no exposed Luminaire (Fixture)
live parts when lamps are being inserted, are in place, or (A) Metal Cabinets Auxiliary equipment, including reac-
are being removed. tors, capacitors, resistors, and similar equipment, where not

installed as part of a luminaire (lighting fixture) assembly,
Luminaires intended for use in nondwelling occupancies are shall be enclosed in accessible, permanently installed metal
so marked. This marking usually indicates that the luminaire cabinets.
has maintenance features that are considered beyond the

(B) Separate Mounting Separately mounted ballasts thatcapabilities of the ordinary homeowner or that the luminaire
are intended for direct connection to a wiring system shallinvolves voltages in excess of those permitted by this Code
not be required to be separately enclosed.for dwelling occupancies. For other references to voltage

limitations within dwelling units, see 210.6(A), 210.6(B),
(C) Wired Luminaire (Fixture) Sections Wired luminaireand 410.80(B).
(fixture) sections are paired, with a ballast(s) supplying a
lamp or lamps in both. For interconnection between paired

410.76 Luminaire (Fixture) Mounting units, it shall be permissible to use metric designator 12
(trade size 3⁄8) flexible metal conduit in lengths not exceeding(A) Exposed Ballasts Luminaires (fixtures) that have ex-

posed ballasts or transformers shall be installed so that such 7.5 m (25 ft), in conformance with Article 348. Luminaire
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410.78 Article 410 — Luminaires (Lighting Fixtures), Lampholders, and Lamps

(C) Live Parts The terminal of an electric-discharge lamp(fixture) wire operating at line voltage, supplying only the
ballast(s) of one of the paired luminaires (fixtures), shall be shall be considered as a live part.
permitted in the same raceway as the lamp supply wires of

(D) Additional Requirements In addition to complyingthe paired luminaires (fixtures).
with the general requirements for luminaires (lighting fix-
tures), such equipment shall comply with Part XIV of thisWired luminaire sections are shipped in pairs and marked
article.for use in pairs. Each individual unit includes lamps in odd-

numbered quantities (one or three is most common), with FPN: For signs and outline lighting, see Article 600.
the odd lamp in each luminaire supplied by a two-lamp
ballast located in one luminaire of the pair. Two-lamp ballasts

410.81 Control
are more energy efficient than single-lamp or three-lamp

(A) Disconnection Luminaires (fixtures) or lamp installa-ballasts.
tion shall be controlled either singly or in groups by an
externally operable switch or circuit breaker that opens all
ungrounded primary conductors.410.78 Autotransformers

An autotransformer that is used to raise the voltage to more
(B) Within Sight or Locked Type The switch or circuit

than 300 volts, as part of a ballast for supplying lighting
breaker shall be located within sight from the luminaires

units, shall be supplied only by a grounded system.
(fixtures) or lamps, or it shall be permitted elsewhere if it
is provided with a means for locking in the open position.

410.79 Switches
Snap switches shall comply with 404.14. The requirement in 410.81(B) is intended to help protect the

service person from the disconnecting means being turned on
or closed while the equipment is being serviced.XIV. Special Provisions for Electric-

Discharge Lighting Systems of
More Than 1000 Volts 410.82 Lamp Terminals and Lampholders

Parts that must be removed for lamp replacement shall be
Sections 410.80 through 410.87 apply to interior electric- hinged or held captive. Lamps or lampholders shall be de-
discharge neon tube–type lighting that contains neon, he- signed so that there are no exposed live parts when lamps
lium, or argon gas, with or without mercury, at low vapor are being inserted or removed.
pressure; long-length fluorescent tube lighting requiring
more than 1000 volts; and cold-cathode fluorescent lamp

410.83 Transformersinstallations arranged to operate with several tubes in series.
(A) Type Transformers shall be enclosed, identified for the
use, and listed.

410.80 General
(B) Voltage The secondary-circuit voltage shall not exceed(A) Listing Electric-discharge lighting systems with an
15,000 volts, nominal, under any load condition. The voltage

open-circuit voltage exceeding 1000 volts shall be listed and
to ground of any output terminals of the secondary circuit

installed in conformance with that listing.
shall not exceed 7500 volts, under any load conditions.

(B) Dwelling Occupancies Equipment that has an open-
(C) Rating Transformers shall have a secondary short-circuit voltage exceeding 1000 volts shall not be installed
circuit current rating of not more than 150 mA if the open-in or on dwelling occupancies.
circuit voltage is over 7500 volts, and not more than 300
mA if the open-circuit voltage rating is 7500 volts or less.

Section 410.80(B) specifically prohibits electric-discharge
lighting systems, such as high-intensity-discharge and fluo- (D) Secondary Connections Secondary circuit outputs
rescent lighting, that have an open-circuit voltage greater shall not be connected in parallel or in series.
than 1000 volts to be installed in dwelling occupancies.
These lighting systems are often used as decorative lighting 410.84 Transformer Locations
as well as for outline lighting and signs. Installation of neon

(A) Accessible Transformers shall be accessible after in-tubing as an art form is covered by Article 600.
stallation.
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410.101Article 410 — Luminaires (Lighting Fixtures), Lampholders, and Lamps

(B) Connected Load The connected load on lighting track(B) Secondary Conductors Transformers shall be in-
stalled as near to the lamps as practicable to keep the second- shall not exceed the rating of the track. Lighting track shall

be supplied by a branch circuit having a rating not moreary conductors as short as possible.
than that of the track.

(C) Adjacent to Combustible Materials Transformers
shall be located so that adjacent combustible materials are Section 220.43(B) addresses track lighting loads.
not subjected to temperatures in excess of 90�C (194�F). The volt-ampere (VA) load for 2 ft of track is 150 VA

because a value of 150 VA is more consistent with standard
lamp values for 2 ft of track. It should be understood that410.85 Exposure to Damage
220.43(B) is not intended to limit the number of feet ofLamps shall not be located where normally exposed to physi-
track on a single branch circuit, nor is it intended to limitcal damage.
the number of fixtures on an individual track. Rather,
220.43(B) is intended to be used for load calculations of

410.86 Marking feeders and services.
Each luminaire (fixture) or each secondary circuit of tubing

Examplehaving an open-circuit voltage of over 1000 volts shall have
Suppose a lighting plan shows 62.5 ft of single circuit light-a clearly legible marking in letters not less than 6 mm (1⁄4
ing track for a small department store featuring clothing.in.) high reading ‘‘Caution volts.’’ The voltage indi-
Because the actual track luminaires are owner supplied,cated shall be the rated open-circuit voltage.
neither the quantity of track luminaires nor the lamp size is
specified. What is the minimum calculated load associated

410.87 Switches with the lighting track that must be added to the service or
Snap switches shall comply with 404.4. feeder supplying this store?

SolutionRefer to 600.32(A) for wiring methods for electric-discharge
According to 220.43(B), the minimum calculated load to beneon tube–type lighting.
added to the service or feeder supplying this track light
installation is determined as follows:

XV. Lighting Track 62.5 ft � 2 ft � 31.25 ft (round up to 32)
410.100 Definition 32 � 150 VA � 4800 VA
Lighting Track. A manufactured assembly designed to sup-

The minimum load that must be added to the service orport and energize luminaires (lighting fixtures) that are capa-
feeder is 4800 VA.ble of being readily repositioned on the track. Its length can

It is important to note that the branch circuits supplyingbe altered by the addition or subtraction of sections of track.
this installation are covered in 410.101(B). For the lighting
track branch-circuit load, the maximum load on the track

410.101 Installation cannot exceed the rating of the branch circuit supplying the
(A) Lighting Track Lighting track shall be permanently track. Also, the track must be supplied by a branch circuit
installed and permanently connected to a branch circuit. having a rating not exceeding the rating of the track. The
Only lighting track fittings shall be installed on lighting track length does not enter into the branch-circuit calculation.
track. Lighting track fittings shall not be equipped with
general-purpose receptacles.

(C) Locations Not Permitted Lighting track shall not be
A lighting track fitting differs from a fitting as defined in installed in the following locations:
Article 100 in that it usually performs both an electrical and

(1) Where likely to be subjected to physical damagea mechanical function. Such assemblies are not intended
(2) In wet or damp locationsto be used for locating convenience receptacles or as an
(3) Where subject to corrosive vaporsalternative for required receptacle outlets such as those re-
(4) In storage battery roomsquired in 210.62 for show windows. Lighting track can be
(5) In hazardous (classified) locationsremoved and relocated and therefore is not a substitute for
(6) Where concealedrequired outlets.
(7) Where extended through walls or partitions
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410.103 Article 411 — Lighting Systems Operating at 30 Volts or Less

(8) Less than 1.5 m (5 ft) above the finished floor except Section 410.110 was added to the 2005 Code to require
where protected from physical damage or track op- decorative lighting and their accessories to be listed.
erating at less than 30 volts rms open-circuit voltage

(9) Where prohibited by 410.4(D)

ARTICLE 411Low-voltage lighting track operating at less than 30 volts
is permitted to be installed less than 5 ft above the floor. Lighting Systems Operating at

30 Volts or Less
(D) Support Fittings identified for use on lighting track
shall be designed specifically for the track on which they Summary of Changes
are to be installed. They shall be securely fastened to the

• 411.4(A)(2): Added new provision permitting concealedtrack, shall maintain polarization and grounding, and shall
wiring where supplied by a listed Class 2 power source.be designed to be suspended directly from the track.

• 411.5(C): Revised to limit the use of bare conductors and
current-carrying parts to indoor use only.410.103 Heavy-Duty Lighting Track

Heavy-duty lighting track is lighting track identified for use
exceeding 20 amperes. Each fitting attached to a heavy-duty
lighting track shall have individual overcurrent protection.

Contents
411.1 Scope410.104 Fastening
411.2 Definition

Lighting track shall be securely mounted so that each fasten- 411.3 Listing Required
ing is suitable for supporting the maximum weight of lumi- 411.4 Locations Not Permitted
naires (fixtures) that can be installed. Unless identified for 411.5 Secondary Circuits
supports at greater intervals, a single section 1.2 m (4 ft) or (A) Grounding
shorter in length shall have two supports, and, where in- (B) Isolation
stalled in a continuous row, each individual section of not (C) Bare Conductors
more than 1.2 m (4 ft) in length shall have one additional 411.6 Branch Circuit
support. 411.7 Hazardous (Classified) Locations

410.105 Construction Requirements
411.1 Scope(A) Construction The housing for the lighting track sys-

tem shall be of substantial construction to maintain rigidity. This article covers lighting systems operating at 30 volts or
The conductors shall be installed within the track housing, less and their associated components.
permitting insertion of a luminaire (fixture), and designed
to prevent tampering and accidental contact with live parts. Article 411 addresses low-voltage lighting systems. Article
Components of lighting track systems of different voltages 411 is intended to cover low-voltage interior lighting and
shall not be interchangeable. The track conductors shall be low-voltage exterior (landscape) lighting installations. It
a minimum 12 AWG or equal and shall be copper. The track covers systems operating at 30 volts rms or 42.4 volts peak
system ends shall be insulated and capped. or less, having a maximum output of 600 VA.

(B) Grounding Lighting track shall be grounded in accor-
dance with Article 250, and the track sections shall be se- 411.2 Definition
curely coupled to maintain continuity of the circuitry,

Lighting Systems Operating at 30 Volts or Less. A light-polarization, and grounding throughout.
ing system consisting of an isolating power supply operating
at 30 volts (42.4 volts peak) or less under any load condition,XVI. Decorative Lighting and Similar
with one or more secondary circuits, each limited to 25Accessories amperes maximum, supplying luminaires (lighting fixtures)
and associated equipment identified for the use.410.110 Listing of Decorative Lighting

Decorative lighting and similar accessories used for holiday
411.3 Listing Requiredlighting and similar purposes, in accordance with 590.3(B),

shall be listed. Lighting systems operating at 30 volts or less shall be listed.
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411.7Article 422 — Appliances

411.4 Locations Not Permitted ARTICLE 422
Lighting systems operating at 30 volts or less shall not be Appliances
installed in the locations described in 411.4(A) and 411.4(B).

Summary of ChangesThe installation requirements of 411.4 recognize that shock
and fire hazards still exist, even with low-voltage systems, • 422.12: Added Exception No. 2 permitting permanently
and this section was expanded in the 2005 Code to be more connected air-conditioning equipment on the same branch
specific. Low-voltage illumination systems are allowed to circuit with central heating equipment.
be installed concealed or extending through a wall, provided • 422.13: Added requirement that storage-type water heat-
the system is installed in accordance either with one of the ers with a capacity of 120 gal or less be considered a
wiring methods in Chapter 3 or with Section 725.52 and is continuous load.
supplied from a listed Class 2 power supply. These systems

• 422.16(B)(4): Added new section permitting range hoods
are not allowed to be installed within 10 ft of pools, spas,

to be cord-and-plug connected under specified conditions.
fountains, or similar locations, unless allowed by Article

• 422.18: Revised to defer to 314.27(D) for weight restric-680.
tions on outlet boxes supporting ceiling paddle fans.

• 422.31(B): Added new last sentence requiring the provi-
(A) Where concealed or extended through a building wall sion for locking be permanently installed on or at the
unless permitted in (1) or (2): circuit breaker or switch used as the disconnecting means

and remain in place with or without the lock installed.
(1) Installed using any of the wiring methods specified in

• 422.51: Added requirement for GFCI protection of cord-Chapter 3
and-plug-connected vending machines, effective for ma-(2) Installed using wiring supplied by a listed Class 2 power
chines manufactured or re-manufactured on or after Janu-source and installed in accordance with 725.52
ary 1, 2005.

(B) Where installed within 3.0 m (10 ft) of pools, spas,
fountains, or similar locations, unless permitted by Article
680.

Contents
411.5 Secondary Circuits I. General

422.1 Scope(A) Grounding Secondary circuits shall not be grounded.
422.3 Other Articles

(B) Isolation The secondary circuit shall be insulated from 422.4 Live Parts
the branch circuit by an isolating transformer. II. Installation

422.10 Branch-Circuit Rating
(C) Bare Conductors Exposed bare conductors and (A) Individual Circuits
current-carrying parts shall be permitted for indoor installa- (B) Circuits Supplying Two or More Loads
tions only. Bare conductors shall not be installed less than 422.11 Overcurrent Protection
2.1 m (7 ft) above the finished floor, unless specifically (A) Branch-Circuit Overcurrent Protection
listed for a lower installation height. (B) Household-Type Appliances with Surface

Heating Elements
(C) Infrared Lamp Commercial and IndustrialThe permission to use bare conductors for low-voltage illu-

Heating Appliancesmination is now limited to indoor installations only.
(D) Open-Coil or Exposed Sheathed-Coil Types of

Surface Heating Elements in Commercial-Type
Heating Appliances411.6 Branch Circuit

(E) Single Non-motor-Operated ApplianceLighting systems operating at 30 volts or less shall be sup-
(F) Electric Heating Appliances Employingplied from a maximum 20-ampere branch circuit.

Resistance-Type Heating Elements Rated More
Than 48 Amperes411.7 Hazardous (Classified) Locations

(G) Motor-Operated Appliances
Where installed in hazardous (classified) locations, these 422.12 Central Heating Equipment
systems shall conform with Articles 500 through 517 in 422.13 Storage-Type Water Heaters
addition to this article.
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422.1 Article 422 — Appliances

V. Marking422.14 Infrared Lamp Industrial Heating Appliances
422.60 Nameplate422.15 Central Vacuum Outlet Assemblies

(A) Nameplate Marking422.16 Flexible Cords
(B) To Be Visible(A) General

422.61 Marking of Heating Elements(B) Specific Appliances
422.62 Appliances Consisting of Motors and Other422.17 Protection of Combustible Material

Loads422.18 Support of Ceiling-Suspended (Paddle) Fans
(A) Nameplate Horsepower Markings422.20 Other Installation Methods
(B) Additional Nameplate MarkingsIII. Disconnecting Means

422.30 General
422.31 Disconnection of Permanently Connected I. GeneralAppliances

(A) Rated at Not Over 300 Volt-Amperes or 1/8 422.1 Scope
Horsepower This article covers electric appliances used in any occupancy.

(B) Appliances Rated Over 300 Volt-Amperes or 1/
8 Horsepower

Article 422 covers electric appliances that may be used in422.32 Disconnecting Means for Motor-Driven
a dwelling unit or in commercial and industrial locations.

Appliance
It also covers appliances that may be fastened in place or

422.33 Disconnection of Cord-and-Plug-Connected
be cord-and-plug-connected, such as air-conditioning units,

Appliances
dishwashers, heating appliances, water heaters, infrared

(A) Separable Connector or an Attachment Plug and
heating lamps, and so on. See 422.3 for the requirements

Receptacle
of other articles. Also see Article 100 for the definition of

(B) Connection at the Rear Base of a Range
appliance.

(C) Rating
422.34 Unit Switch(es) as Disconnecting Means

(A) Multifamily Dwellings 422.3 Other Articles
(B) Two-Family Dwellings The requirements of Article 430 shall apply to the installation
(C) One-Family Dwellings of motor-operated appliances, and the requirements of Arti-
(D) Other Occupancies cle 440 shall apply to the installation of appliances con-

422.35 Switch and Circuit Breaker to Be Indicating taining a hermetic refrigerant motor-compressor(s), except
IV. Construction as specifically amended in this article.

422.40 Polarity in Cord-and-Plug-Connected
Appliances 422.4 Live Parts

422.41 Cord-and-Plug-Connected Appliances Subject
Appliances shall have no live parts normally exposed to

to Immersion
contact other than those parts functioning as open-resistance

422.42 Signals for Heated Appliances
heating elements, such as the heating element of a toaster,

422.43 Flexible Cords
which are necessarily exposed.

(A) Heater Cords
(B) Other Heating Appliances II. Installation

422.44 Cord-and-Plug-Connected Immersion
422.10 Branch-Circuit RatingHeaters

422.45 Stands for Cord-and-Plug-Connected This section specifies the ratings of branch circuits capable
Appliances of carrying appliance current without overheating under the

422.46 Flatirons conditions specified.
422.47 Water Heater Controls
422.48 Infrared Lamp Industrial Heating Appliances Conductors that form integral parts of appliances are tested

(A) 300 Watts or Less as part of the listing or labeling process.
(B) Over 300 Watts

422.49 High-Pressure Spray Washers
(A) Individual Circuits The rating of an individual branch422.50 Cord-and-Plug-Connected Pipe Heating
circuit shall not be less than the marked rating of the appli-Assemblies
ance or the marked rating of an appliance having combined422.51 Cord-and-Plug-Connected Vending Machines
loads as provided in 422.62.
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422.11Article 422 — Appliances

(E) Single Non–Motor-Operated Appliance If the branchThe rating of an individual branch circuit for motor-
operated appliances not having a marked rating shall be in circuit supplies a single non–motor-operated appliance, the

rating of overcurrent protection shall:accordance with Part II of Article 430.
The branch-circuit rating for an appliance that is contin-

(1) Not exceed that marked on the appliance;
uously loaded, other than a motor-operated appliance, shall

(2) Not exceed 20 amperes if the overcurrent protection
not be less than 125 percent of the marked rating, or not

rating is not marked and the appliance is rated 13.3
less than 100 percent of the marked rating if the branch-

amperes or less; or
circuit device and its assembly are listed for continuous

(3) Not exceed 150 percent of the appliance rated current
loading at 100 percent of its rating.

if the overcurrent protection rating is not marked and
Branch circuits for household cooking appliances shall

the appliance is rated over 13.3 amperes. Where 150
be permitted to be in accordance with Table 220.19.

percent of the appliance rating does not correspond to
a standard overcurrent device ampere rating, the next(B) Circuits Supplying Two or More Loads For branch
higher standard rating shall be permitted.

circuits supplying appliance and other loads, the rating shall
be determined in accordance with 210.23. (F) Electric Heating Appliances Employing Resistance-

Type Heating Elements Rated More Than 48 Amperes

422.11 Overcurrent Protection (1) Electric Heating Appliances Electric heating appli-
ances employing resistance-type heating elements ratedAppliances shall be protected against overcurrent in accor-
more than 48 amperes, other than household appliances withdance with 422.11(A) through 422.11(G) and 422.10.
surface heating elements covered by 422.11(B), and com-
mercial-type heating appliances covered by 422.11(D), shall(A) Branch-Circuit Overcurrent Protection Branch cir-
have the heating elements subdivided. Each subdivided loadcuits shall be protected in accordance with 240.4.
shall not exceed 48 amperes and shall be protected at notIf a protective device rating is marked on an appliance,
more than 60 amperes.the branch-circuit overcurrent device rating shall not exceed

These supplementary overcurrent protective devicesthe protective device rating marked on the appliance.
shall be (1) factory-installed within or on the heater enclosure
or provided as a separate assembly by the heater manufac-If a labeled or listed appliance is provided with installation
turer; (2) accessible; and (3) suitable for branch-circuit pro-instructions from the manufacturer, the branch-circuit size
tection.is not permitted to be less than the minimum size stated in

The main conductors supplying these overcurrent protec-the installation instructions. See 110.3(B) and its related
tive devices shall be considered branch-circuit conductors.commentary regarding the installation and use of listed or

labeled equipment. (2) Commercial Kitchen and Cooking Appliances Com-
mercial kitchen and cooking appliances using sheathed-type
heating elements not covered in 422.11(D) shall be permitted

(B) Household-Type Appliances with Surface Heating to be subdivided into circuits not exceeding 120 amperes
Elements Household-type appliances with surface heating and protected at not more than 150 amperes where one of
elements having a maximum demand of more than 60 am- the following is met:
peres calculated in accordance with Table 220.19 shall have

(1) Elements are integral with and enclosed within a cook-its power supply subdivided into two or more circuits, each
ing surface.of which shall be provided with overcurrent protection rated

(2) Elements are completely contained within an enclosureat not over 50 amperes.
identified as suitable for this use.

(3) Elements are contained within an ASME-rated and(C) Infrared Lamp Commercial and Industrial Heating
stamped vessel.Appliances Infrared lamp commercial and industrial heat-

ing appliances shall have overcurrent protection not ex- (3) Water Heaters and Steam Boilers Water heaters and
ceeding 50 amperes. steam boilers employing resistance-type immersion electric

heating elements contained in an ASME-rated and stamped
(D) Open-Coil or Exposed Sheathed-Coil Types of Sur- vessel or listed instantaneous water heaters shall be permitted
face Heating Elements in Commercial-Type Heating to be subdivided into circuits not exceeding 120 amperes
Appliances Open-coil or exposed sheathed-coil types of and protected at not more than 150 amperes.
surface heating elements in commercial-type heating appli-
ances shall be protected by overcurrent protective devices (G) Motor-Operated Appliances Motors of motor-

operated appliances shall be provided with overload protec-rated at not over 50 amperes.
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422.12 Article 422 — Appliances

tion in accordance with Part III of Article 430. Hermetic 422.14 Infrared Lamp Industrial
refrigerant motor-compressors in air-conditioning or refrig- Heating Appliances
erating equipment shall be provided with overload protection In industrial occupancies, infrared heating appliance lamp-
in accordance with Part VI of Article 440. Where appliance holders shall be permitted to be operated in series on circuits
overcurrent protective devices that are separate from the of over 150 volts to ground, provided the voltage rating of
appliance are required, data for selection of these devices the lampholders is not less than the circuit voltage.
shall be marked on the appliance. The minimum marking Each section, panel, or strip carrying a number of infra-
shall be that specified in 430.7 and 440.4. red lampholders (including the internal wiring of such sec-

tion, panel, or strip) shall be considered an appliance. The
422.12 Central Heating Equipment terminal connection block of each such assembly shall be
Central heating equipment other than fixed electric space- considered an individual outlet.
heating equipment shall be supplied by an individual branch
circuit. 422.15 Central Vacuum Outlet Assemblies

(A) Listed central vacuum outlet assemblies shall be permit-
ted to be connected to a branch circuit in accordance withException No. 1 to 422.12 permits the electric motors, igni-

tion systems, controls, and so on, of fossil-fuel-fired central 210.23(A).
heating equipment to be connected to the same individual

(B) The ampacity of the connecting conductors shall not bebranch circuit, as defined in Article 100 under branch circuit,
less than the ampacity of the branch circuit conductors toindividual.
which they are connected.Exception No. 2 was added to the 2005 Code to allow

a permanently connected air-conditioning unit to be supplied (C) An equipment grounding conductor shall be used where
from a branch circuit that supplies central heating equipment the central vacuum outlet assembly has accessible non–cur-
other than fixed electric space heating equipment, because rent-carrying metal parts.
central heating equipment and air-conditioning equipment
are considered to be noncoincident loads, meaning that the Section 422.15 permits listed central vacuum outlet devices
two loads are unlikely to operate at the same time. to be connected to the ordinary 15- or 20-ampere general-

purpose branch circuits that may be located in the same area
in which the vacuum outlet is installed. Starting and stopping

Exception No. 1: Auxiliary equipment, such as a pump, of the central vacuum system is achieved by a Class 2 control
valve, humidifier, or electrostatic air cleaner directly associ- circuit that originates at the main unit of the central vacuum
ated with the heating equipment, shall be permitted to be system. The circuit is switched at each outlet by the insertion
connected to the same branch circuit. or removal of the matching vacuum hose in the outlet.
Exception No. 2: Permanently connected air-conditioning
equipment shall be permitted to be connected to the same

422.16 Flexible Cordsbranch circuit.
(A) General Flexible cord shall be permitted (1) for the
connection of appliances to facilitate their frequent inter-422.13 Storage-Type Water Heaters
change or to prevent the transmission of noise or vibrationA fixed storage-type water heater that has a capacity of 450
or (2) to facilitate the removal or disconnection of appliancesL (120 gal) or less shall be considered a continuous load.
that are fastened in place, where the fastening means and
mechanical connections are specifically designed to permit

The revision to 422.13 specifically identifies an electric ready removal for maintenance or repair and the appliance
water heater with a storage capacity of 120 gal or less as a is intended or identified for flexible cord connection.
continuous load. This revision requires the branch circuit
overcurrent device and conductors to be sized based on

It should be understood that a cord-connected appliance125 percent of the water heater nameplate rating unless the
is required to be specifically designed, mechanically andovercurrent device and the assembly it is installed in are
electrically, to be readily removable for maintenance andlisted to be used at 100 percent of its continuous current
repair.rating. In addition, feeders and services that supply water

heater branch circuits are also impacted by the fact that this
type of equipment is considered to be a continuous load. (B) Specific Appliances

(1) Electrically Operated Kitchen Waste Disposers
Electrically operated kitchen waste disposers shall be permit-FPN: For branch-circuit rating, see 422.10.
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422.16Article 422 — Appliances

ted to be cord-and-plug connected with a flexible cord identi- of the appliance manufacturer where all of the following
conditions are met:fied as suitable for the purpose in the installation instructions

of the appliance manufacturer, where all of the following
(1) The flexible cord shall be terminated with a grounding-conditions are met:

type attachment plug.
(1) The flexible cord shall be terminated with a grounding-

Exception: A listed dishwasher or trash compactor dis-type attachment plug.
tinctly marked to identify it as protected by a system of

Exception: A listed kitchen waste disposer distinctly marked double insulation, or its equivalent, shall not be required to
to identify it as protected by a system of double insulation, be terminated with a grounding-type attachment plug.
or its equivalent, shall not be required to be terminated with

(2) The length of the cord shall be 0.9 m to 1.2 m (3 ft toa grounding-type attachment plug.
4 ft) measured from the face of the attachment plug to

(2) The length of the cord shall not be less than 450 mm the plane of the rear of the appliance.
(18 in.) and not over 900 mm (36 in.). (3) Receptacles shall be located to avoid physical damage

(3) Receptacles shall be located to avoid physical damage to the flexible cord.
to the flexible cord. (4) The receptacle shall be located in the space occupied

(4) The receptacle shall be accessible. by the appliance or adjacent thereto.
(5) The receptacle shall be accessible.

The kitchen waste disposer illustrated in Exhibit 422.1 is
(3) Wall-Mounted Ovens and Counter-Mounted Cook-an example of a cord-and-plug-connected appliance with
ing Units Wall-mounted ovens and counter-mounted cook-mechanical connections designed to permit removal. The
ing units complete with provisions for mounting and forcord and receptacle are designed and installed in accordance
making electrical connections shall be permitted to be per-with 422.16(B)(1). To facilitate control of the waste disposer
manently connected or, only for ease in servicing or forfrom a wall location, this receptacle is permitted to be
installation, cord-and-plug connected.switched by a general-use snap switch as long as the load

A separable connector or a plug and receptacle combina-does not exceed the requirements of 404.14(A)(3).
tion in the supply line to an oven or cooking unit shall be
approved for the temperature of the space in which it is
located.

(4) Range Hoods Range hoods shall be permitted to be
cord-and-plug connected with a flexible cord identified as
suitable for use on range hoods in the installation instructions
of the appliance manufacturer, where all of the following
conditions are met:

(1) The flexible cord is terminated with a grounding-type
attachment plug.

Exception: A listed range hood distinctly marked to identify
it as protected by a system of double insulation, or its equiva-
lent, shall not be required to be terminated with a grounding-
type attachment plug.

(2) The length of the cord is not less than 450 mm (18 in.)
and not over 900 mm (36 in.).

(3) Receptacles are located to avoid physical damage to theCord-and-plug-connected appliance
flexible cord.

(4) The receptacle is accessible.Exhibit 422.1 A cord-and-plug-connected kitchen
(5) The receptacle is supplied by an individual branch cir-waste disposer.

cuit.

(2) Built-in Dishwashers and Trash Compactors Built- Section 422.16(B)(4) was added to the 2005 Code to allow
in dishwashers and trash compactors shall be permitted to range hoods to be cord-and-plug-connected under five spe-
be cord-and-plug connected with a flexible cord identified cific prerequisite conditions. A grounding-type attachment
as suitable for the purpose in the installation instructions
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422.17 Article 422 — Appliances

plug is not required where the range hood is identified as
protected by a system of double insulation. One method of
verifying such protection is to look for the mark of a testing
laboratory.

422.17 Protection of Combustible Material
Each electrically heated appliance that is intended by size,
weight, and service to be located in a fixed position shall
be placed so as to provide ample protection between the
appliance and adjacent combustible material.

422.18 Support of Ceiling-Suspended
(Paddle) Fans
Ceiling-suspended (paddle) fans shall be supported indepen-
dently of an outlet box or by listed outlet box or outlet box Exhibit 422.2 Supporting a ceiling-suspended (paddle) fan (35

lb or less) with a box identified for such use. (Courtesy of Hubbellsystems identified for the use and installed in accordance
RACO)with 314.27(D).

A revision to this section in the 2005 Code makes it clear
that paddle fans must be supported independently of the 422.31 Disconnection of Permanently
outlet box or be supported by a listed box identified for fan

Connected Appliancessupport (see Exhibit 422.2).
(A) Rated at Not Over 300 Volt-Amperes or 1⁄8 Horse-Ceiling-suspended paddle fans must be supported by an
power For permanently connected appliances rated at notoutlet box that is listed or identified for support of a paddle
over 300 volt-amperes or 1⁄8 hp, the branch-circuit overcur-fan. Where the outlet box is not listed or identified to support
rent device shall be permitted to serve as the disconnectinga paddle fan, the fan must be supported from the building
means.structure, not from the outlet box. The maximum paddle fan

weight allowed to be supported by an outlet box identified
(B) Appliances Rated Over 300 Volt-Amperes or 1⁄8for support of a paddle fan is 70 lb. When the weight of a
Horsepower For permanently connected appliances ratedpaddle fan exceeds 35 lb, the listed outlet box must be
over 300 volt-amperes or 1⁄8 hp, the branch-circuit switch ormarked with the amount of weight that it is allowed to
circuit breaker shall be permitted to serve as the discon-support. See 314.27(D) for the requirements for the support
necting means where the switch or circuit breaker is withinof boxes that supply power to paddle fans. Exhibit 314.9
sight from the appliance or is capable of being locked inprovides an example of a paddle fan supported independent
the open position. The provision for locking or adding aof the outlet box.
lock to the disconnecting means shall be installed on or at
the switch or circuit breaker used as the disconnecting means
and shall remain in place with or without the lock installed.

422.20 Other Installation Methods
Appliances employing methods of installation other than Section 422.31(B) has been expanded to increase safety to
covered by this article shall be permitted to be used only maintenance and service personnel working on electrical
by special permission. appliances. The requirement now provides detailed informa-

tion pertaining to the method of providing the disconnection
required by Article 422, Part III. A device that is attachedIII. Disconnecting Means
to the circuit breaker handle by a set screw is not an accept-422.30 General
able means to serve as a safe method of locking the device

A means shall be provided to disconnect each appliance from in the off position. The device must have provisions for
all ungrounded conductors in accordance with the following placement of a lock on it to secure the device in the off
sections of Part III. If an appliance is supplied by more than position. The lock-out device must be part of the disconnect
one source, the disconnecting means shall be grouped and assembly and must remain in place after the padlock is
identified.
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422.41Article 422 — Appliances

(A) Multifamily Dwellings In multifamily dwellings, theremoved, whether it is a fused disconnect switch, a single
circuit breaker, or a circuit breaker in a panelboard. other disconnecting means shall be within the dwelling unit,

or on the same floor as the dwelling unit in which the
appliance is installed, and shall be permitted to control lamps

FPN: For appliances employing unit switches, see and other appliances.
422.34.

(B) Two-Family Dwellings In two-family dwellings, the
other disconnecting means shall be permitted either inside422.32 Disconnecting Means for
or outside of the dwelling unit in which the appliance isMotor-Driven Appliance
installed. In this case, an individual switch or circuit breaker

If a switch or circuit breaker serves as the disconnecting for the dwelling unit shall be permitted and shall also be
means for a permanently connected motor-driven appliance permitted to control lamps and other appliances.
of more than 1⁄8 hp, it shall be located within sight from the
motor controller and shall comply with Part IX of Article (C) One-Family Dwellings In one-family dwellings, the
430. service disconnecting means shall be permitted to be the

other disconnecting means.
Exception: If a motor-driven appliance of more than 1⁄8 hp
is provided with a unit switch that complies with 422.34(A), (D) Other Occupancies In other occupancies, the branch-
(B), (C), or (D), the switch or circuit breaker serving as the circuit switch or circuit breaker, where readily accessible
other disconnecting means shall be permitted to be out of for servicing of the appliance, shall be permitted as the other
sight from the motor controller. disconnecting means.

422.33 Disconnection of Cord-and-Plug- 422.35 Switch and Circuit Breaker
Connected Appliances to Be Indicating
(A) Separable Connector or an Attachment Plug and Switches and circuit breakers used as disconnecting means
Receptacle For cord-and-plug-connected appliances, an ac- shall be of the indicating type.
cessible separable connector or an accessible plug and recep-
tacle shall be permitted to serve as the disconnecting means. IV. Construction
Where the separable connector or plug and receptacle are

422.40 Polarity in Cord-and-Plug-not accessible, cord-and-plug-connected appliances shall be
Connected Appliancesprovided with disconnecting means in accordance with
If the appliance is provided with a manually operated, line-422.31.
connected, single-pole switch for appliance on–off opera-

(B) Connection at the Rear Base of a Range For cord- tion, an Edison-base lampholder, or a 15- or 20-ampere
and-plug-connected household electric ranges, an attach- receptacle, the attachment plug shall be of the polarized or
ment plug and receptacle connection at the rear base of a grounding type.
range, if it is accessible from the front by removal of a A 2-wire, nonpolarized attachment plug shall be permit-
drawer, shall be considered as meeting the intent of ted to be used on a listed double-insulated shaver.
422.33(A).

FPN: For polarity of Edison-base lampholders, see
410.42(A).(C) Rating The rating of a receptacle or of a separable

connector shall not be less than the rating of any appliance
422.41 Cord-and-Plug-Connected Appliancesconnected thereto.
Subject to Immersion

Exception: Demand factors authorized elsewhere in this Cord-and-plug-connected portable, freestanding hydromas-
Code shall be permitted to be applied to the rating of a sage units and hand-held hair dryers shall be constructed to
receptacle or of a separable connector. provide protection for personnel against electrocution when

immersed while in the ‘‘on’’ or ‘‘off’’ position.
422.34 Unit Switch(es) as Disconnecting Means
A unit switch(es) with a marked-off position that is a part Although receptacles in bathrooms of dwelling units have
of an appliance and disconnects all ungrounded conductors been required to be protected by ground-fault circuit inter-
shall be permitted as the disconnecting means required by rupters since the 1975 edition of the Code, many receptacles
this article where other means for disconnection are provided in existing bathrooms are not so protected. Cord-and-plug-
in occupancies specified in 422.34(A) through 422.34(D).
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422.42 Article 422 — Appliances

connected appliances such as hand-held hair dryers, curling 422.45 Stands for Cord-and-Plug-
irons, and so on, which can and have accidentally fallen into Connected Appliances
bathtubs, causing fatalities, are required to be provided with Each smoothing iron and other cord-and-plug-connected
some form of protective device that is part of the appliance. electrically heated appliance intended to be applied to com-
Three types of protectors comply with this requirement: bustible material shall be equipped with an approved stand,

which shall be permitted to be a separate piece of equipment1. Appliance-leakage circuit interrupters (ALCIs)
or a part of the appliance.2. Immersion-detector circuit interrupters (IDCIs)

3. Ground-fault circuit interrupters (GFCIs)

422.46 FlatironsALCIs de-energize the supply to the appliance when
Electrically heated smoothing irons shall be equipped withleakage current exceeds a predetermined value. IDCIs de-
an identified temperature-limiting means.energize the supply when a liquid causes a conductive path

between a live part and a sensor, and GFCIs de-energize the
supply when the current to ground exceeds a predetermined 422.47 Water Heater Controls
value.

All storage or instantaneous-type water heaters shall be
equipped with a temperature-limiting means in addition to its
control thermostat to disconnect all ungrounded conductors.422.42 Signals for Heated Appliances
Such means shall comply with both of the following:

In other than dwelling-type occupancies, each electrically
heated appliance or group of appliances intended to be ap- (1) Installed to sense maximum water temperature.
plied to combustible material shall be provided with a signal (2) Be either a trip-free, manually reset type or a type having
or an integral temperature-limiting device. a replacement element. Such water heaters shall be

marked to require the installation of a temperature and
pressure relief valve.A common way to provide a signal light for electrically

heated appliances in commercial or industrial locations is
Exception No. 1: Storage water heaters that are identifiedto use a red light connected to and within sight of the
as being suitable for use with supply water temperature ofappliance that indicates that the appliance is energized and
82�C (180�F) or above and a capacity of 60 kW or above.operating.

No signal is required for an electrically heated appliance Exception No. 2: Instantaneous-type water heaters that are
provided with an integral high-temperature limiting device, identified as being suitable for such use, with a capacity of
such as a thermostat, that limits the temperature to which 4 L (1 gal) or less.
the appliance can heat.

FPN: See ANSI Z21.22-1999/CSA 4.4-M99, Relief
Valves for Hot Water Supply Systems.

422.43 Flexible Cords
422.48 Infrared Lamp Industrial(A) Heater Cords All cord-and-plug-connected smoothing

irons and electrically heated appliances that are rated at more Heating Appliances
than 50 watts and produce temperatures in excess of 121�C (A) 300 Watts or Less Infrared heating lamps rated at 300
(250�F) on surfaces with which the cord is likely to be in watts or less shall be permitted with lampholders of the
contact shall be provided with one of the types of approved medium-base, unswitched porcelain type or other types iden-
heater cords listed in Table 400.4. tified as suitable for use with infrared heating lamps rated

300 watts or less.
(B) Other Heating Appliances All other cord-and-plug-
connected electrically heated appliances shall be connected

(B) Over 300 Watts Screw-shell lampholders shall not be
with one of the approved types of cord listed in Table 400.4,

used with infrared lamps rated over 300 watts, unless the
selected in accordance with the usage specified in that table.

lampholders are identified as being suitable for use with
infrared heating lamps rated over 300 watts.

422.44 Cord-and-Plug-Connected
Immersion Heaters

Infrared (heat) radiation lamps are tungsten-filament incan-
Electric heaters of the cord-and-plug-connected immersion descent lamps similar in appearance to lighting lamps. How-
type shall be constructed and installed so that current- ever, they are designed to operate at a lower temperature,
carrying parts are effectively insulated from electrical con- thus transferring more heat radiation and less light intensity.
tact with the substance in which they are immersed.
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422.62Article 422 — Appliances

Infrared lamps are used for a variety of heating and drying V. Marking
purposes in industrial locations.

422.60 Nameplate
(A) Nameplate Marking Each electric appliance shall be

422.49 High-Pressure Spray Washers provided with a nameplate giving the identifying name and
the rating in volts and amperes, or in volts and watts. If theAll single-phase cord-and-plug-connected high-pressure
appliance is to be used on a specific frequency or frequencies,spray washing machines rated at 250 volts or less shall be
it shall be so marked.provided with factory-installed ground-fault circuit-

Where motor overload protection external to the appli-interrupter protection for personnel. The ground-fault circuit
ance is required, the appliance shall be so marked.interrupter shall be an integral part of the attachment plug

or shall be located in the supply cord within 300 mm (12
FPN: See 422.11 for overcurrent protection require-

in.) of the attachment plug. ments.

(B) To Be Visible Marking shall be located so as to beHigh-pressure spray washers may be used without a GFCI
visible or easily accessible after installation.as part of the supply cord if the washers are rated 3-phase

or are over 250 volts.
422.61 Marking of Heating Elements
All heating elements that are rated over one ampere, replace-

422.50 Cord-and-Plug-Connected Pipe able in the field, and a part of an appliance shall be legibly
Heating Assemblies marked with the ratings in volts and amperes, or in volts

and watts, or with the manufacturer’s part number.Cord-and-plug-connected pipe heating assemblies intended
to prevent freezing of piping shall be listed.

422.62 Appliances Consisting of Motors and
Other LoadsThe listing requirement was added as a result of data that

substantiated numerous fires initiated by heat tapes. Addi- (A) Nameplate Horsepower Markings Where a motor-
tional requirements for ground-fault protection equipment operated appliance nameplate includes a horsepower rating,
are found in 427.22. that rating shall not be less than the horsepower rating on the

motor nameplate. Where an appliance consists of multiple
motors, or one or more motors and other loads, the name-

422.51 Cord-and-Plug-Connected plate value shall not be less than the equivalent horsepower
Vending Machines of the combined loads, calculated in accordance with

430.110(C)(1).Cord-and-plug-connected vending machines manufactured
or re-manufactured on or after January 1, 2005, shall include

(B) Additional Nameplate Markings Appliances, othera ground-fault circuit-interrupter as an integral part of the
than those factory-equipped with cords and attachment plugsattachment plug or located in the power supply cord within
and with nameplates in compliance with 422.60, shall be300 mm (12 in.) of the attachment plug. Cord-and-plug-
marked in accordance with 422.62(B)(1) or (B)(2).connected vending machines not incorporating integral

GFCI protection shall be connected to a GFCI protected (1) Marking In addition to the marking required in 422.60,
outlet. the marking on an appliance consisting of a motor with other

load(s) or motors with or without other load(s) shall specify
Section 422.51 was added to the 2005 Code to provide added the minimum supply circuit conductor ampacity and the
safety to consumers who purchase items from cord-and- maximum rating of the circuit overcurrent protective device.
plug-connected vending machines. The U.S. Consumer This requirement shall not apply to an appliance with a
Product Safety Commission (CPSC) has investigated four nameplate in compliance with 422.60 where both the mini-
electrocutions in four separate incidents since 1995 and three mum supply circuit conductor ampacity and maximum rating
incidents involving vending machines that were nonfatal of the circuit overcurrent protective device are not more
shocks. Those investigations spurred this new requirement, than 15 amperes.
with an enforcement date of January 1, 2005, that new and

(2) Alternate Marking Method An alternative markingremanufactured vending machines be provided with a GFCI
method shall be permitted to specify the rating of the largestas an integral part of the power supply cord within 12 in.
motor in volts and amperes, and the additional load(s) inof the attachment plug. However, a machine plugged into a
volts and amperes, or volts and watts in addition to theGFCI-protected outlet is permitted.
marking required in 422.60. The ampere rating of a motor
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422.62 Article 424 — Fixed Electric Space-Heating Equipment

1⁄8 horsepower or less or a nonmotor load 1 ampere or less
424.22 Overcurrent Protectionshall be permitted to be omitted unless such loads constitute

(A) Branch-Circuit Devicesthe principal load.
(B) Resistance Elements
(C) Overcurrent Protective Devices
(D) Branch-Circuit Conductors

ARTICLE 424 (E) Conductors for Subdivided Loads
IV. Marking of Heating EquipmentFixed Electric Space-Heating

424.28 NameplateEquipment (A) Marking Required
(B) Location

424.29 Marking of Heating ElementsSummary of Changes
V. Electric Space-Heating Cables• 424.3(B): Added requirement that electric space heating

424.34 Heating Cable Constructionequipment be considered a continuous load.
424.35 Marking of Heating Cables

• 424.6: Added requirement that electric baseboard heaters, 424.36 Clearances of Wiring in Ceilings
heating cables, duct heaters, and radiant heating systems 424.38 Area Restrictions
be listed and labeled. (A) Shall Not Extend Beyond the Room or Area

• 424.44(G): Deleted spa locations from electrically heated (B) Uses Prohibited
floor GFCI requirement. See 680.27(C)(3). (C) In Closet Ceilings as Low-Temperature Heat

Sources to Control Relative Humidity
424.39 Clearance from Other Objects and Openings
424.40 Splices

Contents 424.41 Installation of Heating Cables on Dry Board,
in Plaster, and on Concrete CeilingsI. General

424.1 Scope (A) In Walls
(B) Adjacent Runs424.2 Other Articles

424.3 Branch Circuits (C) Surfaces to Be Applied
(D) Splices(A) Branch-Circuit Requirements

(B) Branch-Circuit Sizing (E) Ceiling Surface
(F) Secured424.6 Listed Equipment

II. Installation (G) Dry Board Installations
(H) Free from Contact with Conductive Surfaces424.9 General

424.10 Special Permission (I) Joists
(J) Crossing Joists424.11 Supply Conductors

424.12 Locations 424.42 Finished Ceilings
424.43 Installation of Nonheating Leads of Cables(A) Exposed to Physical Damage

(B) Damp or Wet Locations (A) Free Nonheating Leads
(B) Leads in Junction Box424.13 Spacing from Combustible Materials

III. Control and Protection of Fixed Electric Space-Heating (C) Excess Leads
424.44 Installation of Cables in Concrete or PouredEquipment

424.19 Disconnecting Means Masonry Floors
(A) Watts per Linear Foot(A) Heating Equipment with Supplementary

Overcurrent Protection (B) Spacing Between Adjacent Runs
(C) Secured in Place(B) Heating Equipment Without Supplementary

Overcurrent Protection (D) Spacings Between Heating Cable and Metal
Embedded in the Floor(C) Unit Switch(es) as Disconnecting Means

424.20 Thermostatically Controlled Switching Devices (E) Leads Protected
(F) Bushings or Approved Fittings(A) Serving as Both Controllers and Disconnecting

Means (G) Ground-Fault Circuit-Interrupter Protection
424.45 Inspection and Tests(B) Thermostats That Do Not Directly Interrupt All

Ungrounded Conductors VI. Duct Heaters
424.57 General424.21 Switch and Circuit Breaker to Be Indicating
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424.3Article 424 — Fixed Electric Space-Heating Equipment

424.58 Identification 424.96 Connection to Branch-Circuit Conductors
(A) General424.59 Airflow

424.60 Elevated Inlet Temperature (B) Heating Panels
(C) Heating Panel Sets424.61 Installation of Duct Heaters with Heat Pumps

and Air Conditioners 424.97 Nonheating Leads
424.98 Installation in Concrete or Poured Masonry424.62 Condensation

424.63 Fan Circuit Interlock (A) Maximum Heated Area
(B) Secured in Place and Identified as Suitable424.64 Limit Controls

424.65 Location of Disconnecting Means (C) Expansion Joints
(D) Spacings424.66 Installation

VII. Resistance-Type Boilers (E) Protection of Leads
(F) Bushings or Fittings Required424.70 Scope

424.71 Identification 424.99 Installation Under Floor Covering
(A) Identification424.72 Overcurrent Protection

(A) Boiler Employing Resistance-Type Immersion (B) Maximum Heated Area
(C) InstallationHeating Elements in an ASME Rated and

Stamped Vessel
(B) Boiler Employing Resistance-Type Heating

Elements Rated More Than 48 Amperes and I. General
Not Contained in an ASME Rated and Stamped

424.1 ScopeVessel
This article covers fixed electric equipment used for space(C) Supplementary Overcurrent Protective Devices
heating. For the purpose of this article, heating equipment(D) Conductors Supplying Supplementary
shall include heating cable, unit heaters, boilers, central sys-Overcurrent Protective Devices
tems, or other approved fixed electric space-heating equip-(E) Conductors for Subdivided Loads
ment. This article shall not apply to process heating and424.73 Overtemperature Limit Control
room air conditioning.424.74 Overpressure Limit Control

VIII. Electrode-Type Boilers
424.80 Scope 424.2 Other Articles
424.81 Identification Fixed electric space-heating equipment incorporating a her-
424.82 Branch-Circuit Requirements metic refrigerant motor-compressor shall also comply with
424.83 Overtemperature Limit Control Article 440.
424.84 Overpressure Limit Control
424.85 Grounding

424.3 Branch Circuits424.86 Markings
(A) Branch-Circuit Requirements Individual branch cir-IX. Electric Radiant Heating Panels and Heating Panel
cuits shall be permitted to supply any size fixed electricSets
space-heating equipment.424.90 Scope

Branch circuits supplying two or more outlets for fixed424.91 Definitions
electric space-heating equipment shall be rated 15, 20, 25,424.92 Markings
or 30 amperes. In nondwelling occupancies, fixed infrared(A) Location
heating equipment shall be permitted to be supplied from(B) Identified as Suitable
branch circuits rated not over 50 amperes.(C) Required Markings

(D) Labels Provided by Manufacturer
(B) Branch-Circuit Sizing Fixed electric space heating424.93 Installation
equipment shall be considered continuous load.(A) General

(B) Heating Panel Sets
424.94 Clearances of Wiring in Ceilings Section 424.3(B) has been simplified by stating that the

branch circuits sized for fixed electric space heating equip-424.95 Location of Branch-Circuit and Feeder Wiring
in Walls ment must be considered a continuous load.

The sizing of branch-circuit conductors and overcurrent(A) Exterior Walls
(B) Interior Walls devices supplying fixed electric space-heating equipment at
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424.6 Article 424 — Fixed Electric Space-Heating Equipment

125 percent of the total load of the heaters (and motors) Fixed electric space-heating equipment may require supply
conductors with a temperature rating greater than 60�C, dueis predicated on the need to protect overcurrent devices,

particularly in panelboards, and conductors from overheating to their proximity to the heating elements and the installation
instructions provided with a listed product.during periods of prolonged operation.

The requirement in 424.3(B) is phrased to eliminate any
question about whether the heating equipment is a continu-
ous load, as defined in Article 100. Note that this revision 424.12 Locations
to consider fixed electric space heating as a continuous load (A) Exposed to Physical Damage Where subject to physi-
also impacts feeders and services that supply fixed electric cal damage, fixed electric space-heating equipment shall be
space-heating equipment branch circuits. protected in an approved manner.

(B) Damp or Wet Locations Heaters and related equip-
424.6 Listed Equipment ment installed in damp or wet locations shall be listed for

such locations and shall be constructed and installed so thatElectric baseboard heaters, heating cables, duct heaters, and
water or other liquids cannot enter or accumulate in or onradiant heating systems shall be listed and labeled.
wired sections, electrical components, or ductwork.

II. Installation
FPN No. 1: See 110.11 for equipment exposed to deterio-
rating agents.424.9 General
FPN No. 2: See 680.27(C) for pool deck areas.All fixed electric space-heating equipment shall be installed

in an approved manner.
424.13 Spacing from Combustible MaterialsPermanently installed electric baseboard heaters

equipped with factory-installed receptacle outlets, or outlets Fixed electric space-heating equipment shall be installed to
provided as a separate listed assembly, shall be permitted provide the required spacing between the equipment and
in lieu of a receptacle outlet(s) that is required by 210.50(B). adjacent combustible material, unless it is listed to be in-
Such receptacle outlets shall not be connected to the heater stalled in direct contact with combustible material.
circuits.

Section 424.13 was made more restrictive in the 2005 Code.FPN: Listed baseboard heaters include instructions that
Where electric space heating equipment is to be installed inmay not permit their installation below receptacle outlets.
direct contact with combustible material, the equipment is
now required to be listed for installation in direct contactThe second paragraph of 424.9 restates the permission
with combustible material.granted in the second paragraph of 210.52, that is, it allows

factory-installed receptacle outlets in electric baseboard
heaters to satisfy the spacing requirements for receptacle

III. Control and Protection of Fixedoutlets in dwelling units according to 210.52(A).
Heating equipment and systems often have special in- Electric Space-Heating Equipment

stallation instructions for spacings, types of supply wires, 424.19 Disconnecting Means
or special control equipment, which must be considered in

Means shall be provided to disconnect the heater, motordetermining the suitability of the installation.
controller(s), and supplementary overcurrent protective de-
vice(s) of all fixed electric space-heating equipment from
all ungrounded conductors. Where heating equipment is sup-424.10 Special Permission
plied by more than one source, the disconnecting means

Fixed electric space-heating equipment and systems installed
shall be grouped and marked.

by methods other than covered by this article shall be permit-
ted only by special permission.

Section 424.19(C) permits a unit switch to serve as the
disconnecting means, provided that it has a marked ‘‘off’’424.11 Supply Conductors
position and disconnects all ungrounded conductors and that

Fixed electric space-heating equipment requiring supply other means are also provided in accordance with paragraphs
conductors with over 60�C insulation shall be clearly and 424.19(C)(1) through 424.19(C)(4). Such other means are
permanently marked. This marking shall be plainly visible not required to be capable of being locked in the open
after installation and shall be permitted to be adjacent to the position as required by 424.19(B)(1).
field connection box.

2005 National Electrical Code Handbook524

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



424.21Article 424 — Fixed Electric Space-Heating Equipment

(C) Unit Switch(es) as Disconnecting Means A unitSee 424.20 for thermostatically controlled switching
devices. switch(es) with a marked ‘‘off’’ position that is part of a

fixed heater and disconnects all ungrounded conductors shall
be permitted as the disconnecting means required by this
article where other means for disconnection are provided in(A) Heating Equipment with Supplementary Overcur-
the types of occupancies in 424.19(C)(1) through (C)(4).rent Protection The disconnecting means for fixed electric

space-heating equipment with supplementary overcurrent (1) Multifamily Dwellings In multifamily dwellings, the
protection shall be within sight from the supplementary over-

other disconnecting means shall be within the dwelling unit,
current protective device(s), on the supply side of these

or on the same floor as the dwelling unit in which the fixed
devices, if fuses, and, in addition, shall comply with either

heater is installed, and shall also be permitted to control
424.19(A)(1) or (A)(2).

lamps and appliances.

(1) Heater Containing No Motor Rated Over 1⁄8 Horse- (2) Two-Family Dwellings In two-family dwellings, the
power The above disconnecting means or unit switches other disconnecting means shall be permitted either inside
complying with 424.19(C) shall be permitted to serve as the or outside of the dwelling unit in which the fixed heater is
required disconnecting means for both the motor control- installed. In this case, an individual switch or circuit breaker
ler(s) and heater under either of the following conditions: for the dwelling unit shall be permitted and shall also be

permitted to control lamps and appliances.
(1) The disconnecting means provided is also within sight

(3) One-Family Dwellings In one-family dwellings, thefrom the motor controller(s) and the heater.
service disconnecting means shall be permitted to be the(2) The disconnecting means provided is capable of being
other disconnecting means.locked in the open position.

(4) Other Occupancies In other occupancies, the branch-(2) Heater Containing a Motor(s) Rated Over 1⁄8 Horse-
circuit switch or circuit breaker, where readily accessiblepower The above disconnecting means shall be permitted
for servicing of the fixed heater, shall be permitted as theto serve as the required disconnecting means for both the
other disconnecting means.motor controller(s) and heater by one of the following means:

424.20 Thermostatically Controlled(1) Where the disconnecting means is also in sight from
Switching Devicesthe motor controller(s) and the heater.

(2) Where the disconnecting means is not within sight from (A) Serving as Both Controllers and Disconnecting
the heater, a separate disconnecting means shall be in- Means Thermostatically controlled switching devices and
stalled, or the disconnecting means shall be capable combination thermostats and manually controlled switches
of being locked in the open position, or unit switches shall be permitted to serve as both controllers and discon-
complying with 424.19(C) shall be permitted. necting means, provided all of the following conditions are

(3) Where the disconnecting means is not within sight from met:
the motor controller location, a disconnecting means (1) Provided with a marked ‘‘off’’ position
complying with 430.102 shall be provided. (2) Directly open all ungrounded conductors when manu-

(4) Where the motor is not in sight from the motor controller ally placed in the ‘‘off’’ position
location, 430.102(B) shall apply. (3) Designed so that the circuit cannot be energized auto-

matically after the device has been manually placed in(B) Heating Equipment Without Supplementary Over-
the ‘‘off’’ positioncurrent Protection

(4) Located as specified in 424.19
(1) Without Motor or with Motor Not Over 1⁄8 Horse-

(B) Thermostats That Do Not Directly Interrupt All Un-power For fixed electric space-heating equipment without a
grounded Conductors Thermostats that do not directly in-motor rated over 1⁄8 hp, the branch-circuit switch or circuit
terrupt all ungrounded conductors and thermostats thatbreaker shall be permitted to serve as the disconnecting means
operate remote-control circuits shall not be required to meetwhere the switch or circuit breaker is within sight from the
the requirements of 424.20(A). These devices shall not beheater or is capable of being locked in the open position.
permitted as the disconnecting means.

(2) Over 1⁄8 Horsepower For motor-driven electric space-
424.21 Switch and Circuit Breakerheating equipment with a motor rated over 1⁄8 hp, a discon-
to Be Indicatingnecting means shall be located within sight from the motor

controller or shall be permitted to comply with the require- Switches and circuit breakers used as disconnecting means
shall be of the indicating type.ments in 424.19(A)(2).
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424.22 Article 424 — Fixed Electric Space-Heating Equipment

Solution424.22 Overcurrent Protection
By using the UL Electrical Construction Equipment Direc-(A) Branch-Circuit Devices Electric space-heating equip-
tory (Green Book), the energy let-through of a 350-amperement, other than such motor-operated equipment as required
fuse can be compared to the energy let-through of a 60-by Article 430 and Article 440 to have additional overcurrent
ampere fuse. In the fuse section (JCQR), the let-throughprotection, shall be permitted to be protected against overcur-
energy, approximated by the current squared and thenrent where supplied by one of the branch circuits in Article
multiplied by the time, or I2t, is provided for various fuse210.
classes (UL).

(B) Resistance Elements Resistance-type heating ele- For this example, a 600-volt, 60-ampere Class T fuse
ments in electric space-heating equipment shall be protected could have a let-through, I2t, as high as 30,000 ampere
at not more than 60 amperes. Equipment rated more than squared seconds. But a 600-volt, 350-ampere Class T fuse
48 amperes and employing such elements shall have the could have a let-through, I2t, as high as 1,100,000 ampere
heating elements subdivided, and each subdivided load shall squared seconds. That means the 350-ampere fuse could let
not exceed 48 amperes. Where a subdivided load is less than through 36.67 times as much damaging energy as the 60-
48 amperes, the rating of the supplementary overcurrent ampere fuse during a short circuit. The difference in energy
protective device shall comply with 424.3(B). A boiler em- let-through between these two overcurrent devices (the sin-
ploying resistance-type immersion heating elements con- gle 350-ampere device and the group of 60-ampere devices)
tained in an ASME rated and stamped vessel shall be is significant enough to make the difference between replac-
permitted to comply with 424.72(A). ing a single element or replacing a good portion of the entire

system.
This example illustrates that subdivision of a circuitThe reason for subdividing the overcurrent protection is to

greatly reduces the risk of fire.minimize the amount of damaging energy released into the
heating elements during a short circuit, thereby reducing the
risk of fire. In addition to safety, a second benefit may be (C) Overcurrent Protective Devices The supplementary
partial continuity of service. overcurrent protective devices for the subdivided loads spec-

When a short circuit occurs, large amounts of damaging ified in 424.22(B) shall be (1) factory-installed within or on
energy are released. This damage comes in the form of the heater enclosure or supplied for use with the heater as a
both heat and magnetic energy. By limiting the size of the separate assembly by the heater manufacturer; (2) accessible,
overcurrent device protecting the individual heating ele- but shall not be required to be readily accessible; and (3)
ments, the damaging short-circuit energy released at the suitable for branch-circuit protection.
element is greatly reduced, thereby greatly reducing the risk
of fire. FPN: See 240.10.

Historically, it has been stated that the subdivision size
Where cartridge fuses are used to provide this overcur-of 60 amperes was originally selected to use the maximum

rent protection, a single disconnecting means shall be permit-fuseholder size of 60 amperes while maintaining up to a 48-
ted to be used for the several subdivided loads.ampere heating element size (48 amperes � 125% � 60

amperes). FPN No. 1: For supplementary overcurrent protection,
The following example makes a strong case for the 60- see 240.10.

ampere subdivision requirement when a short circuit occurs FPN No. 2: For disconnecting means for cartridge fuses
in circuits of any voltage, see 240.40.at the element level. Although this example uses fuses, the

same case can be made using circuit breakers.
Where supplementary overcurrent protection is required, the

Example
heating equipment manufacturer is required to furnish the

A 200-kW, 3-phase, 480-volt resistance-type unit heater has necessary overcurrent protective devices.
a phase current of 240.6 amperes. If the current Code rule
for subdivision [424.22(B)] was not observed and this load

(D) Branch-Circuit Conductors The conductors supply-were to be protected by just one device, the selected overcur-
ing the supplementary overcurrent protective devices shallrent device could be sized by multiplying 240.6 amperes
be considered branch-circuit conductors.times 125 percent and selecting a maximum overcurrent

Where the heaters are rated 50 kW or more, the conduc-protective device sized 350 amperes. If the subdivision re-
tors supplying the supplementary overcurrent protective de-quirement were followed, the heater would probably contain
vices specified in 424.22(C) shall be permitted to be sizedsix separately protected internal circuits limited in size to
at not less than 100 percent of the nameplate rating of the60 amperes.
heater, provided all of the following conditions are met:
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424.39Article 424 — Fixed Electric Space-Heating Equipment

(1) The heater is marked with a minimum conductor size. Each unit length of heating cable shall have a permanent
legible marking on each nonheating lead located within 75(2) The conductors are not smaller than the marked mini-

mum size. mm (3 in.) of the terminal end. The lead wire shall have the
following color identification to indicate the circuit voltage(3) A temperature-actuated device controls the cyclic opera-

tion of the equipment. on which it is to be used:

(E) Conductors for Subdivided Loads Field-wired con- (1) 120 volt, nominal — yellow
ductors between the heater and the supplementary overcur- (2) 208 volt, nominal — blue
rent protective devices shall be sized at not less than 125 (3) 240 volt, nominal — red
percent of the load served. The supplementary overcurrent (4) 277 volt, nominal — brown
protective devices specified in 424.22(C) shall protect these (5) 480 volt, nominal — orange
conductors in accordance with 240.4.

Where the heaters are rated 50 kW or more, the ampacity 424.36 Clearances of Wiring in Ceilings
of field-wired conductors between the heater and the supple-

Wiring located above heated ceilings shall be spaced notmentary overcurrent protective devices shall be permitted
less than 50 mm (2 in.) above the heated ceiling and shallto be not less than 100 percent of the load of their respective
be considered as operating at an ambient temperature ofsubdivided circuits, provided all of the following conditions
50�C (122�F). The ampacity of conductors shall be calculatedare met:
on the basis of the correction factors shown in the 0–2000

(1) The heater is marked with a minimum conductor size. volt ampacity tables of Article 310. If this wiring is located
(2) The conductors are not smaller than the marked mini- above thermal insulation having a minimum thickness of

mum size. 50 mm (2 in.), the wiring shall not require correction for
(3) A temperature-activated device controls the cyclic oper- temperature.

ation of the equipment.

424.38 Area RestrictionsIV. Marking of Heating Equipment
(A) Shall Not Extend Beyond the Room or Area Heating

424.28 Nameplate cables shall not extend beyond the room or area in which
(A) Marking Required Each unit of fixed electric space- they originate.
heating equipment shall be provided with a nameplate giving

(B) Uses Prohibited Heating cables shall not be installedthe identifying name and the normal rating in volts and watts
in the following:or in volts and amperes.

Electric space-heating equipment intended for use on
(1) In closets

alternating current only or direct current only shall be marked
(2) Over walls

to so indicate. The marking of equipment consisting of mo-
(3) Over partitions that extend to the ceiling, unless they

tors over 1⁄8 hp and other loads shall specify the rating of
are isolated single runs of embedded cable

the motor in volts, amperes, and frequency, and the heating
(4) Over cabinets whose clearance from the ceiling is less

load in volts and watts or in volts and amperes.
than the minimum horizontal dimension of the cabinet

(B) Location This nameplate shall be located so as to be to the nearest cabinet edge that is open to the room or
visible or easily accessible after installation. area

424.29 Marking of Heating Elements (C) In Closet Ceilings as Low-Temperature Heat Sources
to Control Relative Humidity The provisions of 424.38(B)All heating elements that are replaceable in the field and
shall not prevent the use of cable in closet ceilings as low-are part of an electric heater shall be legibly marked with
temperature heat sources to control relative humidity, pro-the ratings in volts and watts or in volts and amperes.
vided they are used only in those portions of the ceiling that

V. Electric Space-Heating Cables are unobstructed to the floor by shelves or other permanent
luminaires (fixtures).424.34 Heating Cable Construction

Heating cables shall be furnished complete with factory-
424.39 Clearance from Other Objectsassembled nonheating leads at least 2.1 m (7 ft) in length.
and Openings

424.35 Marking of Heating Cables Heating elements of cables shall be separated at least 200
mm (8 in.) from the edge of outlet boxes and junction boxesEach unit shall be marked with the identifying name or

identification symbol, catalog number, and ratings in volts that are to be used for mounting surface luminaires (lighting
fixtures). A clearance of not less than 50 mm (2 in.) shalland watts or in volts and amperes.
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424.40 Article 424 — Fixed Electric Space-Heating Equipment

(H) Free from Contact with Conductive Surfaces Cablesbe provided from recessed luminaires (fixtures) and their
trims, ventilating openings, and other such openings in room shall be kept free from contact with metal or other electrically

conductive surfaces.surfaces. Sufficient area shall be provided to ensure that no
heating cable is covered by any surface-mounted units.

(I) Joists In dry board applications, cable shall be installed
parallel to the joist, leaving a clear space centered under the424.40 Splices
joist of 65 mm (21⁄2 in.) (width) between centers of adjacent

Embedded cables shall be spliced only where necessary and
runs of cable. A surface layer of gypsum board shall be

only by approved means, and in no case shall the length of
mounted so that the nails or other fasteners do not pierce

the heating cable be altered.
the heating cable.

424.41 Installation of Heating Cables on Dry (J) Crossing Joists Cables shall cross joists only at the
Board, in Plaster, and on Concrete Ceilings ends of the room unless the cable is required to cross joists

elsewhere in order to satisfy the manufacturer’s instructions(A) In Walls Cables shall not be installed in walls unless
that the installer avoid placing the cable too close to ceilingit is necessary for an isolated single run of cable to be
penetrations and luminaires (lighting fixtures).installed down a vertical surface to reach a dropped ceiling.

(B) Adjacent Runs Adjacent runs of cable not exceeding 424.42 Finished Ceilings
9 watts/m (23⁄4 watts/ft) shall not be installed less than 38

Finished ceilings shall not be covered with decorative panelsmm (11⁄2 in.) on centers.
or beams constructed of materials that have thermal insulat-
ing properties, such as wood, fiber, or plastic. Finished ceil-(C) Surfaces to Be Applied Heating cables shall be ap-
ings shall be permitted to be covered with paint, wallpaper,plied only to gypsum board, plaster lath, or other fire-
or other approved surface finishes.resistant material. With metal lath or other electrically con-

ductive surfaces, a coat of plaster shall be applied to com-
pletely separate the metal lath or conductive surface from 424.43 Installation of Nonheating Leads
the cable. of Cables

(A) Free Nonheating Leads Free nonheating leads ofFPN: See also 424.41(F).
cables shall be installed in accordance with approved

(D) Splices All heating cables, the splice between the heat- wiring methods from the junction box to a location within
ing cable and nonheating leads, and 75-mm (3-in.) minimum the ceiling. Such installations shall be permitted to be single
of the nonheating lead at the splice shall be embedded in conductors in approved raceways, single or multiconductor
plaster or dry board in the same manner as the heating cable. Type UF, Type NMC, Type MI, or other approved

conductors.(E) Ceiling Surface The entire ceiling surface shall have
a finish of thermally noninsulating sand plaster that has a (B) Leads in Junction Box Not less than 150 mm (6 in.)
nominal thickness of 13 mm (1⁄2 in.), or other noninsulating of free nonheating lead shall be within the junction box.
material identified as suitable for this use and applied ac- The marking of the leads shall be visible in the junction
cording to specified thickness and directions. box.

(F) Secured Cables shall be secured by means of approved (C) Excess Leads Excess leads of heating cables shall not
stapling, tape, plaster, nonmetallic spreaders, or other ap- be cut but shall be secured to the underside of the ceiling
proved means either at intervals not exceeding 400 mm (16 and embedded in plaster or other approved material, leaving
in.) or at intervals not exceeding 1.8 m (6 ft) for cables only a length sufficient to reach the junction box with not
identified for such use. Staples or metal fasteners that strad- less than 150 mm (6 in.) of free lead within the box.
dle the cable shall not be used with metal lath or other
electrically conductive surfaces.

424.44 Installation of Cables in Concrete or
Poured Masonry Floors(G) Dry Board Installations In dry board installations, the

entire ceiling below the heating cable shall be covered with (A) Watts per Linear Foot Constant wattage heating ca-
gypsum board not exceeding 13 mm (1⁄2 in.) thickness. The bles shall not exceed 54 watts/linear meter (161⁄2 watts/linear
void between the upper layer of gypsum board, plaster lath, foot) of cable.
or other fire-resistant material and the surface layer of gyp-
sum board shall be completely filled with thermally conduc- (B) Spacing Between Adjacent Runs The spacing be-

tween adjacent runs of cable shall not be less than 25 mmtive, nonshrinking plaster or other approved material or
equivalent thermal conductivity. (1 in.) on centers.
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424.66Article 424 — Fixed Electric Space-Heating Equipment

(C) Secured in Place Cables shall be secured in place by 424.59 Airflow
nonmetallic frames or spreaders or other approved means Means shall be provided to ensure uniform and adequate
while the concrete or other finish is applied. airflow over the face of the heater in accordance with the

Cables shall not be installed where they bridge expan- manufacturer’s instructions.
sion joints unless protected from expansion and contraction.

FPN: Heaters installed within 1.2 m (4 ft) of the outlet of
an air-moving device, heat pump, air conditioner, elbows,(D) Spacings Between Heating Cable and Metal Embed-
baffle plates, or other obstructions in ductwork may re-ded in the Floor Spacings shall be maintained between the quire turning vanes, pressure plates, or other devices on

heating cable and metal embedded in the floor, unless the the inlet side of the duct heater to ensure an even distribu-
cable is a grounded metal-clad cable. tion of air over the face of the heater.

(E) Leads Protected Leads shall be protected where they 424.60 Elevated Inlet Temperature
leave the floor by rigid metal conduit, intermediate metal Duct heaters intended for use with elevated inlet air tempera-
conduit, rigid nonmetallic conduit, electrical metallic tubing, ture shall be identified as suitable for use at the elevated
or by other approved means. temperatures.

(F) Bushings or Approved Fittings Bushings or approved 424.61 Installation of Duct Heaters with Heat
fittings shall be used where the leads emerge within the floor

Pumps and Air Conditionersslab.
Heat pumps and air conditioners having duct heaters closer
than 1.2 m (4 ft) to the heat pump or air conditioner shall(G) Ground-Fault Circuit-Interrupter Protection
have both the duct heater and heat pump or air conditionerGround-fault circuit-interrupter protection for personnel
identified as suitable for such installation and so marked.shall be provided for cables installed in electrically heated

floors of bathrooms and in hydromassage bathtub locations.
424.62 Condensation
Duct heaters used with air conditioners or other air-coolingSection 424.44(G) requires the use of GFCI protection where
equipment that could result in condensation of moisture shallcables are installed in concrete or poured masonry floors,
be identified as suitable for use with air conditioners.thereby reducing shock hazards to persons with bare feet in

these areas. In the 2002 Code, the reference to conductive
424.63 Fan Circuit Interlockfloor coverings was removed to clarify the requirement for

GFCI protection in all the areas identified in 424.44(G), Means shall be provided to ensure that the fan circuit is
regardless of the type of floor covering over the concrete energized when any heater circuit is energized. However,
or poured masonry. This section was revised for the 2005 time- or temperature-controlled delay in energizing the fan
NEC by deleting the reference to spa and hot tub locations. motor shall be permitted.
In accordance with 680.27(C)(3), electric radiant heating
cables are not permitted in these locations. 424.64 Limit Controls

Each duct heater shall be provided with an approved, inte-
gral, automatic-reset temperature-limiting control or control-

424.45 Inspection and Tests lers to de-energize the circuit or circuits.
Cable installations shall be made with due care to prevent In addition, an integral independent supplementary con-
damage to the cable assembly and shall be inspected and trol or controllers shall be provided in each duct heater that
approved before cables are covered or concealed. disconnects a sufficient number of conductors to interrupt

current flow. This device shall be manually resettable or
replaceable.VI. Duct Heaters

424.57 General 424.65 Location of Disconnecting Means
Part VI shall apply to any heater mounted in the airstream Duct heater controller equipment shall be either accessible
of a forced-air system where the air-moving unit is not with the disconnecting means installed at or within sight
provided as an integral part of the equipment. from the controller or as permitted by 424.19(A).

424.66 Installation424.58 Identification
Duct heaters shall be installed in accordance with the manu-Heaters installed in an air duct shall be identified as suitable

for the installation. facturer’s instructions in such a manner that operation does
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424.70 Article 424 — Fixed Electric Space-Heating Equipment

not create a hazard to persons or property. Furthermore, duct vided loads as required by 424.72(A) and 424.72(B) shall
be as follows:heaters shall be located with respect to building construction

and other equipment so as to permit access to the heater.
(1) Factory-installed within or on the boiler enclosure orSufficient clearance shall be maintained to permit replace-

provided as a separate assembly by the boiler manufac-ment of controls and heating elements and for adjusting and
turercleaning of controls and other parts requiring such attention.

(2) Accessible, but need not be readily accessibleSee 110.26.
(3) Suitable for branch-circuit protection

FPN: For additional installation information, see NFPA
90A-2002, Standard for the Installation of Air-Condition-

Where cartridge fuses are used to provide this overcur-ing and Ventilating Systems, and NFPA 90B-2002, Stan-
dard for the Installation of Warm Air Heating and Air- rent protection, a single disconnecting means shall be permit-
Conditioning Systems. ted for the several subdivided circuits. See 240.40.

VII. Resistance-Type Boilers (D) Conductors Supplying Supplementary Overcurrent
Protective Devices The conductors supplying these supple-424.70 Scope
mentary overcurrent protective devices shall be considered

The provisions in Part VII of this article shall apply to boilers
branch-circuit conductors.

employing resistance-type heating elements. Electrode-type
Where the heaters are rated 50 kW or more, the conduc-

boilers shall not be considered as employing resistance-type
tors supplying the overcurrent protective device specified in

heating elements. See Part VIII of this article.
424.72(C) shall be permitted to be sized at not less than 100
percent of the nameplate rating of the heater, provided all424.71 Identification
of the following conditions are met:Resistance-type boilers shall be identified as suitable for the

installation. (1) The heater is marked with a minimum conductor size.
(2) The conductors are not smaller than the marked mini-424.72 Overcurrent Protection

mum size.
(A) Boiler Employing Resistance-Type Immersion Heat- (3) A temperature- or pressure-actuated device controls the
ing Elements in an ASME Rated and Stamped Vessel A cyclic operation of the equipment.
boiler employing resistance-type immersion heating ele-
ments contained in an ASME rated and stamped vessel shall (E) Conductors for Subdivided Loads Field-wired con-
have the heating elements protected at not more than 150 ductors between the heater and the supplementary overcur-
amperes. Such a boiler rated more than 120 amperes shall rent protective devices shall be sized at not less than 125
have the heating elements subdivided into loads not ex- percent of the load served. The supplementary overcurrent
ceeding 120 amperes. protective devices specified in 424.72(C) shall protect these

Where a subdivided load is less than 120 amperes, the conductors in accordance with 240.4.
rating of the overcurrent protective device shall comply with Where the heaters are rated 50 kW or more, the ampacity
424.3(B). of field-wired conductors between the heater and the supple-

mentary overcurrent protective devices shall be permitted(B) Boiler Employing Resistance-Type Heating Ele-
to be not less than 100 percent of the load of their respectivements Rated More Than 48 Amperes and Not Contained
subdivided circuits, provided all of the following conditionsin an ASME Rated and Stamped Vessel A boiler em-
are met:ploying resistance-type heating elements not contained in

an ASME rated and stamped vessel shall have the heating (1) The heater is marked with a minimum conductor size.
elements protected at not more than 60 amperes. Such a (2) The conductors are not smaller than the marked mini-
boiler rated more than 48 amperes shall have the heating mum size.
elements subdivided into loads not exceeding 48 amperes. (3) A temperature-activated device controls the cyclic oper-

Where a subdivided load is less than 48 amperes, the ation of the equipment.
rating of the overcurrent protective device shall comply with
424.3(B). 424.73 Overtemperature Limit Control

Each boiler designed so that in normal operation there is no
See the commentary following 424.22(B) for an explanation change in state of the heat transfer medium shall be equipped
of the subdivision requirement. with a temperature-sensitive limiting means. It shall be in-

stalled to limit maximum liquid temperature and shall di-
rectly or indirectly disconnect all ungrounded conductors to(C) Supplementary Overcurrent Protective Devices The

supplementary overcurrent protective devices for the subdi- the heating elements. Such means shall be in addition to a
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424.91Article 424 — Fixed Electric Space-Heating Equipment

temperature regulating system and other devices protecting shall directly or indirectly interrupt all current flow through
the electrodes. Such means shall be in addition to the temper-the tank against excessive pressure.
ature regulating system and other devices protecting the tank
against excessive pressure.424.74 Overpressure Limit Control

Each boiler designed so that in normal operation there is a
424.84 Overpressure Limit Controlchange in state of the heat transfer medium from liquid to

vapor shall be equipped with a pressure-sensitive limiting Each boiler, designed so that in normal operation there is a
means. It shall be installed to limit maximum pressure and change in state of the heat transfer medium from liquid to
shall directly or indirectly disconnect all ungrounded con- vapor, shall be equipped with a pressure-sensitive limiting
ductors to the heating elements. Such means shall be in means. It shall be installed to limit maximum pressure and
addition to a pressure regulating system and other devices shall directly or indirectly interrupt all current flow through
protecting the tank against excessive pressure. the electrodes. Such means shall be in addition to a pressure

regulating system and other devices protecting the tank
VIII. Electrode-Type Boilers against excessive pressure.

424.80 Scope
424.85 Grounding

The provisions in Part VIII of this article shall apply to
For those boilers designed such that fault currents do notboilers for operation at 600 volts, nominal, or less, in which
pass through the pressure vessel, and the pressure vessel isheat is generated by the passage of current between elec-
electrically isolated from the electrodes, all exposedtrodes through the liquid being heated.
non–current-carrying metal parts, including the pressure ves-

FPN: For over 600 volts, see Part V of Article 490. sel, supply, and return connecting piping, shall be grounded
in accordance with Article 250.

424.81 Identification For all other designs, the pressure vessel containing the
electrodes shall be isolated and electrically insulated fromElectrode-type boilers shall be identified as suitable for the
ground.installation.

424.86 Markings424.82 Branch-Circuit Requirements
All electrode-type boilers shall be marked to show the fol-The size of branch-circuit conductors and overcurrent protec-
lowing:tive devices shall be calculated on the basis of 125 percent

of the total load (motors not included). A contactor, relay, (1) The manufacturer’s name
or other device, approved for continuous operation at 100 (2) The normal rating in volts, amperes, and kilowatts
percent of its rating, shall be permitted to supply its full- (3) The electrical supply required specifying frequency,
rated load. See 210.19(A), Exception. The provisions of this number of phases, and number of wires
section shall not apply to conductors that form an integral (4) The marking ‘‘Electrode-Type Boiler’’
part of an approved boiler. (5) A warning marking, ‘‘All Power Supplies Shall Be Dis-

Where an electrode boiler is rated 50 kW or more, connected Before Servicing, Including Servicing the
the conductors supplying the boiler electrode(s) shall be Pressure Vessel’’
permitted to be sized at not less than 100 percent of the
nameplate rating of the electrode boiler, provided all the The nameplate shall be located so as to be visible after
following conditions are met: installation.
(1) The electrode boiler is marked with a minimum conduc-

IX. Electric Radiant Heating Panels andtor size.
(2) The conductors are not smaller than the marked mini- Heating Panel Sets

mum size.
424.90 Scope(3) A temperature- or pressure-actuated device controls the
The provisions of Part IX of this article shall apply to radiantcyclic operation of the equipment.
heating panels and heating panel sets.

424.83 Overtemperature Limit Control
424.91 DefinitionsEach boiler, designed so that in normal operation there is

no change in state of the heat transfer medium, shall be Heating Panel. A complete assembly provided with a junc-
tion box or a length of flexible conduit for connection to aequipped with a temperature-sensitive limiting means. It

shall be installed to limit maximum liquid temperature and branch circuit.
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424.92 Article 424 — Fixed Electric Space-Heating Equipment

Heating Panel Set. A rigid or nonrigid assembly provided to ensure that no heating panel or heating panel set is to be
covered by any surface-mounted units.with nonheating leads or a terminal junction assembly identi-

fied as being suitable for connection to a wiring system.
(4) Surfaces Covering Heating Panels After the heating
panels or heating panel sets are installed and inspected, it

424.92 Markings shall be permitted to install a surface that has been identified
(A) Location Markings shall be permanent and in a loca- by the manufacturer’s instructions as being suitable for the
tion that is visible prior to application of panel finish. installation. The surface shall be secured so that the nails

or other fastenings do not pierce the heating panels or heating
(B) Identified as Suitable Each unit shall be identified as panel sets.
suitable for the installation.

(5) Surface Coverings Surfaces permitted by 424.93(A)(4)
shall be permitted to be covered with paint, wallpaper, or other(C) Required Markings Each unit shall be marked with
approved surfaces identified in the manufacturer’s instruc-the identifying name or identification symbol, catalog num-
tions as being suitable.ber, and rating in volts and watts or in volts and amperes.

(B) Heating Panel Sets(D) Labels Provided by Manufacturer The manufactur-
ers of heating panels or heating panel sets shall provide (1) Mounting Location Heating panel sets shall be permit-
marking labels that indicate that the space-heating installa- ted to be secured to the lower face of joists or mounted in
tion incorporates heating panels or heating panel sets and between joists, headers, or nailing strips.
instructions that the labels shall be affixed to the panelboards

(2) Parallel to Joists or Nailing Strips Heating panel setsto identify which branch circuits supply the circuits to those
shall be installed parallel to joists or nailing strips.space-heating installations. If the heating panels and heating

panel set installations are visible and distinguishable after (3) Installation of Nails, Staples, or Other Fasteners
installation, the labels shall not be required to be provided Nailing or stapling of heating panel sets shall be done only
and affixed to the panelboards. through the unheated portions provided for this purpose.

Heating panel sets shall not be cut through or nailed through
424.93 Installation any point closer than 6 mm (1⁄4 in.) to the element. Nails,

staples, or other fasteners shall not be used where they(A) General
penetrate current-carrying parts.

(1) Manufacturer’s Instructions Heating panels and heat-
ing panel sets shall be installed in accordance with the manu- (4) Installed as Complete Unit Heating panel sets shall
facturer’s instructions. be installed as complete units unless identified as suitable

for field cutting in an approved manner.
(2) Locations Not Permitted The heating portion shall not
be installed as follows: 424.94 Clearances of Wiring in Ceilings

Wiring located above heated ceilings shall be spaced not(1) In or behind surfaces where subject to physical damage
less than 50 mm (2 in.) above the heated ceiling and shall(2) Run through or above walls, partitions, cupboards, or
be considered as operating at an ambient of 50�C (122�F).similar portions of structures that extend to the ceiling.
The ampacity shall be calculated on the basis of the correc-(3) Run in or through thermal insulation, but shall be per-
tion factors given in the 0–2000 volt ampacity tables ofmitted to be in contact with the surface of thermal
Article 310. If this wiring is located above thermal insula-insulation.
tions having a minimum thickness of 50 mm (2 in.), the
wiring shall not require correction for temperature.(3) Separation from Outlets for Luminaires (Lighting

Fixtures) Edges of panels and panel sets shall be separated
424.95 Location of Branch-Circuit and Feederby not less than 200 mm (8 in.) from the edges of any outlet

boxes and junction boxes that are to be used for mounting Wiring in Walls
surface luminaires (lighting fixtures). A clearance of not less (A) Exterior Walls Wiring methods shall comply with Ar-
than 50 mm (2 in.) shall be provided from recessed lumi- ticle 300 and 310.10.
naires (fixtures) and their trims, ventilating openings, and
other such openings in room surfaces, unless the heating (B) Interior Walls Any wiring behind heating panels or

heating panel sets located in interior walls or partitions shallpanels and panel sets are listed and marked for lesser clear-
ances, in which case they shall be permitted to be installed be considered as operating at an ambient temperature of

40�C (104�F), and the ampacity shall be calculated on theat the marked clearances. Sufficient area shall be provided
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424.99Article 424 — Fixed Electric Space-Heating Equipment

basis of the correction factors given in the 0–2000 volt metal conduit, rigid nonmetallic conduit, or electrical metal-
lic tubing, or by other approved means.ampacity tables of Article 310.

(F) Bushings or Fittings Required Bushings or approved424.96 Connection to Branch-
fittings shall be used where the leads emerge within the floorCircuit Conductors
slabs.

(A) General Heating panels or heating panel sets assem-
bled together in the field to form a heating installation in

424.99 Installation Under Floor Coveringone room or area shall be connected in accordance with the
(A) Identification Heating panels or heating panel sets formanufacturer’s instructions.
installation under floor covering shall be identified as suit-

(B) Heating Panels Heating panels shall be connected to able for installation under floor covering.
branch-circuit wiring by an approved wiring method.

(B) Maximum Heated Area Heating panels or panel sets
(C) Heating Panel Sets installed under floor covering shall not exceed 160 watts/

m2 (15 watts/ft2) of heated area.(1) Connection to Branch Circuit Wiring Heating panel
sets shall be connected to branch-circuit wiring by a method

(C) Installation Listed heating panels or panel sets, if in-identified as being suitable for the purpose.
stalled under floor covering, shall be installed on floor sur-
faces that are smooth and flat in accordance with the(2) Panel Sets with Terminal Junction Assembly A heat-

ing panel set provided with terminal junction assembly shall manufacturer’s instructions and shall also comply with
424.99(C)(1) through (C)(5).be permitted to have the nonheating leads attached at the

time of installation in accordance with the manufacturer’s
(1) Expansion Joints Heating panels or heating panel setsinstructions.
shall not be installed where they bridge expansion joints
unless protected from expansion and contraction.424.97 Nonheating Leads

Excess nonheating leads of heating panels or heating panel (2) Connection to Conductors Heating panels and heating
sets shall be permitted to be cut to the required length. They panel sets shall be connected to branch-circuit and supply
shall meet the installation requirements of the wiring method wiring by wiring methods recognized in Chapter 3.
employed in accordance with 424.96. Nonheating leads shall
be an integral part of a heating panel and a heating panel (3) Anchoring Heating panels and heating panel sets shall
set and shall not be subjected to the ampacity requirements be firmly anchored to the floor using an adhesive or anchor-
of 424.3(B) for branch circuits. ing system identified for this use.

(4) Coverings After heating panels or heating panel sets424.98 Installation in Concrete or
are installed and inspected, they shall be permitted to bePoured Masonry
covered by a floor covering that has been identified by

(A) Maximum Heated Area Heating panels or heating
the manufacturer as being suitable for the installation. The

panel sets shall not exceed 355 watts/m2 (33 watts/ft2) of
covering shall be secured to the heating panel or heating

heated area.
panel sets with release-type adhesives or by means identified
for this use.(B) Secured in Place and Identified as Suitable Heating

panels or heating panel sets shall be secured in place by
(5) Fault Protection A device to open all ungrounded con-means specified in the manufacturer’s instructions and iden-
ductors supplying the heating panels or heating panel sets,tified as suitable for the installation.
provided by the manufacturer, shall function when a low-
or high-resistance line-to-line, line-to-grounded conductor,(C) Expansion Joints Heating panels or heating panel sets
or line-to-ground fault occurs, such as the result of a penetra-shall not be installed where they bridge expansion joints
tion of the element or element assembly.unless provision is made for expansion and contraction.

FPN: An integral grounding shield may be required to(D) Spacings Spacings shall be maintained between heat-
provide this protection.ing panels or heating panel sets and metal embedded in the

floor. Grounded metal-clad heating panels shall be permitted
A system that uses conductive-film heating elements is anto be in contact with metal embedded in the floor.
example of a heating system that could be installed under

(E) Protection of Leads Leads shall be protected where a floor covering.
they leave the floor by rigid metal conduit, intermediate
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426.1 Article 426 — Fixed Outdoor Electric Deicing and Snow-Melting Equipment

ARTICLE 426 426.25 Marking
426.26 Corrosion ProtectionFixed Outdoor Electric Deicing and
426.27 Grounding Braid or SheathSnow-Melting Equipment
426.28 Equipment Protection

IV. Impedance Heating
426.30 Personnel ProtectionSummary of Changes
426.31 Isolation Transformer• 426.4: Added requirement that deicing and snow-melting
426.32 Voltage Limitationsequipment be considered a continuous load.
426.33 Induced Currents
426.34 Grounding

V. Skin-Effect Heating
426.40 Conductor AmpacityContents
426.41 Pull Boxes

I. General 426.42 Single Conductor in Enclosure
426.1 Scope 426.43 Corrosion Protection

(A) Embedded 426.44 Grounding
(B) Exposed VI. Control and Protection

426.2 Definitions 426.50 Disconnecting Means
426.3 Application of Other Articles (A) Disconnection
426.4 Continuous Load (B) Cord-and-Plug-Connected Equipment

II. Installation 426.51 Controllers
426.10 General (A) Temperature Controller with ‘‘Off’’ Position
426.11 Use (B) Temperature Controller Without ‘‘Off’’ Position
426.12 Thermal Protection (C) Remote Temperature Controller
426.13 Identification (D) Combined Switching Devices
426.14 Special Permission 426.52 Overcurrent Protection

III. Resistance Heating Elements 426.54 Cord-and-Plug-Connected Deicing and Snow-
426.20 Embedded Deicing and Snow-Melting Melting Equipment

Equipment
(A) Watt Density
(B) Spacing I. General
(C) Cover

426.1 Scope(D) Secured
The requirements of this article shall apply to electrically(E) Expansion and Contraction
energized heating systems and the installation of these sys-426.21 Exposed Deicing and Snow-Melting Equipment
tems.(A) Secured

(B) Overtemperature
(A) Embedded Embedded in driveways, walks, steps, and(C) Expansion and Contraction
other areas.(D) Flexural Capability

426.22 Installation of Nonheating Leads for Embedded (B) Exposed Exposed on drainage systems, bridge struc-
Equipment tures, roofs, and other structures.

(A) Grounding Sheath or Braid
(B) Raceways

Article 426 includes requirements for resistance heating ele-(C) Bushings
ments, impedance heating systems, or skin-effect heating(D) Expansion and Contraction
systems used for deicing and snow melting. These systems(E) Leads in Junction Boxes
are defined in 426.2.426.23 Installation of Nonheating Leads for Exposed

Equipment
(A) Nonheating Leads 426.2 Definitions
(B) Protection

Heating System. A complete system consisting of compo-426.24 Electrical Connection
nents such as heating elements, fastening devices, nonheat-(A) Heating Element Connections
ing circuit wiring, leads, temperature controllers, safety(B) Circuit Connections
signs, junction boxes, raceways, and fittings.
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426.20Article 426 — Fixed Outdoor Electric Deicing and Snow-Melting Equipment

Impedance Heating System. A system in which heat is Underwriters Laboratories Inc. requires that manufacturers
generated in a pipe or rod, or combination of pipes and rods, of UL-listed mat or cable deicing and snow-melting equip-
by causing current to flow through the pipe or rod by direct ment provide specific installation instructions for their prod-
connection to an ac voltage source from a dual-winding ucts. The instructions supplement the requirements
transformer. The pipe or rod shall be permitted to be embed- contained in Article 426. For example, if the equipment can
ded in the surface to be heated, or constitute the exposed be installed only in concrete that is double poured (poured
components to be heated. in two parts), the installation instructions are to specifically

require that installation technique. Where the instructionsResistance Heating Element. A specific separate element
do not specifically require that a double-pour installationto generate heat that is embedded in or fastened to the surface
process be used, it is acceptable to use either a single- orto be heated.
double-pour method of installation. See 110.3(B) regarding

FPN: Tubular heaters, strip heaters, heating cable, heat- the installation and use of listed or labeled equipment.
ing tape, and heating panels are examples of resistance
heaters.

426.12 Thermal Protection
Skin-Effect Heating System. A system in which heat is

External surfaces of outdoor electric deicing and snow-generated on the inner surface of a ferromagnetic envelope
melting equipment that operate at temperatures exceedingembedded in or fastened to the surface to be heated.
60�C (140�F) shall be physically guarded, isolated, or ther-

FPN: Typically, an electrically insulated conductor is mally insulated to protect against contact by personnel in
routed through and connected to the envelope at the the area.
other end. The envelope and the electrically insulated
conductor are connected to an ac voltage source from a

426.13 Identificationdual-winding transformer.
The presence of outdoor electric deicing and snow-melting
equipment shall be evident by the posting of appropriate426.3 Application of Other Articles
caution signs or markings where clearly visible.Cord-and-plug-connected fixed outdoor electric deicing and

snow-melting equipment intended for specific use and iden-
426.14 Special Permissiontified as suitable for this use shall be installed according to
Fixed outdoor deicing and snow-melting equipment em-Article 422.
ploying methods of construction or installation other than
covered by this article shall be permitted only by special426.4 Continuous Load
permission.

Fixed outdoor electric deicing and snow-melting equipment
shall be considered as a continuous load.

See the definition of special permission in Article 100.

Section 426.4 was completely revised for the 2005 Code to
clarify that fixed outdoor electric deicing and snow-melting III. Resistance Heating Elements
equipment must be considered a continuous load when sizing

426.20 Embedded Deicing andthe branch circuits, feeders, and service conductors over
Snow-Melting Equipmentovercurrent protective devices.
(A) Watt Density Panels or units shall not exceed 1300
watts/m2 (120 watts/ft2) of heated area.

II. Installation
(B) Spacing The spacing between adjacent cable runs is

426.10 General dependent upon the rating of the cable and shall be not less
than 25 mm (1 in.) on centers.Equipment for outdoor electric deicing and snow melting

shall be identified as being suitable for the following:
(C) Cover Units, panels, or cables shall be installed as
follows:(1) The chemical, thermal, and physical environment

(2) Installation in accordance with the manufacturer’s draw- (1) On a substantial asphalt or masonry base at least 50
ings and instructions mm (2 in.) thick and have at least 38 mm (11⁄2 in.) of

asphalt or masonry applied over the units, panels, or
426.11 Use cables; or

(2) They shall be permitted to be installed over other ap-Electrical heating equipment shall be installed in such a
manner as to be afforded protection from physical damage. proved bases and embedded within 90 mm (31⁄2 in.) of
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426.21 Article 426 — Fixed Outdoor Electric Deicing and Snow-Melting Equipment

masonry or asphalt but not less than 38 mm (11⁄2 in.) or asphalt by rigid conduit, electrical metallic tubing, inter-
mediate metal conduit, other raceways, or other approvedfrom the top surface; or

(3) Equipment that has been specially investigated for other means.
forms of installation shall be installed only in the manner

(E) Leads in Junction Boxes Not less than 150 mmfor which it has been investigated.
(6 in.) of free nonheating lead shall be within the junction

(D) Secured Cables, units, and panels shall be secured in box.
place by frames or spreaders or other approved means while
the masonry or asphalt finish is applied. 426.23 Installation of Nonheating Leads for

Exposed Equipment(E) Expansion and Contraction Cables, units, and panels
shall not be installed where they bridge expansion joints (A) Nonheating Leads Power supply nonheating leads
unless provision is made for expansion and contraction. (cold leads) for resistance elements shall be suitable for the

temperature encountered. Not less than 150 mm (6 in.) of
426.21 Exposed Deicing and nonheating leads shall be provided within the junction box.
Snow-Melting Equipment Preassembled factory supplied and field assembled nonheat-

ing leads on approved heaters shall be permitted to be short-(A) Secured Heating element assemblies shall be secured
ened if the markings specified in 426.25 are retained.to the surface being heated by approved means.

(B) Overtemperature Where the heating element is not in (B) Protection Nonheating power supply leads shall be en-
direct contact with the surface being heated, the design of the closed in a rigid conduit, intermediate metal conduit, electri-
heater assembly shall be such that its temperature limitations cal metallic tubing, or other approved means.
shall not be exceeded.

426.24 Electrical Connection(C) Expansion and Contraction Heating elements and as-
(A) Heating Element Connections Electrical connections,semblies shall not be installed where they bridge expansion
other than factory connections of heating elements to non-joints unless provision is made for expansion and contrac-
heating elements embedded in masonry or asphalt or ontion.
exposed surfaces, shall be made with insulated connectors

(D) Flexural Capability Where installed on flexible struc- identified for the use.
tures, the heating elements and assemblies shall have a flex-
ural capability that is compatible with the structure. (B) Circuit Connections Splices and terminations at the

end of the nonheating leads, other than the heating element
426.22 Installation of Nonheating Leads for end, shall be installed in a box or fitting in accordance with
Embedded Equipment 110.14 and 300.15.
(A) Grounding Sheath or Braid Nonheating leads having

426.25 Markinga grounding sheath or braid shall be permitted to be embed-
ded in the masonry or asphalt in the same manner as the Each factory-assembled heating unit shall be legibly marked
heating cable without additional physical protection. within 75 mm (3 in.) of each end of the nonheating leads

with the permanent identification symbol, catalog number,(B) Raceways All but 25 mm to 150 mm (1 in. to 6 in.)
and ratings in volts and watts or in volts and amperes.of nonheating leads of Type TW and other approved types

not having a grounding sheath shall be enclosed in a rigid
426.26 Corrosion Protectionconduit, electrical metallic tubing, intermediate metal con-

duit, or other raceways within asphalt or masonry; and the Ferrous and nonferrous metal raceways, cable armor, cable
distance from the factory splice to raceway shall not be less sheaths, boxes, fittings, supports, and support hardware shall
than 25 mm (1 in.) or more than 150 mm (6 in.). be permitted to be installed in concrete or in direct contact

with the earth, or in areas subject to severe corrosive influ-
(C) Bushings Insulating bushings shall be used in the as- ences, where made of material suitable for the condition,
phalt or masonry where leads enter conduit or tubing. or where provided with corrosion protection identified as

suitable for the condition.
See 300.4(F) and the associated commentary for further
information regarding insulating bushings. 426.27 Grounding Braid or Sheath

Grounding means, such as copper braid, metal sheath, or
other approved means, shall be provided as part of the heated(D) Expansion and Contraction Leads shall be protected

in expansion joints and where they emerge from masonry section of the cable, panel, or unit.
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426.50Article 426 — Fixed Outdoor Electric Deicing and Snow-Melting Equipment

426.28 Equipment Protection 426.33 Induced Currents
Ground-fault protection of equipment shall be provided for All current-carrying components shall be installed in accor-

dance with 300.20.fixed outdoor electric deicing and snow-melting equipment,
except for equipment that employs mineral-insulated, metal-
sheathed cable embedded in a noncombustible medium. 426.34 Grounding

An impedance heating system that is operating at a voltage
Section 426.28 was revised for the 1999 Code to require greater than 30 but not more than 80 shall be grounded at
ground-fault protection of equipment for fixed outdoor elec- a designated point(s).
tric deicing and snow-melting equipment. Rather than pro-
tecting the entire branch circuit, the ground-fault protection V. Skin-Effect Heating
requirement is focused on protecting just the equipment

426.40 Conductor Ampacityitself. This affords the manufacturer and the user an option
The current through the electrically insulated conductor in-of providing both circuit and equipment protection, or just
side the ferromagnetic envelope shall be permitted to exceedthe required equipment protection. This required protection
the ampacity values shown in Article 310, provided it isfor fixed outdoor deicing and snow-melting equipment may
identified as suitable for this use.be accomplished by using circuit breakers equipped with

ground-fault equipment protection (GFEP) or an integral
426.41 Pull Boxesdevice supplied as part of the deicing or snow-melting equip-

ment that is sensitive to leakage currents in the magnitude Where pull boxes are used, they shall be accessible without
of 6 milliamperes to 50 milliamperes [referred to by UL as excavation by location in suitable vaults or above grade.
ground-fault equipment protection circuit interrupters Outdoor pull boxes shall be of watertight construction.
(GFEPCIs)]. These protection devices, if applied properly,
will substantially reduce the risk of a fire being started by 426.42 Single Conductor in Enclosure
low-level electrical arcing. The provisions of 300.20 shall not apply to the installation

It is important to understand that this required equipment of a single conductor in a ferromagnetic envelope (metal
protection is not the same as a GFCI used for personal enclosure).
protection that trips at 5 milliamperes (	1 milliampere).

For further information regarding ground-fault equip- 426.43 Corrosion Protection
ment protection used to comply with 426.28 and 427.22,

Ferromagnetic envelopes, ferrous or nonferrous metal race-refer to the UL General Information for Electrical Equip-
ways, boxes, fittings, supports, and support hardware shallment Directory (White Book), category KCZI.
be permitted to be installed in concrete or in direct contact
with the earth, or in areas subjected to severe corrosive

IV. Impedance Heating influences, where made of material suitable for the condition,
or where provided with corrosion protection identified as426.30 Personnel Protection
suitable for the condition. Corrosion protection shall main-

Exposed elements of impedance heating systems shall be
tain the original wall thickness of the ferromagnetic enve-

physically guarded, isolated, or thermally insulated with a
lope.

weatherproof jacket to protect against contact by personnel
in the area. 426.44 Grounding

The ferromagnetic envelope shall be grounded at both ends;426.31 Isolation Transformer
and, in addition, it shall be permitted to be grounded atA dual-winding transformer with a grounded shield between
intermediate points as required by its design.the primary and secondary windings shall be used to isolate

The provisions of 250.30 shall not apply to the installa-the distribution system from the heating system.
tion of skin-effect heating systems.

426.32 Voltage Limitations
FPN: For grounding methods, see Article 250.

Unless protected by ground-fault circuit-interrupter protec-
tion for personnel, the secondary winding of the isolation VI. Control and Protection
transformer connected to the impedance heating elements

426.50 Disconnecting Meansshall not have an output voltage greater than 30 volts ac.
Where ground-fault circuit-interrupter protection for (A) Disconnection All fixed outdoor deicing and snow-

melting equipment shall be provided with a means for dis-personnel is provided, the voltage shall be permitted to be
greater than 30 but not more than 80 volts. connection from all ungrounded conductors. Where readily
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426.51 Article 427 — Fixed Electric Heating Equipment for Pipelines and Vessels

accessible to the user of the equipment, the branch-circuit 426.52 Overcurrent Protection
switch or circuit breaker shall be permitted to serve as the Fixed outdoor electric deicing and snow-melting equipment
disconnecting means. The disconnecting means shall be of shall be permitted to be protected against overcurrent where
the indicating type and be provided with a positive lockout supplied by a branch circuit as specified in 426.4.
in the ‘‘off’’ position.

426.54 Cord-and-Plug-Connected Deicing and
The requirements for the disconnecting means have been Snow-Melting Equipment
made more stringent in the 2005 Code. The disconnect must

Cord-and-plug-connected deicing and snow-melting equip-
indicate when it is in the on or off position. It must also be

ment shall be listed.
provided with a means for locking the disconnect in the off
position. The disconnecting means is allowed to be the

According to the UL General Information for Electricalbranch circuit switch or circuit breaker where it is ‘‘readily
Equipment Directory (White Book), category KOBQ, ULaccessible’’; in that case, it must have a means for a positive
listed deicing and snow-melting equipment is provided withlockout in the off position.
means for permanent wiring connection, except the equip-
ment rated 20 amperes or less and 150 volts or less to ground
may be of cord-and-plug-connected construction. See the(B) Cord-and-Plug-Connected Equipment The factory-
definition of listed in Article 100.installed attachment plug of cord-and-plug-connected equip-

ment rated 20 amperes or less and 150 volts or less to ground
shall be permitted to be the disconnecting means.

ARTICLE 427
Fixed Electric Heating Equipment426.51 Controllers

(A) Temperature Controller with ‘‘Off’’ Position Tem- for Pipelines and Vessels
perature controlled switching devices that indicate an ‘‘off’’
position and that interrupt line current shall open all un-

Summary of Changesgrounded conductors when the control device is in the ‘‘off’’
position. These devices shall not be permitted to serve as • 427.4: Added requirement that fixed electric heating

equipment for pipelines and vessels is considered to be athe disconnecting means unless provided with a positive
lockout in the ‘‘off’’ position. continuous load.

• 427.27, Exception: Added exception to allow an increase
(B) Temperature Controller Without ‘‘Off’’ Position in the supply voltage, from 80 volts to 132 volts to ground,
Temperature controlled switching devices that do not have an in industrial establishments where GFCI protection is pro-
‘‘off’’ position shall not be required to open all ungrounded vided and the four conditions are met.
conductors and shall not be permitted to serve as the discon-
necting means.

(C) Remote Temperature Controller Remote controlled Contents
temperature-actuated devices shall not be required to meet

I. Generalthe requirements of 426.51(A). These devices shall not be
427.1 Scopepermitted to serve as the disconnecting means.
427.2 Definitions
427.3 Application of Other Articles(D) Combined Switching Devices Switching devices con-
427.4 Continuous Loadsisting of combined temperature-actuated devices and manu-

II. Installationally controlled switches that serve both as the controller
427.10 Generaland the disconnecting means shall comply with all of the
427.11 Usefollowing conditions:
427.12 Thermal Protection

(1) Open all ungrounded conductors when manually placed 427.13 Identification
in the ‘‘off’’ position III. Resistance Heating Elements

(2) Be so designed that the circuit cannot be energized 427.14 Secured
automatically if the device has been manually placed 427.15 Not in Direct Contact
in the ‘‘off’’ position 427.16 Expansion and Contraction

(3) Be provided with a positive lockout in the ‘‘off’’ posi- 427.17 Flexural Capability
tion
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427.4Article 427 — Fixed Electric Heating Equipment for Pipelines and Vessels

Maintenance of Electrical Resistance Heat Tracing for
427.18 Power Supply Leads Industrial Applications, and ANSI/IEEE Std. 844-2000,

Recommended Practice for Electrical Impedance, Induc-(A) Nonheating Leads
tion, and Skin Effect Heating of Pipelines and Vessels.(B) Power Supply Leads Protection

(C) Interconnecting Leads
427.2 Definitions427.19 Electrical Connections
Impedance Heating System. A system in which heat is(A) Nonheating Interconnections
generated in a pipeline or vessel wall by causing current to(B) Circuit Connections
flow through the pipeline or vessel wall by direct connection427.20 Marking
to an ac voltage source from a dual-winding transformer.427.22 Equipment Protection

427.23 Grounded Conductive Covering Induction Heating System. A system in which heat is gen-
(A) Heating Wires or Cables erated in a pipeline or vessel wall by inducing current and
(B) Heating Panels hysteresis effect in the pipeline or vessel wall from an exter-

IV. Impedance Heating nal isolated ac field source.
427.25 Personnel Protection

Integrated Heating System. A complete system consisting427.26 Isolation Transformer
of components such as pipelines, vessels, heating elements,427.27 Voltage Limitations
heat transfer medium, thermal insulation, moisture barrier,427.28 Induced Currents
nonheating leads, temperature controllers, safety signs, junc-427.29 Grounding
tion boxes, raceways, and fittings.427.30 Secondary Conductor Sizing

V. Induction Heating Pipeline. A length of pipe including pumps, valves, flanges,
427.35 Scope control devices, strainers, and/or similar equipment for con-
427.36 Personnel Protection veying fluids.
427.37 Induced Current

Resistance Heating Element. A specific separate elementVI. Skin-Effect Heating
to generate heat that is applied to the pipeline or vessel427.45 Conductor Ampacity
externally or internally.427.46 Pull Boxes

FPN: Tubular heaters, strip heaters, heating cable, heat-427.47 Single Conductor in Enclosure
ing tape, heating blankets, and immersion heaters are427.48 Grounding
examples of resistance heaters.VII. Control and Protection

427.55 Disconnecting Means Skin-Effect Heating System. A system in which heat is
(A) Switch or Circuit Breaker generated on the inner surface of a ferromagnetic envelope
(B) Cord-and-Plug-Connected Equipment attached to a pipeline or vessel, or both.

427.56 Controls
FPN: Typically, an electrically insulated conductor is

(A) Temperature Control with ‘‘Off’’ Position routed through and connected to the envelope at the
(B) Temperature Control Without ‘‘Off’’ Position other end. The envelope and the electrically insulated

conductor are connected to an ac voltage source from a(C) Remote Temperature Controller
dual-winding transformer.(D) Combined Switching Devices

427.57 Overcurrent Protection Vessel. A container such as a barrel, drum, or tank for
holding fluids or other material.

I. General
427.3 Application of Other Articles

427.1 Scope
Cord-connected pipe heating assemblies intended for spe-

The requirements of this article shall apply to electrically cific use and identified as suitable for this use shall be
energized heating systems and the installation of these sys- installed according to Article 422.
tems used with pipelines or vessels or both.

427.4 Continuous Load
Article 427 includes requirements for impedance heating, Fixed electric heating equipment for pipelines and vessels
induction heating, and skin-effect heating, in addition to shall be considered continuous load.
resistance heating elements. Definitions of the various sys-
tems are provided in 427.2. The requirement in 427.4 has been amended and is phrased

to eliminate any question about whether the heating equip-
FPN: For further information, see ANSI/IEEE Std. 515- ment is a continuous load, as defined in Article 100.
1997, Standard for the Testing, Design, Installation and
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427.10 Article 427 — Fixed Electric Heating Equipment for Pipelines and Vessels

temperature encountered. Not less than 150 mm (6 in.) ofII. Installation
nonheating leads shall be provided within the junction box.

427.10 General Preassembled factory supplied and field assembled nonheat-
ing leads on approved heaters shall be permitted to be short-Equipment for pipeline and vessel electrical heating shall

be identified as being suitable for (1) the chemical, thermal, ened if the markings specified in 427.20 are retained.
and physical environment and (2) installation in accordance

(B) Power Supply Leads Protection Nonheating powerwith the manufacturer’s drawings and instructions.
supply leads shall be protected where they emerge from
electrically heated pipeline or vessel heating units by rigid

427.11 Use metal conduit, intermediate metal conduit, electrical metallic
Electrical heating equipment shall be installed in such a tubing, or other raceways identified as suitable for the appli-
manner as to be afforded protection from physical damage. cation.

(C) Interconnecting Leads Interconnecting nonheating427.12 Thermal Protection
leads connecting portions of the heating system shall be

External surfaces of pipeline and vessel heating equipment permitted to be covered by thermal insulation in the same
that operate at temperatures exceeding 60�C (140�F) shall manner as the heaters.
be physically guarded, isolated, or thermally insulated to
protect against contact by personnel in the area. 427.19 Electrical Connections

(A) Nonheating Interconnections Nonheating intercon-
427.13 Identification nections, where required under thermal insulation, shall be
The presence of electrically heated pipelines, vessels, or made with insulated connectors identified as suitable for this
both, shall be evident by the posting of appropriate caution use.
signs or markings at frequent intervals along the pipeline or

(B) Circuit Connections Splices and terminations outsidevessel.
the thermal insulation shall be installed in a box or fitting
in accordance with 110.14 and 300.15.III. Resistance Heating Elements

427.14 Secured 427.20 Marking
Heating element assemblies shall be secured to the surface Each factory-assembled heating unit shall be legibly marked
being heated by means other than the thermal insulation. within 75 mm (3 in.) of each end of the nonheating leads

with the permanent identification symbol, catalog number,
and ratings in volts and watts or in volts and amperes.427.15 Not in Direct Contact

Where the heating element is not in direct contact with the
427.22 Equipment Protectionpipeline or vessel being heated, means shall be provided to
Ground-fault protection of equipment shall be provided forprevent overtemperature of the heating element unless the
electric heat tracing and heating panels. This requirementdesign of the heater assembly is such that its temperature
shall not apply in industrial establishments where there islimitations will not be exceeded.
alarm indication of ground faults and the following condi-
tions apply:427.16 Expansion and Contraction
(1) Conditions of maintenance and supervision ensure thatHeating elements and assemblies shall not be installed where

only qualified persons service the installed systems.they bridge expansion joints unless provisions are made for
(2) Continued circuit operation is necessary for safe opera-expansion and contraction.

tion of equipment or processes.

427.17 Flexural Capability
Section 427.22 states that electric heat-tracing and heatingWhere installed on flexible pipelines, the heating elements
panels must have ground-fault protection for equipment ex-and assemblies shall have a flexural capability that is com-
cept in industrial establishments where an alarm indicationpatible with the pipeline.
of a ground fault is provided and the two conditions of
427.22 are met.427.18 Power Supply Leads

Rather than protecting the entire branch circuit, the
(A) Nonheating Leads Power supply nonheating leads ground-fault protection requirement is focused on protecting
(cold leads) for resistance elements shall be suitable for the
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427.30Article 427 — Fixed Electric Heating Equipment for Pipelines and Vessels

just the equipment itself. This affords the manufacturer and 427.26 Isolation Transformer
the user an option of providing both circuit and equipment A dual-winding transformer with a grounded shield between
protection or just the required equipment protection. This the primary and secondary windings shall be used to isolate
required protection may be accomplished by using circuit the distribution system from the heating system.
breakers equipped with ground-fault equipment protection
(GFEP) or an integral device supplied as part of the pipeline

427.27 Voltage Limitationsor vessel heating equipment that is sensitive to leakage cur-
Unless protected by ground-fault circuit-interrupter protec-rents in the magnitude of 6 milliamperes to 50 milliamperes
tion for personnel, the secondary winding of the isolation[referred to by UL as ground-fault equipment protection
transformer connected to the pipeline or vessel being heatedcircuit-interrupters (GFEPCIs)]. These protection devices,
shall not have an output voltage greater than 30 volts ac.if applied properly, substantially reduce the risk of a fire

Where ground-fault circuit-interrupter protection forbeing started by low-level electrical arcing.
personnel is provided, the voltage shall be permitted to beIt is important to understand that this required equipment
greater than 30 but not more than 80 volts.protection is not the same as a GFCI used for personal

protection that trips at 5 milliamperes (	1 milliampere).
Exception: In industrial establishments, the isolation trans-For further information regarding ground-fault equip-
former connected to the pipeline or vessel being heated shallment protection used to comply with 426.28 and 427.22,
be permitted to have an output voltage not greater than 132refer to the UL General Information for Electrical Equip-
volts ac to ground where all of the following conditionsment Directory (White Book), category KCZI.
apply:

(1) Conditions of maintenance and supervision ensure that
427.23 Grounded Conductive Covering only qualified persons service the installed systems.
Electric heating equipment shall be listed and have a (2) Ground fault protection of equipment is provided.
grounded conductive covering in accordance with 427.23(A) (3) The pipeline or vessel being heated is completely en-
or 427.23(B). The conductive covering shall provide an ef- closed in a grounded metal enclosure.
fective ground path for equipment protection. (4) The transformer secondary connections to the pipeline

or vessel being heated are completely enclosed in a
grounded metal mesh or metal enclosure.Section 427.23 requires a listed grounded conductive cov-

ering on all heaters. This grounded conductive covering is
intended to provide a ground fault current path in order to An exception to 427.27 was added to the 2005 Code to
trip circuit or ground-fault protective devices, thus reducing allow a higher voltage of 132 volts for impedance heating
the potential for fire and electric shock. It also provides where installed in industrial establishments, provided the
added mechanical protection of the heating cable or panel. four prerequisites are followed. For other than industrial

establishments, the maximum operating voltage allowed is
30 volts ac; where GFCI protection is used, a maximum of

(A) Heating Wires or Cables Heating wires or cables shall 80 volts ac is permitted.
have a grounded conductive covering that surrounds the
heating element and bus wires, if any, and their electrical
insulation. 427.28 Induced Currents

All current-carrying components shall be installed in accor-(B) Heating Panels Heating panels shall have a grounded
dance with 300.20.conductive covering over the heating element and its electri-

cal insulation on the side opposite the side attached to the
surface to be heated. 427.29 Grounding

The pipeline, vessel, or both, that is being heated and op-
IV. Impedance Heating erating at a voltage greater than 30 but not more than 80

shall be grounded at designated points.427.25 Personnel Protection
All accessible external surfaces of the pipeline, vessel, or

427.30 Secondary Conductor Sizingboth, being heated shall be physically guarded, isolated, or
thermally insulated (with a weatherproof jacket for outside The ampacity of the conductors connected to the secondary

of the transformer shall be at least 100 percent of the totalinstallations) to protect against contact by personnel in the
area. load of the heater.
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427.35 Article 427 — Fixed Electric Heating Equipment for Pipelines and Vessels

V. Induction Heating VII. Control and Protection
427.35 Scope 427.55 Disconnecting Means
This part covers the installation of line frequency induction (A) Switch or Circuit Breaker Means shall be provided

to disconnect all fixed electric pipeline or vessel heatingheating equipment and accessories for pipelines and vessels.
equipment from all ungrounded conductors. The branch-

FPN: See Article 665 for other applications. circuit switch or circuit breaker, where readily accessible to
the user of the equipment, shall be permitted to serve as the
disconnecting means. The disconnecting means shall be of427.36 Personnel Protection
the indicating type and shall be provided with a positiveInduction coils that operate or may operate at a voltage
lockout in the ‘‘off’’ position.greater than 30 volts ac shall be enclosed in a nonmetallic

or split metallic enclosure, isolated, or made inaccessible (B) Cord-and-Plug-Connected Equipment The factory-
by location to protect personnel in the area. installed attachment plug of cord-and-plug-connected equip-

ment rated 20 amperes or less and 150 volts or less to ground
427.37 Induced Current shall be permitted to be the disconnecting means.

Induction coils shall be prevented from inducing circulating
427.56 Controlscurrents in surrounding metallic equipment, supports, or
(A) Temperature Control with ‘‘Off’’ Position Tempera-structures by shielding, isolation, or insulation of the current
ture controlled switching devices that indicate an ‘‘off’’paths. Stray current paths shall be bonded to prevent arcing.
position and that interrupt line current shall open all un-
grounded conductors when the control device is in this ‘‘off’’VI. Skin-Effect Heating
position. These devices shall not be permitted to serve as

427.45 Conductor Ampacity the disconnecting means unless provided with a positive
lockout in the ‘‘off’’ position.The ampacity of the electrically insulated conductor inside

the ferromagnetic envelope shall be permitted to exceed the
(B) Temperature Control Without ‘‘Off’’ Position Tem-

values given in Article 310, provided it is identified as
perature controlled switching devices that do not have an

suitable for this use.
‘‘off’’ position shall not be required to open all ungrounded
conductors and shall not be permitted to serve as the discon-

427.46 Pull Boxes necting means.
Pull boxes for pulling the electrically insulated conductor

(C) Remote Temperature Controller Remote controlled
in the ferromagnetic envelope shall be permitted to be buried

temperature-actuated devices shall not be required to meet
under the thermal insulation, provided their locations are

the requirements of 427.56(A) and 427.56(B). These devices
indicated by permanent markings on the insulation jacket

shall not be permitted to serve as the disconnecting means.
surface and on drawings. For outdoor installations, pull
boxes shall be of watertight construction. (D) Combined Switching Devices Switching devices con-

sisting of combined temperature-actuated devices and manu-
ally controlled switches that serve both as the controllers and427.47 Single Conductor in Enclosure
the disconnecting means shall comply with all the followingThe provisions of 300.20 shall not apply to the installation
conditions:of a single conductor in a ferromagnetic envelope (metal
(1) Open all ungrounded conductors when manually placedenclosure).

in the ‘‘off’’ position
(2) Be designed so that the circuit cannot be energized427.48 Grounding

automatically if the device has been manually placed
The ferromagnetic envelope shall be grounded at both ends, in the ‘‘off’’ position
and, in addition, it shall be permitted to be grounded at (3) Be provided with a positive lockout in the ‘‘off’’ posi-
intermediate points as required by its design. The ferromag- tion
netic envelope shall be bonded at all joints to ensure electri-
cal continuity. 427.57 Overcurrent Protection

The provisions of 250.30 shall not apply to the installa-
Heating equipment shall be considered as protected againsttion of skin-effect heating systems.
overcurrent where supplied by a branch circuit as specified
in 210.3 and 210.23.FPN: See Article 250 for grounding methods.
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427.57Article 430 — Motors, Motor Circuits, and Controllers

ARTICLE 430 (C) Alternating-Current Adjustable Voltage
MotorsMotors, Motor Circuits, and

430.7 Marking on Motors and Multimotor EquipmentControllers
(A) Usual Motor Applications
(B) Locked-Rotor Indicating Code Letters

Summary of Changes (C) Torque Motors
(D) Multimotor and Combination-Load Equipment• Design E Motors: Deleted all references to Design E

430.8 Marking on Controllersmotors from Article 430.
430.9 Terminals• 430.2: Added new section with definitions applicable to

(A) MarkingsArticle 430.
(B) Conductors

• 430.6(A)(1): Moved information on ratings of motors built (C) Torque Requirements
for low speeds or high torques from table headings of

430.10 Wiring Space in Enclosures
Tables 430.248, 430.249, and 430.250 to new last sen-

(A) General
tence.

(B) Wire-Bending Space in Enclosures
• 430.8: Added requirement to include short-circuit current 430.11 Protection Against Liquids

rating on motor controllers, with four exceptions. 430.12 Motor Terminal Housings
• 430.53(C)(3): Revised to no longer require the circuit (A) Material

breaker be listed for group installation, recognizing that (B) Dimensions and Space – Wire-to-Wire
all listed molded-case circuit breakers are acceptable on Connections
group motor installations. (C) Dimensions and Space – Fixed Terminal

Connections• 430.102(B), Exception: Revised to clarify intent that a
(D) Large Wire or Factory Connectionslocking means be available at all times (i.e., to prohibit
(E) Equipment Grounding Connectionsa portable locking means that is removed when the lock

is removed). 430.13 Bushing
430.14 Location of Motors• 430.109(A)(6): Revised to permit listed manual motor

(A) Ventilation and Maintenancecontrollers additionally marked ‘‘Suitable as Motor Dis-
(B) Open Motorsconnect’’ as disconnecting means on the line side of the

430.16 Exposure to Dust Accumulationsfuses permitted in 430.52 (C)(5).
430.17 Highest Rated or Smallest Rated Motor• 430.109(A)(7): Added requirement to recognize the use
430.18 Nominal Voltage of Rectifier Systemsof system isolation equipment as a disconnecting means.

II. Motor Circuit ConductorsThis equipment is required to be specifically listed for
430.21 Generaldisconnection purposes.
430.22 Single Motor

• Part X: Revised to consolidate all requirements for adjust-
(A) General

able speed drive systems, formerly scattered throughout
(B) Multispeed MotorArticle 430, in a new Part X in a central location in Article
(C) Wye-Start, Delta-Run Motor430.
(D) Part-Winding Motor

• Tables 430.248, 430.249, 430.250: Moved sentence refer- (E) Other Than Continuous Duty
encing low-speed or high-torque motors from table head- (F) Separate Terminal Enclosure
ers to 430.6(A)(1). 430.23 Wound-Rotor Secondary

(A) Continuous Duty
(B) Other Than Continuous Duty
(C) Resistor Separate from Controller

Contents 430.24 Several Motors or a Motor(s) and Other
I. General Load(s)

430.1 Scope 430.25 Multimotor and Combination-Load Equipment
430.2 Definitions 430.26 Feeder Demand Factor
430.4 Part-Winding Motors 430.27 Capacitors with Motors
430.5 Other Articles 430.28 Feeder Taps
430.6 Ampacity and Motor Rating Determination 430.29 Constant Voltage Direct-Current Motors —

(A) General Motor Applications Power Resistors
(B) Torque Motors
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427.57 Article 430 — Motors, Motor Circuits, and Controllers

III. Motor and Branch-Circuit Overload Protection VI. Motor Control Circuits
430.71 General430.31 General

430.32 Continuous-Duty Motors 430.72 Overcurrent Protection
(A) General(A) More Than 1 Horsepower

(B) One Horsepower or Less, Automatically Started (B) Conductor Protection
(C) Control Circuit Transformer(C) Selection of Overload Relay

(D) One Horsepower or Less, Nonautomatically 430.73 Mechanical Protection of Conductor
430.74 DisconnectionStarted

(E) Wound-Rotor Secondaries (A) General
(B) Control Transformer in Controller Enclosure430.33 Intermittent and Similar Duty

430.35 Shunting During Starting Period VII. Motor Controllers
430.81 General(A) Nonautomatically Started

(B) Automatically Started (A) Stationary Motor of 1⁄8 Horsepower or Less
(B) Portable Motor of 1⁄3 Horsepower or Less430.36 Fuses — In Which Conductor

430.37 Devices Other Than Fuses — In Which 430.82 Controller Design
(A) Starting and StoppingConductor

430.38 Number of Conductors Opened by Overload (B) Autotransformer
(C) RheostatsDevice

430.39 Motor Controller as Overload Protection 430.83 Ratings
(A) General430.40 Overload Relays

430.42 Motors on General-Purpose Branch Circuits (B) Small Motors
(C) Stationary Motors of 2 Horsepower or Less(A) Not Over 1 Horsepower

(B) Over 1 Horsepower (D) Torque Motors
(E) Voltage Rating(C) Cord-and-Plug Connected

(D) Time Delay 430.84 Need Not Open All Conductors
430.85 In Grounded Conductors430.43 Automatic Restarting

430.44 Orderly Shutdown 430.87 Number of Motors Served by Each Controller
430.88 Adjustable-Speed MotorsIV. Motor Branch-Circuit Short-Circuit and Ground-Fault

Protection 430.89 Speed Limitation
430.90 Combination Fuseholder and Switch as430.51 General

430.52 Rating or Setting for Individual Motor Circuit Controller
430.91 Motor Controller Enclosure Types(A) General

(B) All Motors VIII. Motor Control Centers
430.92 General(C) Rating or Setting

(D) Torque Motors 430.94 Overcurrent Protection
430.95 Service-Entrance Equipment430.53 Several Motors or Loads on One Branch Circuit

(A) Not Over 1 Horsepower 430.96 Grounding
430.97 Busbars and Conductors(B) If Smallest Rated Motor Protected

(C) Other Group Installation (A) Support and Arrangement
(B) Phase Arrangement(D) Single Motor Taps

430.54 Multimotor and Combination-Load Equipment (C) Minimum Wire-Bending Space
(D) Spacings430.55 Combined Overcurrent Protection

430.56 Branch-Circuit Protective Devices — In Which (E) Barriers
430.98 MarkingConductor

430.57 Size of Fuseholder (A) Motor Control Centers
(B) Motor Control Units430.58 Rating of Circuit Breaker

V. Motor Feeder Short-Circuit and Ground-Fault IX. Disconnecting Means
Protection 430.101 General
430.61 General 430.102 Location
430.62 Rating or Setting — Motor Load (A) Controller

(A) Specific Load (B) Motor
(B) Other Installations 430.103 Operation

430.63 Rating or Setting — Power and Lighting Loads 430.104 To Be Indicating
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430.2Article 430 — Motors, Motor Circuits, and Controllers

430.105 Grounded Conductors XIII. Grounding — All Voltages
430.107 Readily Accessible 430.241 General
430.108 Every Disconnecting Means 430.242 Stationary Motors
430.109 Type 430.243 Portable Motors

(A) General 430.244 Controllers
(B) Stationary Motors of 1⁄8 Horsepower or Less 430.245 Method of Grounding
(C) Stationary Motors of 2 Horsepower or Less (A) Grounding Through Terminal Housings
(D) Autotransformer-Type Controlled Motors (B) Separation of Junction Box from Motor

(E) Isolating Switches (C) Grounding of Controller-Mounted Devices
(F) Cord-and-Plug-Connected Motors XIV. Tables
(G) Torque Motors

430.110 Ampere Rating and Interrupting Capacity
I. General(A) General

(B) For Torque Motors
(C) For Combination Loads Most electrical equipment is rated in volt-amperes (VA) or

430.111 Switch or Circuit Breaker as Both Controller watt input. Basic to the understanding of Article 430 is the
and Disconnecting Means fact that motors traditionally have been rated in horsepower

(A) General output. Circuits supplying motors are sized according to
(B) Type the input to the motor (input equals output plus losses

430.112 Motors Served by Single Disconnecting of the motor). The losses are not the type of information
Means found on the nameplate of a motor. Tables 430.249 and

430.113 Energy from More Than One Source 430.250 contain accurate industry-wide input ampere rat-
X. Adjustable-Speed Drive Systems ings for motors.

430.120 General However, some motors are available with their output
430.122 Conductors — Minimum Size and ratings expressed in watts and kilowatts. (One horsepower

Ampacity equals approximately 746 watts.) It is important to under-
(A) Branch/Feeder Circuit Conductors stand that circuits that supply motors not rated in horsepower
(B) Bypass Device still must be sized according to the input of the motor, rated

430.124 Overload Protection in amperes. Sizing circuits based solely on kilowatt output
(A) Included in Power Conversion Equipment results in seriously undersized conductors and the improper
(B) Bypass Circuits application of overcurrent devices. See 430.6 for ampacity
(C) Multiple Motor Applications and motor rating determination.

430.126 Motor Overtemperature Protection
(A) General
(B) Motors with Cooling Systems 430.1 Scope
(C) Multiple Motor Applications This article covers motors, motor branch-circuit and feeder
(D) Automatic Restarting and Orderly Shutdown conductors and their protection, motor overload protection,

430.128 Disconnecting Means
motor control circuits, motor controllers, and motor control

XI. Over 600 Volts, Nominal
centers.

430.221 General
FPN No. 1: Installation requirements for motor control

430.222 Marking on Controllers centers are covered in 110.26(F). Air conditioning and
430.223 Conductor Enclosures Adjacent to Motors refrigerating equipment are covered in Article 440.
430.224 Size of Conductors FPN No. 2: Figure 430.1 is for information only.
430.225 Motor-Circuit Overcurrent Protection

(A) General 430.2 Definitions
(B) Overload Protection
(C) Fault-Current Protection In accordance with the NEC Style Manual, the .2 section

430.226 Rating of Motor Control Apparatus of each article is used for definitions unique to that article.
430.227 Disconnecting Means Two definitions (controller and motor control circuits) have

XII. Protection of Live Parts — All Voltages been relocated from previous editions of the Code. In addi-
430.231 General tion, three new definitions (adjustable speed drive, adjust-
430.232 Where Required able-speed drive system, and system isolation equipment)
430.233 Guards for Attendants are included in Article 430 for the 2005 Code.
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430.4 Article 430 — Motors, Motor Circuits, and Controllers

system typically consists of an adjustable speed drive and
auxiliary electrical apparatus.

Controller. For the purpose of this article, a controller is
any switch or device that is normally used to start and stop
a motor by making and breaking the motor circuit current.

Motor Control Circuit. The circuit of a control apparatus
or system that carries the electric signals directing the perfor-
mance of the controller but does not carry the main power
current.

System Isolation Equipment. A redundantly monitored,
remotely operated contactor-isolating system, packaged to
provide the disconnection/isolation function, capable of veri-
fiable operation from multiple remote locations by means
of lockout switches, each having the capability of being
padlocked in the ‘‘off’’ (open) position.

430.4 Part-Winding Motors
A part-winding start induction or synchronous motor is one
that is arranged for starting by first energizing part of its
primary (armature) winding and, subsequently, energizing
the remainder of this winding in one or more steps. A stan-
dard part-winding start induction motor is arranged so that
one-half of its primary winding can be energized initially,
and, subsequently, the remaining half can be energized, both
halves then carrying equal current. A hermetic refrigerant
compressor motor shall not be considered a standard part-
winding start induction motor.

Where separate overload devices are used with a stan-
dard part-winding start induction motor, each half of the
motor winding shall be individually protected in accordance

General, 430.1 through 430.18
Motor Circuit Conductors, 430.21 through 430.29
Motor and Branch-Circuit Overload Protection, 430.31

through 430.44
Motor Branch-Circuit Short-Circuit and Ground-Fault

Protection, 430.51 through 430.58
Motor Feeder Short-Circuit and Ground-Fault Protection,

 430.61 through 430.63
Motor Control Circuits, 430.71 through 430.74
Motor Controllers, 430.81 through 430.91
Motor Control Centers, 430.92 through 430.98
Disconnecting Means, 430.101 through 430.113
Over 600 Volts, Nominal, 430.121 through 430.127
Protection of Live Parts—All Voltages, 430.131

through 430.133
Grounding—All Voltages, 430.141 through 430.145
Tables, Tables 430.147 through 430.151(B) 

Motor feeder

Motor feeder
short-circuit and
ground-fault protection

Motor disconnecting means 

Motor branch-circuit
short-circuit and
ground-fault protection

Motor circuit conductor

Motor controller

Motor control circuits

Motor overload protection

Motor

Thermal protection

Secondary controller
Secondary conductors

Secondary resistor

Part II
430.24,

430.25, 430.26

Part V

Part IX

Part IV

Part II

Part VII

Part VI

Part III

Part I

Part III

Part II
430.23

Part II
430.23 and Article 470 

To Supply

Part I
Part II
Part III

Part IV

Part V

Part VI
Part VII
Part VIII
Part IX
Part X
Part XI

Part XII
Part XIII

with 430.32 and 430.37 with a trip current one-half that
specified.Figure 430.1 Article 430 Contents

Each motor-winding connection shall have branch-
circuit short-circuit and ground-fault protection rated at not

Article 430 was rearranged for the 2005 Code by consolidat- more than one-half that specified by 430.52.
ing all material pertinent to adjustable speed drive systems

Exception: A short-circuit and ground-fault protective de-into Part X and moving Parts X, XI, XII, and XIII forward.
vice shall be permitted for both windings if the device willFigure 430.1 is intended to assist the user in following
allow the motor to start. Where time-delay (dual-element)the provisions of Article 430. The requirements for motors
fuses are used, they shall be permitted to have a rating notin Article 430 are broken down into 14 individual parts.
exceeding 150 percent of the motor full-load current.Many of these parts are pictorially identified in Figure 430.1

as they pertain to the installation of motors.
430.5 Other Articles
Motors and controllers shall also comply with the applicable
provisions of Table 430.5.

Adjustable Speed Drive. A combination of the power con-
verter, motor, and motor mounted auxiliary devices such as 430.6 Ampacity and Motor Rating
encoders, tachometers, thermal switches and detectors, air Determination
blowers, heaters, and vibration sensors.

The size of conductors supplying equipment covered by
Article 430 shall be selected from the allowable ampacityAdjustable-Speed Drive System. An interconnected com-

bination of equipment that provides a means of adjusting tables in accordance with 310.15(B) or shall be calculated
in accordance with 310.15(C). Where flexible cord is used,the speed of a mechanical load coupled to a motor. A drive
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430.6Article 430 — Motors, Motor Circuits, and Controllers

430.249, and 430.250, interpolated if necessary. Motors builtTable 430.5 Other Articles
for low speeds (less than 1200 RPM) or high torques may

Equipment/Occupancy Article Section have higher full-load currents, and multispeed motors will
have full-load current varying with speed, in which case the

Air-conditioning and 440 nameplate current ratings shall be used.
refrigerating equipment

Exception No. 1: Multispeed motors shall be in accordanceCapacitors 460.8, 460.9
with 430.22(A) and 430.52.Commercial garages; aircraft 511, 513, 514,
Exception No. 2: For equipment that employs a shaded-hangars; motor fuel 515, 516, and

dispensing facilities; bulk 517 Part IV pole or permanent-split capacitor-type fan or blower motor
storage plants; spray that is marked with the motor type, the full load current for
application, dipping, and such motor marked on the nameplate of the equipment in
coating processes; and

which the fan or blower motor is employed shall be usedinhalation anesthetizing
instead of the horsepower rating to determine the ampacitylocations
or rating of the disconnecting means, the branch-circuitCranes and hoists 610
conductors, the controller, the branch-circuit short-circuitElectrically driven or controlled 675
and ground-fault protection, and the separate overload pro-irrigation machines
tection. This marking on the equipment nameplate shall notElevators, dumbwaiters, 620
be less than the current marked on the fan or blower motorescalators, moving walks,

wheelchair lifts, and stairway nameplate.
chair lifts Exception No. 3: For a listed motor-operated appliance that

Fire pumps 695 is marked with both motor horsepower and full-load current,
Hazardous (classified) locations 500–503 and the motor full-load current marked on the nameplate of the

505 appliance shall be used instead of the horsepower rating
Industrial machinery 670 on the appliance nameplate to determine the ampacity or
Motion picture projectors 540.11 and rating of the disconnecting means, the branch-circuit

540.20 conductors, the controller, the branch-circuit short-circuit
Motion picture and television 530 and ground-fault protection, and any separate overload

studios and similar locations
protection.

Resistors and reactors 470

Theaters, audience areas of 520.48
Exception No. 3 to 430.6(A)(1) is intended to resolve confu-motion picture and television
sion that may result when motor-operated appliances arestudios, and similar locations
labeled with both horsepower and ampere ratings. The name-Transformers and transformer 450

vaults plate current rating in amperes is closely evaluated by the
testing laboratories and is considered more accurate than the
marked horsepower rating for motor-operated appliances.

the size of the conductor shall be selected in accordance
(2) Nameplate Values Separate motor overload protectionwith 400.5. The required ampacity and motor ratings shall
shall be based on the motor nameplate current rating.be determined as specified in 430.6(A), (B), and (C).

(A) General Motor Applications For general motor appli- For general motor applications other than motors built for
cations, current ratings shall be determined based on (A)(1) low speeds (less than 1200 rpm), multispeed motors, or
and (A)(2). high-torque motors, the ampacity of motor branch-circuit

conductors, branch-circuit and ground-fault protection, and
(1) Table Values Other than for motors built for low speeds ampere rating of the motor disconnecting means are deter-
(less than 1200 RPM) or high torques, and for multispeed mined by the ampere values listed in Table 430.247 through
motors, the values given in Tables 430.247, 430.248, Table 430.250, not the ampere values marked on the motor
430.249, and 430.250 shall be used to determine the ampac- nameplate. The ampere values are based on the horsepower
ity of conductors or ampere ratings of switches, branch- rating and nominal voltage listed on the motor nameplate.
circuit short-circuit and ground-fault protection, instead of The ampere rating provided on the motor nameplate is
the actual current rating marked on the motor nameplate. used to size the overload protective devices intended to
Where a motor is marked in amperes, but not horsepower, protect the motor, motor control apparatus, and motor
the horsepower rating shall be assumed to be that corres- branch-circuit conductors. Where the motor is marked with
ponding to the value given in Tables 430.247, 430.248,
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430.7 Article 430 — Motors, Motor Circuits, and Controllers

FPN: Motor design letter definitions are found in ANSI/the amperage and not in horsepower, the horsepower is
NEMA MG 1-1993, Motors and Generators, Part 1,assumed to be that in Table 430.247 through Table 430.250,
Definitions, and in IEEE 100-1996, Standard Dictionary

based on the motor amperage. of Electrical and Electronic Terms.

Design letters indicate a motor’s speed/torque characteristic(B) Torque Motors For torque motors, the rated current
curve and are not to be confused with code letters. Forshall be locked-rotor current, and this nameplate current
technical accuracy, code letters should be referred to asshall be used to determine the ampacity of the branch-circuit
‘‘locked-rotor indicating code letters,’’ which are explainedconductors covered in 430.22 and 430.24, the ampere rating
in 430.7(B). Design letters reflect characteristics inherent inof the motor overload protection, and the ampere rating of
motor design, such as locked-rotor current, slip at rated load,motor branch-circuit short-circuit and ground-fault protec-
and locked-rotor and breakdown torque.tion in accordance with 430.52(B).

FPN: For motor controllers and disconnecting means,
(10) Secondary volts and full-load current if a wound-rotorsee 430.83(D) and 430.110.

induction motor.
(C) Alternating-Current Adjustable Voltage Motors (11) Field current and voltage for dc excited synchronous
For motors used in alternating-current, adjustable voltage, motors.
variable torque drive systems, the ampacity of conductors, (12) Winding — straight shunt, stabilized shunt, compound,
or ampere ratings of switches, branch-circuit short-circuit or series, if a dc motor. Fractional horsepower dc motors
and ground-fault protection, and so forth, shall be based on 175 mm (7 in.) or less in diameter shall not be required
the maximum operating current marked on the motor or to be marked.
control nameplate, or both. If the maximum operating current (13) A motor provided with a thermal protector complying
does not appear on the nameplate, the ampacity determina- with 430.32(A)(2) or (B)(2) shall be marked ‘‘Thermally
tion shall be based on 150 percent of the values given in Protected.’’ Thermally protected motors rated 100 watts
Tables 430.249 and 430.250. or less and complying with 430.32(B)(2) shall be permit-

ted to use the abbreviated marking ‘‘T.P.’’
(14) A motor complying with 430.32(B)(4) shall be marked430.7 Marking on Motors and

‘‘Impedance Protected.’’ Impedance protected motorsMultimotor Equipment
rated 100 watts or less and complying with 430.32(B)(4)(A) Usual Motor Applications A motor shall be marked
shall be permitted to use the abbreviated marking ‘‘Z.P.’’with the following information.

(15) Motors equipped with electrically powered condensa-
(1) Manufacturer’s name. tion prevention heaters shall be marked with the rated
(2) Rated volts and full-load current. For a multispeed heater voltage, number of phases, and the rated power

motor, full-load current for each speed, except shaded- in watts.
pole and permanent-split capacitor motors where am-
peres are required only for maximum speed. Motors that are installed outdoors or in locations where

(3) Rated frequency and number of phases if an ac motor. condensation might accumulate in the motor often come
(4) Rated full-load speed. equipped from the manufacturer with condensation-preven-
(5) Rated temperature rise or the insulation system class tion heaters that are energized when the motor is turned off.

and rated ambient temperature. Section 430.7(A)(15) requires the manufacturer to mark a
(6) Time rating. The time rating shall be 5, 15, 30, or 60 motor provided with a condensation heater and alerts the

minutes, or continuous. installer to provide the proper electrical supply to the motor.
(7) Rated horsepower if 1⁄8 hp or more. For a multispeed

motor 1⁄8 hp or more, rated horsepower for each speed,
(B) Locked-Rotor Indicating Code Letters Code lettersexcept shaded-pole and permanent-split capacitor mo-
marked on motor nameplates to show motor input withtors 1⁄8 hp or more where rated horsepower is required
locked rotor shall be in accordance with Table 430.7(B).only for maximum speed. Motors of arc welders are

The code letter indicating motor input with locked rotornot required to be marked with the horsepower rating.
shall be in an individual block on the nameplate, properly(8) Code letter or locked-rotor amperes if an alternating-
designated.current motor rated 1⁄2 hp or more. On polyphase wound-

rotor motors, the code letter shall be omitted. (1) Multispeed Motors Multispeed motors shall be
marked with the code letter designating the locked-rotor

FPN: See 430.7(B).
kilovolt-ampere (kVA) per horsepower for the highest speed
at which the motor can be started.(9) Design letter for design B, C, or D motors.
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430.7Article 430 — Motors, Motor Circuits, and Controllers

SolutionTable 430.7(B) Locked-Rotor Indicating Code Letters

Table 430.7(B) lists a range of values for ‘‘G.’’ The maxi-
Kilovolt-Amperes per Horsepower mum value in the range is 6.29, or 6.29 kilovolt-amperes per

Code Letter with Locked Rotor
horsepower. Use the following formula to find the maximum
locked-rotor current.A 0–3.14

B 3.15–3.54
C 3.55–3.99 Locked-rotor

amperes
� motor hp

D 4.0–4.49
E 4.5–4.99

� maximum code letter value
kVA
hp

F 5.0–5.59
G 5.6–6.29
H 6.3–7.09 �

1000
volts � 1.73J 7.1–7.99

K 8.0–8.99
L 9.0–9.99
M 10.0–11.19 Substitute as follows:
N 11.2–12.49
P 12.5–13.99 Locked-rotor

amperes
� 20 hp � 6.29

kVA
hp

�
1000

460 volts � 1.73R 14.0–15.99
S 16.0–17.99
T 18.0–19.99 � 158 amperes
U 20.0–22.39
V 22.4 and up

Therefore, the maximum locked-rotor current for a 20-hp,
460-volt motor with code letter ‘‘G’’ is 158 amperes.

Exception: Constant horsepower multispeed motors shall
be marked with the code letter giving the highest locked-
rotor kilovolt-ampere (kVA) per horsepower.

(C) Torque Motors Torque motors are rated for operation
at standstill and shall be marked in accordance with(2) Single-Speed Motors Single-speed motors starting on
430.7(A), except that locked-rotor torque shall replace horse-wye connection and running on delta connections shall be
power.marked with a code letter corresponding to the locked-rotor

kilovolt-ampere (kVA) per horsepower for the wye connec-
(D) Multimotor and Combination-Load Equipmenttion.

(1) Factory-Wired Multimotor and combination-load(3) Dual-Voltage Motors Dual-voltage motors that have a
equipment shall be provided with a visible nameplate markeddifferent locked-rotor kilovolt-ampere (kVA) per horse-
with the manufacturer’s name, the rating in volts, frequency,power on the two voltages shall be marked with the code
number of phases, minimum supply circuit conductor am-letter for the voltage giving the highest locked-rotor kilovolt-
pacity, and the maximum ampere rating of the circuit short-ampere (kVA) per horsepower.
circuit and ground-fault protective device. The conductor

(4) 50/60 Hz Motors Motors with 50- and 60-Hz ratings ampacity shall be calculated in accordance with 430.24 and
shall be marked with a code letter designating the locked- counting all of the motors and other loads that will be oper-
rotor kilovolt-ampere (kVA) per horsepower on 60 Hz. ated at the same time. The short-circuit and ground-fault

protective device rating shall not exceed the value calculated(5) Part-Winding Motors Part-winding start motors shall
in accordance with 430.53. Multimotor equipment for usebe marked with a code letter designating the locked-rotor
on two or more circuits shall be marked with the precedingkilovolt-ampere (kVA) per horsepower that is based on the
information for each circuit.locked-rotor current for the full winding of the motor.

Section 110.3(B) requires listed and labeled equipment toThe following example shows how to determine the locked-
be used and installed in accordance with the manufacturer’srotor current for a specific motor using the values from Table
instructions accompanying the equipment or marked on the430.7(B).
nameplate.

Example The nameplate marking for the maximum ampere rating
of the branch-circuit short-circuit and ground-fault protec-Using Table 430.7(B), find the maximum locked-rotor cur-

rent for a 20-hp, 460-volt, 3-phase motor with the nameplate tive device may limit the type of protective device to a fuse
by stipulating ‘‘fuse’’ without reference to a circuit breaker.kilovolt-ampere code letter ‘‘G.’’
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430.8 Article 430 — Motors, Motor Circuits, and Controllers

That means the circuit to the equipment must be protected 430.9 Terminals
by fuses, such as by a fused disconnect switch. The fused (A) Markings Terminals of motors and controllers shall
switch may be supplied from a circuit breaker in a pan- be suitably marked or colored where necessary to indicate
elboard. the proper connections.

(B) Conductors Motor controllers and terminals of control(2) Not Factory-Wired Where the equipment is not
circuit devices shall be connected with copper conductorsfactory-wired and the individual nameplates of motors and
unless identified for use with a different conductor.other loads are visible after assembly of the equipment, the

individual nameplates shall be permitted to serve as the
Terminals for motor controllers are tested, designed, andrequired marking.
listed using copper conductors, unless marked for other con-

430.8 Marking on Controllers ductors. Section 430.9(B) highlights this limitation while
A controller shall be marked with the manufacturer’s name permitting other conductors to be used if they are determined
or identification, the voltage, the current or horsepower rat- to be suitable and are identified as such.
ing, the short-circuit current rating, and such other necessary
data to properly indicate the applications for which it is

(C) Torque Requirements Control circuit devices withsuitable.
screw-type pressure terminals used with 14 AWG or smaller
copper conductors shall be torqued to a minimum of 0.8Section 430.8 now requires controllers to be marked with
N
m (7 lb-in.) unless identified for a different torque value.their short-circuit current rating. Four exceptions have been

added to the 2005 Code to allow the short-circuit rating to
Proper torque is essential for safe and reliable connections.be excluded from the controller nameplate under specified
Section 430.9(C) enhances safety by providing a minimumconditions.
torque value for screw-type pressure terminals. See the com-
mentary following 110.14(B) for more information on elec-

Exception No. 1: The short-circuit current rating is not trical connections.
required for controllers applied in accordance with
430.81(A) or (B).

Exception No. 2: The short-circuit rating is not required to 430.10 Wiring Space in Enclosures
be marked on the controller when the short-circuit current (A) General Enclosures for motor controllers and discon-
rating of the controller is marked elsewhere on the assembly. necting means shall not be used as junction boxes, auxiliary
Exception No. 3: The short-circuit rating is not required to gutters, or raceways for conductors feeding through or tap-
be marked on the controller when the assembly into which ping off to the other apparatus unless designs are employed
it is installed has a marked short-circuit current rating. that provide adequate space for this purpose.
Exception No. 4: Short-circuit ratings are not required for
controllers rated less than 2 hp at 300 V or less and listed During the planning stages of a motor(s) installation, location
exclusively for general-purpose branch circuits. and proper working spaces (as required by 110.26 and

110.34) for motor controllers and disconnects should beA controller that includes motor overload protection
considered, including provisions for the use of auxiliarysuitable for group motor application shall be marked with
gutters or junction boxes, to ensure space for conductorsthe motor overload protection and the maximum branch-
feeding through or tapping off to other apparatus. For switchcircuit short-circuit and ground-fault protection for such ap-
and overcurrent device enclosures, see 312.8 and the com-plications.
mentary that follows.Combination controllers that employ adjustable instan-

taneous trip circuit breakers shall be clearly marked to indi-
cate the ampere settings of the adjustable trip element.

FPN: See 312.8 for switch and overcurrent-device enclo-
Where a controller is built-in as an integral part of a sures.

motor or of a motor-generator set, individual marking of the
controller shall not be required if the necessary data are on (B) Wire-Bending Space in Enclosures Minimum wire-
the nameplate. For controllers that are an integral part of bending space within the enclosures for motor controllers
equipment approved as a unit, the above marking shall be shall be in accordance with Table 430.10(B) where measured
permitted on the equipment nameplate. in a straight line from the end of the lug or wire connector

(in the direction the wire leaves the terminal) to the wall orFPN: See 110.10 for information on circuit impedance
and other characteristics. barrier. Where alternate wire termination means are substi-
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430.12Article 430 — Motors, Motor Circuits, and Controllers

Table 430.10(B) Minimum Wire-Bending Space at the
Terminals of Enclosed Motor Controllers

Wires per Terminal*

Size of Wire 1 2
(AWG or

kcmil) mm in. mm in.

14–10 Not specified — —
8–6 38 11⁄2 — —
4–3 50 2 — —
2 65 21⁄2 — —
1 75 3 — —

1/0 125 5 125 5
2/0 150 6 150 6

3/0–4/0 175 7 175 7
250 200 8 200 8
300 250 10 250 10

350–500 300 12 300 12
600–700 350 14 400 16
750–900 450 18 475 19

*Where provision for three or more wires per terminal exists, the
minimum wire-bending space shall be in accordance with the require-
ments of Article 312.

Minimum wire-
bending space

Enclosure

Exhibit 430.1 Wire-bending space in enclosures fortuted for that supplied by the manufacturer of the controller,
motor controllers.they shall be of a type identified by the manufacturer for

use with the controller and shall not reduce the minimum
wire-bending space.

Exception: In other than hazardous (classified) locations,
substantial, nonmetallic, nonburning housings shall be per-Exhibit 430.1 illustrates application of the wiring-bending
mitted, provided an internal grounding means between thespace requirements of either 430.10(B) or 312.6(B) within
motor frame and the equipment grounding connection isan enclosure for a motor controller.
incorporated within the housing.

Nonmetallic terminal housings are permitted on motors of430.11 Protection Against Liquids
any size, provided the housing material has been determinedSuitable guards or enclosures shall be provided to protect
to be nonburning, with, for example, a flammability ratingexposed current-carrying parts of motors and the insulation
of at least 94-5V in accordance with UL 746C, Polymericof motor leads where installed directly under equipment, or
Materials — Use in Electrical Equipment Evaluations.in other locations where dripping or spraying oil, water, or

other injurious liquid may occur, unless the motor is designed
for the existing conditions. (B) Dimensions and Space — Wire-to-Wire Connec-

tions Where these terminal housings enclose wire-to-wire
Exposed current-carrying parts and insulated leads of motors connections, they shall have minimum dimensions and us-
should be suitably protected from liquids (dripping or spray- able volumes in accordance with Table 430.12(B).
ing oil or other lubricants, water, or excessive moisture). The

(C) Dimensions and Space — Fixed Terminal Connec-presence of liquids may cause deterioration and insulation
tions Where these terminal housings enclose rigidlybreakdown.
mounted motor terminals, the terminal housing shall be of
sufficient size to provide minimum terminal spacings and
usable volumes in accordance with Table 430.12(C)(1) and430.12 Motor Terminal Housings
Table 430.12(C)(2).

(A) Material Where motors are provided with terminal
housings, the housings shall be of metal and of substantial (D) Large Wire or Factory Connections For motors with

larger ratings, greater number of leads, or larger wire sizes,construction.
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430.13 Article 430 — Motors, Motor Circuits, and Controllers

Table 430.12(B) Terminal Housings — Wire-to-Wire Table 430.12(C)(1) Terminal Spacings — Fixed Terminals
Connections

Minimum Spacing
Motors 275 mm (11 in.) in Diameter or Less

Between Line
Cover Opening Terminals and

Minimum Usable Volume Between Line Other Uninsulated
Dimension Minimum Terminals Metal Parts

Horsepower mm in. cm3 in.3 Nominal Volts mm in. mm in.

1 and smallera 41 15⁄8 170 10.5 240 or less 6 1⁄4 6 1⁄4
11⁄2, 2, and 3b 45 13⁄4 275 16.8 Over 250 – 600 10 3⁄8 10 3⁄8
5 and 71⁄2 50 2 365 22.4
10 and 15 65 21⁄2 595 36.4

Motors Over 275 mm (11 in.) in Diameter — Alternating-
Table 430.12(C)(2) Usable Volumes — Fixed TerminalsCurrent Motors

Maximum Terminal Minimum Usable Volume per
Full Load Box Cover Typical Power-Supply Power-Supply Conductor

Current for Opening Maximum Conductor Size
3-Phase Minimum Usable Volume Horsepower (AWG) cm3 in.3

Motors with Dimension Minimum 3-Phase
Maximum of 14 16 1

12 Leads 230 460 12 and 10 20 11⁄4
(Amperes) mm in. cm3 in.3 Volt Volt 8 and 6 37 21⁄4

45 65 2.5 595 36.4 15 30
70 84 3.3 1,265 77 25 50

110 100 4.0 2,295 140 40 75
or where motors are installed as a part of factory-wired160 125 5.0 4,135 252 60 125
equipment, without additional connection being required at250 150 6.0 7,380 450 100 200

400 175 7.0 13,775 840 150 300 the motor terminal housing during equipment installation,
600 200 8.0 25,255 1540 250 500 the terminal housing shall be of ample size to make connec-

tions, but the foregoing provisions for the volumes of termi-Direct-Current Motors
nal housings shall not be considered applicable.

Maximum
Full-Load (E) Equipment Grounding Connections A means for at-

Current for Terminal Box tachment of an equipment grounding conductor termination
Motors with Minimum Usable Volume in accordance with 250.8 shall be provided at motor terminalMaximum of 6 Dimensions Minimum

housings for wire-to-wire connections or fixed terminal con-Leads
nections. The means for such connections shall be permitted(Amperes) mm in. cm3 in.3

to be located either inside or outside the motor terminal
68 65 2.5 425 26

housing.105 84 3.3 900 55
165 100 4.0 1,640 100 Exception: Where a motor is installed as a part of factory-
240 125 5.0 2,950 180

wired equipment that is required to be grounded and without375 150 6.0 5,410 330
additional connection being required at the motor terminal600 175 7.0 9,840 600

900 200 8.0 18,040 1,100 housing during equipment installation, a separate means for
motor grounding at the motor terminal housing shall not be

Note: Auxiliary leads for such items as brakes, thermostats, space
required.heaters, and exciting fields shall be permitted to be neglected if their

current-carrying area does not exceed 25 percent of the current-carrying
area of the machine power leads. 430.13 BushingaFor motors rated 1 hp and smaller and with the terminal housing
partially or wholly integral with the frame or end shield, the volume Where wires pass through an opening in an enclosure, con-
of the terminal housing shall not be less than 18.0 cm3 (1.1 in.3) per duit box, or barrier, a bushing shall be used to protect the
wire-to-wire connection. The minimum cover opening dimension is

conductors from the edges of openings having sharp edges.not specified.
bFor motors rated 11⁄2, 2, and 3 hp and with the terminal housing The bushing shall have smooth, well-rounded surfaces where
partially or wholly integral with the frame or end shield, the volume it may be in contact with the conductors. If used where oils,
of the terminal housing shall not be less than 23.0 cm3 (1.4 in.3) per

greases, or other contaminants may be present, the bushingwire-to-wire connection. The minimum cover opening dimension is
not specified. shall be made of material not deleteriously affected.
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430.22Article 430 — Motors, Motor Circuits, and Controllers

FPN: For conductors exposed to deteriorating agents, The provisions of Part II shall not apply to motor circuits
see 310.9. rated over 600 volts, nominal.

The provisions of Articles 250, 300, and 310 shall not430.14 Location of Motors
apply to conductors that form an integral part of equipment,

(A) Ventilation and Maintenance Motors shall be located such as motors, motor controllers, motor control centers, or
so that adequate ventilation is provided and so that mainte- other factory-assembled control equipment.
nance, such as lubrication of bearings and replacing of
brushes, can be readily accomplished. FPN No. 1: See 300.1(B) and 310.1 for similar require-

ments.
Exception: Ventilation shall not be required for submersible

FPN No. 2: See 110.14(C) and 430.9(B) for equipment
types of motors. device terminal requirements.

FPN No. 3: For over 600 volts, nominal, see Part XI.(B) Open Motors Open motors that have commutators or
collector rings shall be located or protected so that sparks
cannot reach adjacent combustible material. 430.22 Single Motor

(A) General Conductors that supply a single motor usedException: Installation of these motors on wooden floors
in a continuous duty application shall have an ampacity ofor supports shall be permitted.
not less than 125 percent of the motor’s full-load current

430.16 Exposure to Dust Accumulations rating as determined by 430.6(A)(1).
In locations where dust or flying material collects on or in
motors in such quantities as to seriously interfere with the Section 430.22 describes the branch-circuit requirements for
ventilation or cooling of motors and thereby cause dangerous single motor installations. Generally, the branch circuit that
temperatures, suitable types of enclosed motors that do not serves a continuous-duty motor must be sized at 125 percent
overheat under the prevailing conditions shall be used. of the motor full-load current or greater. The provision for

a conductor with an ampacity of at least 125 percent of theFPN: Especially severe conditions may require the use of
motor full-load current rating does not constitute a conductorenclosed pipe-ventilated motors, or enclosure in separate

dusttight rooms, properly ventilated from a source of derating; rather, it is based on the need to provide for a
clean air. sustained running current that is greater than the rated full-

load current and for protection of the conductors by the
For motors exposed to combustible dust or readily ignitible motor overload protective device set above the motor full-
flying material, see the requirements of 502.125 (Class II, load current rating.
Divisions 1 and 2) and 503.125 (Class III, Divisions 1 and The ampacity of the motor branch-circuit conductors is
2). For classification of locations, see 500.5(C) (Class II based on the full-load current rating values provided in Table
locations) and 500.5(D) (Class III locations). 430.248 through Table 430.250. Motor nameplate full-load

current is not to be used to size branch-circuit conductors.
Exhibit 430.2 illustrates each motor on an individual430.17 Highest Rated or Smallest Rated Motor

branch circuit with branch-circuit short-circuit and ground-
In determining compliance with 430.24, 430.53(B), and fault protective devices and disconnecting means in one
430.53(C), the highest rated or smallest rated motor shall location, and controllers and overload protection at the motor
be based on the rated full-load current as selected from locations.
Tables 430.247, 430.248, 430.249, and 430.250. Exception No. 2 to 430.22 was moved in the 2005 Code

to the new Part X that addresses adjustable-speed drive
430.18 Nominal Voltage of Rectifier Systems

systems.
The nominal value of the ac voltage being rectified shall be Exhibit 430.3 also illustrates each motor on an individ-
used to determine the voltage of a rectifier derived system. ual branch circuit, but, unlike Exhibit 430.2, the branch

circuits are tapped from a feeder at a convenient location,Exception: The nominal dc voltage of the rectifier shall be
such as a junction box or wireway, or from open wiring.used if it exceeds the peak value of the ac voltage being
The tap conductors are required to terminate in a branch-rectified.
circuit protective device located not more than 25 ft from
where the taps are connected to the feeder, in accordanceII. Motor Circuit Conductors
with 430.28. Also see 430.28, Exception, which permits a430.21 General
100-ft tap under some conditions in high-bay manufacturing

Part II specifies ampacities of conductors that are capable facilities.
of carrying the motor current without overheating under the Where motors are connected to a 15- or 20-ampere
conditions specified.
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430.22 Article 430 — Motors, Motor Circuits, and Controllers

branch circuit that also supplies lighting or other appliance
loads, as illustrated in Exhibit 430.4, the provisions of Article
210 and Article 430 apply. Motors rated less than 1 hp may
be connected to these circuits, and they must be provided
with overload protective devices unless the motors are not
permanently installed, are started manually, and are within
sight from the controller location. For additional information
on the installation of motors (1 hp or less), see 430.32(B),
430.32(C), and 430.53(A).

MM

Disconnecting means

Controller

Short-circuit
ground-fault 
protective devices

Motor branch-circuit
conductors

Overload protective
devices

Individual motor branch circuits

Main distribution center

Exhibit 430.2 A main distribution center supplying individual
branch circuits to each motor (branch-circuit short-circuit and
ground-fault protective devices). M

A

A

12 AWG Cu 
10 AWG Al

L1 N

20 A

Lighting
load

Motors
(less than 1 hp)

Appliances

M

Exhibit 430.4 A 20-ampere branch circuit supplying lighting,
small motors, and appliances.

Exhibit 430.5 illustrates the following essential parts of
a motor branch circuit:

1. Branch-circuit conductors
2. Disconnecting means
3. Branch-circuit short-circuit and ground-fault protective

devices
4. Motor-controller
5. Motor overload protective devices

The branch-circuit short-circuit and ground-fault protective
device may be a fuse or a circuit breaker and must be capable
of carrying the starting current of the motor without opening
the circuit. See Table 430.52.

MM

Disconnecting means

Controller

Short-circuit
ground-fault 
protective devices

Motor branch-circuit
conductors

Overload protective
devices

Individual motor branch circuits

Feeder

Feeder overcurrent
protection

Main feeder

In general, every motor must be provided with overload
protective devices intended to protect the motor windings,Exhibit 430.3 A feeder supplying individual branch circuits to

each motor. motor-control apparatus, and motor branch-circuit conduc-

2005 National Electrical Code Handbook554

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



430.22Article 430 — Motors, Motor Circuits, and Controllers

(C) Wye-Start, Delta-Run Motor For a wye-start, delta-
run connected motor, the selection of branch-circuit conduc-
tors on the line side of the controller shall be based on the
motor full-load current. The selection of conductors between
the controller and the motor shall be based on 58 percent
of the motor full-load current.

A wye-start, delta-run winding configuration is a method of
providing reduced-voltage starting for a polyphase induction
motor. This method requires a specific type of motor control-
ler and a delta-wired motor with all leads brought out to the
terminal box. This method of starting finds wide application
in certain compressors used for air conditioning and where
the driven machinery is allowed to start unloaded. During
starting, the windings are configured in a wye configuration.
The wye-start configuration results in a reduced starting
voltage of a mathematical ratio of 1/�3 � 0.5774, or 58
percent of the full line voltage, which results in approxi-
mately 58 percent starting current and about one-third of
the normal starting torque. Once the motor attains speed,

M

Motor branch-circuit conductor
ampacity 125% of motor
full-load current rating

Motor
controller

Motor
overload
protective
devices

Feeder conductors

Tap conductors

Disconnecting
means

Motor branch-circuit
short-circuit and
ground-fault
protective devices

the windings are reconfigured to run as delta, giving full
line voltage to the individual windings, which allows theExhibit 430.5 A motor branch circuit showing the
motor to have full torque capability.essential parts.

In Exhibit 430.6, conductors from terminals T1, T2, and
T3 to the motor, as well as the conductors from terminalstors against excessive heating due to motor overloads and
T4, T5, and T6 to the motor, are all sized at 58 percent offailure to start. Overload in equipment is defined as operation
the full-load current used to size the conductors that supplyin excess of normal full-load rating, which, when it persists
L1, L2, and L3.for a sufficient length of time, will cause damage or danger-

ous overheating. Overload in a motor includes a stalled rotor
but does not include fault currents due to short circuits or
ground faults. See 430.44 for conditions where providing
automatic opening of a motor circuit due to overload may
be objectionable.

Exception: For dc motors operating from a rectified single-
phase power supply, the conductors between the field wiring
terminals of the rectifier and the motor shall have an ampac-
ity of not less than the following percent of the motor full-
load current rating:

(a) Where a rectifier bridge of the single-phase half-
wave type is used, 190 percent.

(b) Where a rectifier bridge of the single-phase full-
wave type is used, 150 percent.

1M 2M
S

Wye-delta
motor

S
OLs

T1 T2 T3 T6

L1 L2 L3

T4 T5

(B) Multispeed Motor For a multispeed motor, the selec-
tion of branch-circuit conductors on the line side of the

Exhibit 430.6 An elementary wiring diagram of a typical wye-controller shall be based on the highest of the full-load
start, delta-run motor and controller. During START, contacts 1Mcurrent ratings shown on the motor nameplate. The selection
and S are closed and contacts 2M are open. During RUN, con-

of branch-circuit conductors between the controller and the tacts 1M and 2M are closed and contacts S are open. (Redrawn
motor shall be based on the current rating of the winding(s) courtesy of Square D Co.)
that the conductors energize.
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430.23 Article 430 — Motors, Motor Circuits, and Controllers

430.22(E). Branch-circuit conductors for a motor with a(D) Part-Winding Motor For a part-winding connected
motor, the selection of branch-circuit conductors on the line rated horsepower used for 5-minute short-time duty service

are permitted to be sized smaller than for the same motorside of the controller shall be based on the motor full-load
current. The selection of conductors between the controller with a 60-minute rating, due to the cooling intervals between

operating periods. The terms continuous duty, intermittentand the motor shall be based on 50 percent of the motor
full-load current. duty, periodic duty, short-time duty, and varying duty are

defined in Article 100.
(E) Other Than Continuous Duty Conductors for a motor
used in a short-time, intermittent, periodic, or varying duty
application shall have an ampacity of not less than the per- (F) Separate Terminal Enclosure The conductors be-
centage of the motor nameplate current rating shown in tween a stationary motor rated 1 hp or less and the separate
Table 430.22(E), unless the authority having jurisdiction terminal enclosure permitted in 430.245(B) shall be permit-
grants special permission for conductors of lower ampacity. ted to be smaller than 14 AWG but not smaller than 18 AWG,

provided they have an ampacity as specified in 430.22(A).

Table 430.22(E) Duty-Cycle Service
430.23 Wound-Rotor Secondary

Nameplate Current Rating Percentages

Before the advent of adjustable-speed drives, wound-rotor
30- & 60- ac motors were generally used where speed control was

5-Minute 15-Minute Minute Continuous
desired; where high starting torque for a rapid, smooth accel-Classification of Rated Rated Rated Rated
eration to full load was required; for frequent starting; andService Motor Motor Motor Motor
for low starting current. Wound-rotor ac motors are also

Short-time duty 110 120 150 — known as slip-ring motors because three slip rings are
operating valves, mounted on the shaft, and brushes in contact with the slip
raising or

rings are connected to field-installed external resistance unitslowering rolls, etc.
and a controller, as shown in Exhibit 430.7. The resistors

Intermittent duty 85 85 90 140
are a part of the rotor circuit, and the full value of thefreight and
external resistance is in the circuit when the motor starts.passenger

elevators, tool This value is gradually reduced until the motor attains the
heads, pumps, desired speed.
drawbridges,
turntables, etc.
(for arc welders,
see 630.11)

Periodic duty rolls, 85 90 95 140
ore- and coal-
handling
machines, etc.

Varying duty 110 120 150 200

Note: Any motor application shall be considered as continuous duty
unless the nature of the apparatus it drives is such that the motor will
not operate continuously with load under any condition of use.

Most motor applications are continuous duty, meaning they
operate at a constant load for an indefinitely long time. For
motors that are not continuous duty, the motor nameplate
currents and Table 430.22(E) are used to determine the
branch circuit ampacity. A motor is considered to be for
continuous duty unless the nature of the apparatus it drives

Start

Stop

TC

Separately 
mounted
resistors

Wound-rotor
induction motor

Automatic starter for wound-rotor induction motor

T1

L1 L2 L3

T2 T3

MMM

M TC

is such that the motor cannot operate continuously with load
under any condition of use. Conductors for a motor used Exhibit 430.7 A branch circuit to a wound-rotor induction motor
for short-time, intermittent, periodic, or varying duty are showing a controller and separate bank of resistors for motor

starting and speed regulation.required to have an ampacity in accordance with Table
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430.25Article 430 — Motors, Motor Circuits, and Controllers

of two or more motors, the size of the feeder conductors isControllers used for speed regulation, usually a dial-
required to be increased accordingly.type or a drum-type switch, are basically for two types of

These requirements and those of 430.62 for the short-loads: constant torque (machine loads) and variable torque
circuit and ground-fault protection of power feeders are(fan loads).
based on the principle that the power feeder conductorsThe ampacities of the conductors between the controller
should be sized to have an ampacity equal to 125 percentand the resistance units are the allowable percentages of
of the full-load current of the largest motor plus the full-Table 430.23(C) for the resistor duty classification.
load currents of all other motors and all other loads supplied
by the feeder.

(A) Continuous Duty For continuous duty, the conductors Except where two or more motors may be started simul-
connecting the secondary of a wound-rotor ac motor to its taneously, the heaviest load that a power feeder will ever
controller shall have an ampacity not less than 125 percent be required to carry occurs when the largest motor is started
of the full-load secondary current of the motor. and all the other motors supplied by the same feeder are

running and delivering their full-rated horsepower.
(B) Other Than Continuous Duty For other than continu-

Where the conductors are branch-circuit conductors to
ous duty, these conductors shall have an ampacity, in percent

multimotor equipment, 430.53 specifies the maximum rating
of full-load secondary current, not less than that specified

of the branch-circuit short-circuit and ground-fault protec-
in Table 430.22(E).

tive device, and 430.7(D)(1) requires the maximum ampere
rating of the short-circuit and ground-fault protective device(C) Resistor Separate from Controller Where the sec-
to be marked on multimotor equipment.ondary resistor is separate from the controller, the ampacity

See 430.62(B) and the associated commentary if theof the conductors between controller and resistor shall not
size of the feeder conductors is larger than the minimumbe less than that shown in Table 430.23(C).
size.

Table 430.23(C) Secondary Conductor

Ampacity of Conductor in
Percent of Full-Load Exception No. 1: Where one or more of the motors of the

Resistor Duty Classification Secondary Current group are used for short-time, intermittent, periodic, or vary-
ing duty, the ampere rating of such motors to be used in the

Light starting duty 35
summation shall be determined in accordance withHeavy starting duty 45
430.22(E). For the highest rated motor, the greater of eitherExtra-heavy starting duty 55

Light intermittent duty 65 the ampere rating from 430.22(E) or the largest continuous
Medium intermittent duty 75 duty motor full-load current multiplied by 1.25 shall be used
Heavy intermittent duty 85 in the summation.
Continuous duty 110

Exception No. 2: The ampacity of conductors supplying
motor-operated fixed electric space-heating equipment shall
conform with 424.3(B).430.24 Several Motors or a Motor(s) and
Exception No. 3: Where the circuitry is interlocked so asOther Load(s)
to prevent operation of selected motors or other loads atConductors supplying several motors, or a motor(s) and other
the same time, the conductor ampacity shall be permittedload(s), shall have an ampacity not less than 125 percent of
to be based on the summation of the currents of the motorsthe full-load current rating of the highest rated motor plus
and other loads to be operated at the same time that resultsthe sum of the full-load current ratings of all the other motors
in the highest total current.in the group, as determined by 430.6(A), plus the ampacity

required for the other loads.
430.25 Multimotor and Combination-FPN: See Annex D, Example No. D8.
Load Equipment
The ampacity of the conductors supplying multimotor andWhere feeders serve motors and/or other electrical loads,
combination-load equipment shall not be less than thethe highest rating or setting of the feeder short-circuit and
minimum circuit ampacity marked on the equipment in ac-ground-fault protective devices for the minimum-size feeder
cordance with 430.7(D). Where the equipment is not factory-conductor permitted by 430.24 is specified in 430.62.
wired and the individual nameplates are visible in accor-Where the selection of a feeder protective device of
dance with 430.7(D)(2), the conductor ampacity shall behigher rating or setting is based on the simultaneous starting
determined in accordance with 430.24.
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430.26 Article 430 — Motors, Motor Circuits, and Controllers

When computing the load for the minimum allowable con- Section 430.28 contains three basic requirements for feeder
ductor size for a combination lighting (or lighting and appli- taps that supply motor circuits.
ance) load and motor load, the capacity for the lighting load First, the tap conductor from the feeder to the motor
is determined in accordance with Article 220 (and other overcurrent device must be sized according to Part II of
applicable articles and sections, for example, Article 422, Article 430. For a single motor load, the tap conductors are
for appliances), and the motor load is determined in accor- sized the same as the motor branch-circuit conductors, that
dance with 430.22 (single motor) or 430.24 (two or more is, according to 430.22. Section 430.22 requires that motor
motors). The lighting load and the motor load are added branch-circuit conductors be sized at least 125 percent of
together to determine the minimum conductor ampacity. the full-load current value for the motor given in Table

430.248 through Table 430.250. The table value, rather than
the nameplate value, is the full-load current used for conduc-

430.26 Feeder Demand Factor tor sizing according to 430.6(A).
Second, the tap conductors must terminate in a set ofWhere reduced heating of the conductors results from motors

fuses or a circuit breaker, thus limiting the load on the tapoperating on duty-cycle, intermittently, or from all motors
conductors. It is important to point out that reduced-sizenot operating at one time, the authority having jurisdiction
tap conductors are protected from overload by the terminalmay grant permission for feeder conductors to have an am-
overcurrent device but protected from short-circuit (andpacity less than specified in 430.24, provided the conductors
ground-fault) only from the feeder overcurrent device.have sufficient ampacity for the maximum load determined

Third, where the tap conductor ampacity is less thanin accordance with the sizes and number of motors supplied
the ampacity of the feeder, the tap conductor installationand the character of their loads and duties.
must meet the additional requirements associated with their
tap conductor distance limits, that is, 10 ft, 25 ft, or, byThe authority having jurisdiction may grant permission to
exception, 100 ft.allow a demand factor of less than 100 percent if operational

The requirements for tap conductors that supply motorprocedures, production demands, or the nature of the work
loads are somewhat similar to the basic tap requirementsis such that not all the motors are running at one time.
found in 240.21. For example, where tap conductors supplyEngineering study or evaluation of motor operation may
a motor load and do not exceed 10 ft, the tap conductorsprovide information that will allow a demand factor of less
must be sized for the load, terminate in a set of fuses or athan 100 percent. A fine print note was added to 430.26 in
circuit breaker, be enclosed by a controller or a raceway, andthe 2005 Code to allow demand factors to be applied to the
be protected by a feeder overcurrent device not exceeding 10design of new installations, based on historical experience
times the tap conductor ampacity.and data for similar installations. Application of demand

Where the tap conductors supply a motor load and dofactors is subject to the approval of the AHJ.
not exceed 25 ft, the tap conductors must be sized for the
load, terminate in a set of fuses or a circuit breaker, be
protected from physical damage or be enclosed in a raceway,FPN: Demand factors determined in the design of new

facilities can often be validated against actual historical and have an ampacity at least one-third that of the feeder
experience from similar installations. Refer to ANSI/ conductor.
IEEE Std. 141, IEEE Recommended Practice for Electric In a high-bay manufacturing building, feeder taps up
Power Distribution for Industrial Plants, and ANSI/IEEE

to 100 ft long are conditionally permitted under 430.28,Std. 241, Recommended Practice for Electric Power Sys-
Exception.tems in Commercial Buildings, for information on the

calculation of loads and demand factor.

Example

430.27 Capacitors with Motors A 15-hp, 230-volt, 3-phase, NEMA Design B, squirrel-cage
induction motor with a service factor of 1.15 is to be suppliedWhere capacitors are installed in motor circuits, conductors
by a tap from a 250-kcmil feeder. Assuming three conductorsshall comply with 460.8 and 460.9.
in an individual raceway, all Type THWN copper, and no
ambient correction factor, the feeder has an ampacity of 255430.28 Feeder Taps
amperes (from Table 310.16, 75�C column). Where the tap

Feeder tap conductors shall have an ampacity not less than conductors are not over 25 ft long (see Exhibit 430.8), 4
that required by Part II, shall terminate in a branch-circuit AWG conductors with an ampacity of 85 amperes are permit-
protective device, and, in addition, shall meet one of the ted (1⁄3 � 255 amperes � 85 amperes).
following requirements:
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430.29Article 430 — Motors, Motor Circuits, and Controllers

or enclosed in a raceway, and be not more than 7.5 m
(25 ft) in length

(3) Have an ampacity not less than the feeder conductors

Exception: Feeder taps over 7.5 m (25 ft) long. In high-bay
manufacturing buildings [over 11 m (35 ft) high at walls],
where conditions of maintenance and supervision ensure
that only qualified persons service the systems, conductors
tapped to a feeder shall be permitted to be not over 7.5 m
(25 ft) long horizontally and not over 30.0 m (100 ft) in
total length where all of the following conditions are met:

(a) The ampacity of the tap conductors is not less than
one-third that of the feeder conductors.

Motor controller 
with overload 

devices

Motor short-circuit
ground-fault
protective device
and disconnecting
means

Tap
conductor

M

25 ft max.

Feeder

(b) The tap conductors terminate with a single circuit
breaker or a single set of fuses conforming with (1) Part IV,

Exhibit 430.8 Protective devices (branch-circuit short-circuit
where the load-side conductors are a branch circuit, or (2)and ground-fault) for a motor branch circuit located not more
Part V, where the load-side conductors are a feeder.than 25 ft from the point where the conductors are tapped to a

feeder. (c) The tap conductors are suitably protected from
physical damage and are installed in raceways.

Solution
(d) The tap conductors are continuous from end-to-end

Based on 430.6(A) and Table 430.250, the full-load current
and contain no splices.

of the 15-hp motor is 42 amperes. According to
(e) The tap conductors shall be 6 AWG copper or 4430.52(C)(1), the motor branch-circuit short-circuit and

AWG aluminum or larger.ground-fault protective device cannot exceed the values
(f) The tap conductors shall not penetrate walls, floors,given in Table 430.52. The maximum time-delay fuse value

or ceilings.is 42 � 1.75 � 73.5 amperes. The maximum inverse time
circuit breaker value is 42 � 2.50 � 105 amperes. (g) The tap shall not be made less than 9.0 m (30 ft)

Section 430.52(C)(1), Exception No. 1, allows the next from the floor.
higher standard size — 80 and 110 amperes, respectively.
A higher size, based on Exception No. 2, is allowed if the 430.29 Constant Voltage Direct-Current Motors
80- or 110-ampere size is not adequate to start the motor. — Power Resistors

Based on 430.32, the motor overload protective devices Conductors connecting the motor controller to separately
(heaters) are required to be set at a value not greater than mounted power accelerating and dynamic braking resistors
125 percent of the full-load ampere rating marked on the in the armature circuit shall have an ampacity not less than
motor nameplate. A higher-sized motor overload protective the value calculated from Table 430.29 using motor full-
device setting of up to 140 percent may be used according to load current. If an armature shunt resistor is used, the power
the permissive rules set forth in 430.32(C). Regardless of the accelerating resistor conductor ampacity shall be calculated
exact setting,with themotoroverloadprotection set at approx- using the total of motor full-load current and armature shunt
imately 50 amperes, the 4 AWG THWN copper motor branch- resistor current.
circuit tap conductors are well protected from overload.

For additional information concerning taps supplying
motor circuits for group installations, see 430.53(D) and the Table 430.29 Conductor Rating Factors for Power Resistors
associated commentary.

Time in Seconds Ampacity of Conductor
in Percent of Full-Load

On Off Current(1) Be enclosed either by an enclosed controller or by a
raceway, be not more than 3.0 m (10 ft) in length, and,

5 75 35
for field installation, be protected by an overcurrent 10 70 45
device on the line side of the tap conductor, the rating 15 75 55

15 45 65or setting of which shall not exceed 1000 percent of
15 30 75the tap conductor ampacity
15 15 85(2) Have an ampacity of at least one-third that of the feeder

Continuous Duty 110
conductors, be suitably protected from physical damage
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430.31 Article 430 — Motors, Motor Circuits, and Controllers

or dangerous overheating that may start a fire. OverloadArmature shunt resistor conductors shall have an ampac-
ity of not less than that calculated from Table 430.29 using protection is intended to protect the motor and the system

components from damaging overload currents.rated shunt resistor current as full-load current.
A continuous-duty motor with a marked service factor

of 1.15 or greater or with a marked temperature rise of 40�CIII. Motor and Branch-Circuit
or less can carry a 25 percent overload for an extendedOverload Protection
period without damage to the motor. Other similar types of

430.31 General motors are those with a service factor of less than 1.15 or
those with a marked temperature rise of greater than 40�CPart III specifies overload devices intended to protect motors,
that are incapable of withstanding a prolonged overload,motor-control apparatus, and motor branch-circuit conduc-
where the motor overload protective device opens the circuittors against excessive heating due to motor overloads and
if the motor continues to draw 115 percent of its rated full-failure to start.
load current.Overload in electrical apparatus is an operating overcur-

Section 430.32(A) was revised for the 2005 Code torent that, when it persists for a sufficient length of time,
make it clear that continuous-duty motor is not the same aswould cause damage or dangerous overheating of the appara-
continuous load. The duty of a motor is determined by thetus. It does not include short circuits or ground faults.
application of the motor as defined in Article 100 underThese provisions shall not be interpreted as requiring
duty.overload protection where it might introduce additional or

increased hazards, as in the case of fire pumps.

(1) Separate Overload Device A separate overload deviceFPN: For protection of fire pump supply conductors, see
that is responsive to motor current. This device shall be695.6.
selected to trip or shall be rated at no more than the following

The provisions of Part III shall not apply to motor percent of the motor nameplate full-load current rating:
circuits rated over 600 volts, nominal.

Motors with a marked service factor 1.15 or greater 125%
FPN No. 1: For over 600 volts, nominal, see Part XI. Motors with a marked temperature rise 40�C or less 125%
FPN No. 2: See Annex D, Example No. D8. All other motors 115%

Modification of this value shall be permitted as provided
Section 430.31 sets the general guidelines for motor overload

in 430.32(C). For a multispeed motor, each winding connec-
protection. The purpose of this protection is to guard the

tion shall be considered separately.
motor against abnormal operating conditions such as failure

Where a separate motor overload device is connected
to start from a locked rotor, single-phase condition or too

so that it does not carry the total current designated on the
much friction on the driven load. The overload protection

motor nameplate, such as for wye-delta starting, the proper
also guards against excessive heating in the motor caused

percentage of nameplate current applying to the selection
by an overload condition or from a loss of phase condition.

or setting of the overload device shall be clearly designated
Adequately applied overload protection should protect

on the equipment, or the manufacturer’s selection table shall
the motor from any overload condition prior to damage

take this into account.
occurring in the motor. Overload protection is not designed

FPN: Where power factor correction capacitors are in-or may not be capable of breaking short-circuit current or
stalled on the load side of the motor overload device,ground-fault current. Overload protection may not be in-
see 460.9.

stalled where it could cause increased hazards as identified
for fire pumps.

Motors are required to be protected from overloads. To
protect a motor from an overload, the motor nameplate full-
load current is used to select the overload protection rather430.32 Continuous-Duty Motors
than the full-load current values from Table 430.248 through(A) More Than 1 Horsepower Each motor used in a con-
Table 430.250, which are used to design the feeder andtinuous duty application and rated more than 1 hp shall be
branch circuit wiring.protected against overload by one of the means in

430.32(A)(1) through (A)(4).
(2) Thermal Protector A thermal protector integral with
the motor, approved for use with the motor it protects onThe basic premise behind 430.32(A) through 430.32(E) is
the basis that it will prevent dangerous overheating of thethat the operation of a motor in excess of its normal full-
motor due to overload and failure to start. The ultimate tripload rating for a prolonged period of time causes damage
current of a thermally protected motor shall not exceed the

2005 National Electrical Code Handbook560

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



430.32Article 430 — Motors, Motor Circuits, and Controllers

following percentage of motor full-load current given in and its control circuit is operated by a protective device
integral with the motor, it shall be arranged so that theTable 430.248, Table 430.249, and Table 430.250:
opening of the control circuit results in interruption of current

Motor full-load current 9 amperes or less 170% to the motor.
Motor full-load current from 9.1 to, and including, 20 156%
amperes
Motor full-load current greater than 20 amperes 140% A thermal protector located inside the motor housing, as

shown in Exhibit 430.9, is connected in series with the motor
If the motor current-interrupting device is separate from the winding. This protective device commonly consists of a set
motor and its control circuit is operated by a protective of normally closed contacts attached to a bimetallic disk
device integral with the motor, it shall be arranged so that through which the circuit is normally closed. The thermal
the opening of the control circuit will result in interruption protector heating coil (in series with the motor winding)
of current to the motor. causes the disk to heat rapidly. The heat-actuated disk snaps

the contacts open to protect the motor windings from over-
(3) Integral with Motor A protective device integral with

heating due to failure to start, a sudden heavy overload, or
a motor that will protect the motor against damage due to

a prolonged overload.
failure to start shall be permitted if the motor is part of an

After the circuit opens and the motor has cooled to a
approved assembly that does not normally subject the motor

normal temperature, the contacts automatically close and
to overloads.

restart the motor. In some cases, this may not be desirable.
For such applications, the protective device is designed so(4) Larger Than 1500 Horsepower For motors larger than
that it must be returned to the closed position by a manually1500 hp, a protective device having embedded temperature
controlled reset, as required by 430.43. For larger motorsdetectors that cause current to the motor to be interrupted
(usually over 1 hp), a similar device is used. This device,when the motor attains a temperature rise greater than
upon abnormal overload, acts as a control-circuit switch andmarked on the nameplate in an ambient temperature of 40�C.
operates the control circuit of a motor current-interrupting
device, usually a motor contactor or starter, located sepa-Continuous-duty-rated motors of more than 1 hp can be
rately from the motor. A thermal protector and circuit-inter-protected against overload conditions by any one of the
rupting device should be approved for use with the motorfollowing four methods, in accordance with 430.32(A):
it protects and is required to open the circuit on an overcur-

1. An overload device located in the motor controller, such rent, as specified in 430.32(A)(2).
as a bimetallic element or eutectic material

2. A thermal protector located in the motor that senses
(3) Integral with Motor A protective device integral withexcessive current or temperature
a motor that protects the motor against damage due to failure3. A protective device in the motor, if the motor is part
to start shall be permitted (1) if the motor is part of anof an assembly that does not normally subject the motor
approved assembly that does not subject the motor to over-to overloads
loads, or (2) if the assembly is also equipped with other4. For motors larger than 1500 hp, a temperature-sensitive
safety controls (such as the safety combustion controls ondevice embedded in the motor windings that will de-
a domestic oil burner) that protect the motor against damageenergize the motor
due to failure to start. Where the assembly has safety controls
that protect the motor, it shall be so indicated on the name-

(B) One Horsepower or Less, Automatically Started plate of the assembly where it will be visible after installa-
Any motor of 1 hp or less that is started automatically shall tion.
be protected against overload by one of the following means.

(4) Impedance-Protected If the impedance of the motor
windings is sufficient to prevent overheating due to failure(1) Separate Overload Device By a separate overload de-
to start, the motor shall be permitted to be protected asvice following the requirements of 430.32(A)(1).
specified in 430.32(D)(2)(a) for manually started motors ifFor a multispeed motor, each winding connection shall
the motor is part of an approved assembly in which thebe considered separately. Modification of this value shall be
motor will limit itself so that it will not be dangerouslypermitted as provided in 430.32(C).
overheated.

(2) Thermal Protector A thermal protector integral with
FPN: Many ac motors of less than 1⁄20 hp, such as clockthe motor, approved for use with the motor that it protects
motors, series motors, and so forth, and also some larger

on the basis that it will prevent dangerous overheating of motors such as torque motors, come within this classifica-
the motor due to overload and failure to start. Where the tion. It does not include split-phase motors having auto-

matic switches that disconnect the starting windings.motor current-interrupting device is separate from the motor
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430.33 Article 430 — Motors, Motor Circuits, and Controllers

or incremental settings shall be permitted to be used, pro-
vided the trip current of the overload relay does not exceed
the following percentage of motor nameplate full-load cur-
rent rating:

Motors with marked service factor 1.15 or greater 140%
Motors with a marked temperature rise 40�C or less 140%
All other motors 130%

If not shunted during the starting period of the motor as
provided in 430.35, the overload device shall have sufficient
time delay to permit the motor to start and accelerate its
load.

FPN: A Class 20 or Class 30 overload relay will provide
a longer motor acceleration time than a Class 10 or Class
20, respectively. Use of a higher class overload relay
may preclude the need for selection of a higher trip
current.

(D) One Horsepower or Less, Nonautomatically Started

(1) Permanently Installed Overload protection shall be in
accordance with 430.32(B).

(2) Not Permanently Installed

Motors rated 1 hp or less that are not permanently installed
and not automatically started, such as for bench grinders,
drill presses, and portable electric tools, are not required to
have overload protection and may be protected by the
branch-circuit short-circuit fuse or circuit breaker. This type
of equipment is usually attended by the operator, who can
immediately shut off power to the motor should it overheat
and start smoking.

(a) Within Sight from Controller. Overload protection
shall be permitted to be furnished by the branch circuit
short-circuit and ground-fault protective device; such device,
however, shall not be larger than that specified in Part IV
of Article 430.

Exception: Any such motor shall be permitted on a nominal
120 volt branch circuit protected at not over 20 amperes.

ON

Normally 
closed 
contact

Bimetallic
disk

OFF

Reset 
button

Thermal
protector

Connection
to windings

(b) Not Within Sight from Controller. Overload protec-
tion shall be in accordance with 430.32(B).

Exhibit 430.9 A thermal protector for a motor, in which a heat-
sensitive snap-action disk opens contacts and protects the motor (E) Wound-Rotor Secondaries The secondary circuits of
against dangerous overheating. This device is integrally mounted wound-rotor ac motors, including conductors, controllers,
within the motor. (Redrawn courtesy of Texas Instruments, Inc.) resistors, and so forth, shall be permitted to be protected

against overload by the motor-overload device.

(C) Selection of Overload Relay Where the sensing ele-
430.33 Intermittent and Similar Dutyment or setting of the overload relay selected in accordance

with 430.32(A)(1) and 430.32(B)(1) is not sufficient to start A motor used for a condition of service that is inherently
short-time, intermittent, periodic, or varying duty, as illus-the motor or to carry the load, higher size sensing elements
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430.36Article 430 — Motors, Motor Circuits, and Controllers

accelerate its load. If shunting is employed, the overloadtrated by Table 430.22(E), shall be permitted to be protected
against overload by the branch-circuit short-circuit and protection is permitted to be bypassed only during the start-

ing period of the motor. See Exhibit 430.10, which illustratesground-fault protective device, provided the protective de-
vice rating or setting does not exceed that specified in Table this type of bypass during motor starting. When the switch

is thrown momentarily in one direction (starting position),430.52.
Any motor application shall be considered to be for the overload protective fuses are shunted or cut out of the

circuit. The switch is then thrown in the opposite directioncontinuous duty unless the nature of the apparatus it drives
is such that the motor cannot operate continuously with load (running position) and must be designed so that it cannot

be left in the starting position.under any condition of use.

If a motor is selected for duty-cycle service (short-time,
intermittent, periodic, or varying), it can be assumed that
the motor will not operate continuously, due to the nature
of the apparatus or machinery it drives. Therefore, prolonged
overloads are rare unless mechanical failure in the driven
apparatus stalls the motor; in that case, the branch-circuit
protective device would open the circuit. The omission of
overload protective devices for such motors is based on the
type of duty and not on the time rating of the motor.

430.35 Shunting During Starting Period
(A) Nonautomatically Started For a nonautomatically
started motor, the overload protection shall be permitted to
be shunted or cut out of the circuit during the starting period
of the motor if the device by which the overload protection
is shunted or cut out cannot be left in the starting position
and if fuses or inverse time circuit breakers rated or set at
not over 400 percent of the full-load current of the motor
are located in the circuit so as to be operative during the
starting period of the motor.

M

Mains

Disconnecting means

Ground-fault short-circuit protective devices

START RUN

Fuses used as overload protection 
but shunted during starting only

(B) Automatically Started The motor overload protection Exhibit 430.10 Arrangement for across-the-line, or full-voltage,
shall not be shunted or cut out during the starting period if starting of a motor.
the motor is automatically started.

Exception: The motor overload protection shall be permit- If fuses are used as overload protection, they may be
ted to be shunted or cut out during the starting period on shunted or cut out of the circuit during the starting period
an automatically started motor where the following apply: by a device (in this case a double-throw switch) designed

so that it cannot be left in the starting position. Therefore,(a) The motor starting period exceeds the time delay of
during the starting period, the motor is protected only byavailable motor overload protective devices, and
the branch-circuit fuses that are always rated within the(b) Listed means are provided to perform the following:
limits of 430.35(A). If there are no branch-circuit fuses, as(1) Sense motor rotation and automatically prevent the
permitted by 430.53, then a starter (shunting) device is notshunting or cutout in the event that the motor fails
allowed during the starting period unless the feeder protec-to start, and
tion is within the limits of 430.35(A) (not over 400 percent(2) Limit the time of overload protection shunting or
of the full-load motor current).cutout to less than the locked rotor time rating of

the protected motor, and
(3) Provide for shutdown and manual restart if motor

430.36 Fuses — In Which Conductorrunning condition is not reached.
Where fuses are used for motor overload protection, a fuse
shall be inserted in each ungrounded conductor and also inIf not shunted during the starting period of the motor, the
the grounded conductor if the supply system is 3-wire,overload device must have sufficient time delay to start and
3-phase ac with one conductor grounded.
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430.37 Article 430 — Motors, Motor Circuits, and Controllers

430.37 Devices Other Than Fuses — 430.38 Number of Conductors Opened by
Overload DeviceIn Which Conductor
Motor overload devices, other than fuses or thermal protec-Where devices other than fuses are used for motor overload

protection, Table 430.37 shall govern the minimum allow- tors, shall simultaneously open a sufficient number of un-
grounded conductors to interrupt current flow to the motor.able number and location of overload units such as trip coils

or relays.
430.39 Motor Controller as Overload Protection

Table 430.37 Overload Units
A motor controller shall also be permitted to serve as an
overload device if the number of overload units compliesNumber and

Location of with Table 430.37 and if these units are operative in both
Overload Units, the starting and running position in the case of a dc motor,

Such as Trip Coils and in the running position in the case of an ac motor.Kind of Motor Supply System or Relays

1-phase ac or dc 2-wire, 1-phase ac 1 in either For the purpose of Article 430, a controller may be a switch,
or dc ungrounded conductor a circuit breaker, a contactor, or any other device that starts

and stops a motor by making and breaking the motor circuit
1-phase ac or dc 2-wire, 1-phase ac 1 in ungrounded

current. The controller must be capable of interrupting theor dc, one conductor
stalled-rotor current of the motor and must have a horse-conductor

grounded power rating that is not lower than the horsepower rating
of the motor. Motor controllers are covered in Part VII of

1-phase ac or dc 3-wire, 1-phase ac 1 in either Article 430.
or dc, grounded ungrounded

Dual-element fuses can be sized to provide motor over-neutral conductor
load protection (see 430.36). Automatically operated con-

1-phase ac Any 3-phase 1 in ungrounded tactors or circuit breakers (with trip units) are governed by
conductor the requirements of 430.37 and 430.38 where these devices

are used to provide overload protection.
2-phase ac 3-wire, 2-phase ac, 2, one in each phase

ungrounded

430.40 Overload Relays2-phase ac 3-wire, 2-phase ac, 2 in ungrounded
one conductor conductors Overload relays and other devices for motor overload protec-
grounded

tion that are not capable of opening short circuits or ground
faults shall be protected by fuses or circuit breakers with2-phase ac 4-wire, 2-phase ac, 2, one per phase in

grounded or ungrounded con- ratings or settings in accordance with 430.52 or by a motor
ungrounded ductors short-circuit protector in accordance with 430.52.

2-phase ac Grounded neutral or 2, one per phase in
Some overload devices are marked with a maximum short-5-wire, 2-phase any ungrounded

ac, ungrounded phase wire circuit and ground-fault protective device rating or setting.
This rating sets the limit on the maximum fuse or breaker

3-phase ac Any 3-phase 3, one in each
size that may be upstream from the overload device. Thephase*
rating also notifies the user that coordination between the

*Exception: An overload unit in each phase shall not be required overload device and the short-circuit and ground-fault device
where overload protection is provided by other approved means. is required, which is most often the case for group motor

installation.

All 3-phase motors, except those protected by other approved
means, must be provided with three overload units, one in Exception: Where approved for group installation and
each phase. Examples of those motors protected by other marked to indicate the maximum size of fuse or inverse time
means include specially designed or integral-type detectors, circuit breaker by which they must be protected, the overload
with or without supplementary external protective devices. devices shall be protected in accordance with this marking.
See 430.36 for instances in which fuses used as overloads
are required even in the grounded conductor. FPN: For instantaneous trip circuit breakers or motor

short-circuit protectors, see 430.52.
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430.52Article 430 — Motors, Motor Circuits, and Controllers

430.42 Motors on General-Purpose 430.44 Orderly Shutdown
Branch Circuits If immediate automatic shutdown of a motor by a motor

overload protective device(s) would introduce additional orOverload protection for motors used on general-purpose
increased hazard(s) to a person(s) and continued motor oper-branch circuits as permitted in Article 210 shall be provided
ation is necessary for safe shutdown of equipment or process,as specified in 430.42(A), (B), (C), or (D).
a motor overload sensing device(s) conforming with the

(A) Not Over 1 Horsepower One or more motors without
provisions of Part III of this article shall be permitted to be

individual overload protection shall be permitted to be con-
connected to a supervised alarm instead of causing immedi-

nected to a general-purpose branch circuit only where the
ate interruption of the motor circuit, so that corrective action

installation complies with the limiting conditions specified
or an orderly shutdown can be initiated.

in 430.32(B) and 430.32(D) and 430.53(A)(1) and (A)(2).

(B) Over 1 Horsepower Motors of ratings larger than spec- IV. Motor Branch-Circuit Short-Circuit
ified in 430.53(A) shall be permitted to be connected to and Ground-Fault Protection
general-purpose branch circuits only where each motor is

430.51 Generalprotected by overload protection selected to protect the
motor as specified in 430.32. Both the controller and the Part IV specifies devices intended to protect the motor
motor overload device shall be approved for group installa- branch-circuit conductors, the motor control apparatus, and
tion with the short-circuit and ground-fault protective device the motors against overcurrent due to short circuits or
selected in accordance with 430.53. grounds. These rules add to or amend the provisions of

Article 240. The devices specified in Part IV do not include(C) Cord-and-Plug Connected Where a motor is con-
the types of devices required by 210.8, 230.95, and 527.6.nected to a branch circuit by means of an attachment plug

The provisions of Part IV shall not apply to motorand receptacle and individual overload protection is omitted
circuits rated over 600 volts, nominal.as provided in 430.42(A), the rating of the attachment plug

and receptacle shall not exceed 15 amperes at 125 volts or FPN No. 1: For over 600 volts, nominal, see Part XI.
250 volts. Where individual overload protection is required FPN No. 2: See Annex D, Example D8.
as provided in 430.42(B) for a motor or motor-operated

430.52 Rating or Setting for Individualappliance that is attached to the branch circuit through an
attachment plug and receptacle, the overload device shall Motor Circuit
be an integral part of the motor or of the appliance. The (A) General The motor branch-circuit short-circuit and
rating of the attachment plug and receptacle shall determine ground-fault protective device shall comply with 430.52(B)
the rating of the circuit to which the motor may be connected, and either 430.52(C) or 430.52(D), as applicable.
as provided in Article 210.

(D) Time Delay The branch-circuit short-circuit and Section 430.52(A) establishes the maximum allowable rat-
ground-fault protective device protecting a circuit to which ings or settings of devices (fuses or circuit breakers) accept-
a motor or motor-operated appliance is connected shall have able for motor branch-circuit short-circuit and ground-fault
sufficient time delay to permit the motor to start and acceler- protection and states that these devices are expected to carry
ate its load. the starting current of the motor and provide short-circuit

and ground-fault protection. For certain exceptions to the430.43 Automatic Restarting
maximum rating or setting of these motor branch-circuit

A motor overload device that can restart a motor automati- protective devices, as specified in Table 430.52, see 430.52,
cally after overload tripping shall not be installed unless 430.53, and 430.54.
approved for use with the motor it protects. A motor overload Section 430.6 requires that if the current rating of a
device that can restart a motor automatically after overload motor is used to determine the ampacity of conductors or
tripping shall not be installed if automatic restarting of the ampere ratings of switches, branch-circuit overcurrent de-
motor can result in injury to persons. vices, and so on, the values given in Table 430.248 through

Table 430.250 (including notes) must be used instead of
the actual motor nameplate current rating. Separate motorAn integral motor overload protective device may be of the

type that, after tripping and sufficiently cooling, automati- overload protection must be based on the motor nameplate
current rating.cally restarts the motor, or it may be of the type that, after

tripping, is closed by use of a manually operated reset button. Exhibit 430.5 illustrates a typical motor circuit in which
the branch-circuit short-circuit and ground-fault protectiveSee the commentary following 430.32(B)(2).
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430.52 Article 430 — Motors, Motor Circuits, and Controllers

Table 430.52 Maximum Rating or Setting of Motor Branch-fuse or circuit breaker rating must carry the starting current Circuit Short-Circuit and Ground-Fault Protective Devices
and may be sized 150 to 300 percent of the motor full-load
current (depending on the type of motor). Percentage of Full-Load Current

The rules for short-circuit and ground-fault protection
Nontime Dual Element Inverseare specific for particular situations. A short circuit is a fault

Type of Delay (Time-Delay) Instantaneous Timebetween two conductors or between phases. A ground fault
Motor Fuse1 Fuse1 Trip Breaker Breaker2

is a fault between an ungrounded conductor and ground.
During a short-circuit or phase-to-ground condition, the ex- Single-phase 300 175 800 250
tremely high current causes the protective fuses or circuit motors
breakers to open the circuit. Excess current flow caused by AC polyphase motors other than wound-rotor

Squirrel cage 300 175 800 250an overload condition passes through the overload protective
— otherdevice at the motor controller, thereby causing the device
thanto open the control circuit or motor circuit conductors.
Design B

Branch-circuit conductors with an ampacity of 125 per- energy-
cent (not 150 to 300 percent) of the motor full-load current efficient
are reasonably protected by motor-protective devices set to Design B 300 175 1100 250
operate at nearly the same current as the ampacity of the energy-

efficientconductors. Branch-circuit short-circuit and ground-fault
Synchronous3 300 175 800 250protective devices will open the circuit under short-circuit

conditions and thereby provide short-circuit and ground- Wound rotor 150 150 800 150
fault protection for both the motor and overload protective Direct current 150 150 250 150

(constantdevice; however, the overload protective device is not in-
voltage)tended to open short circuits or ground faults.

The selected rating or setting of the branch-circuit short- Note: For certain exceptions to the values specified, see 430.54.
circuit and ground-fault protective device should be as low 1The values in the Nontime Delay Fuse column apply to Time-Delay

Class CC fuses.as possible for maximum protection. However, if the rating
2The values given in the last column also cover the ratings of nonadjust-or setting specified in Table 430.52 or permitted by
able inverse time types of circuit breakers that may be modified as in430.52(C)(1), Exception No. 1, is not sufficient for the 430.52(C), Exception No. 1 and No. 2.

starting current of the motor, a higher rating or setting 3Synchronous motors of the low-torque, low-speed type (usually 450
rpm or lower), such as are used to drive reciprocating compressors,is allowed per 430.52(C)(1), Exception No. 2. For example,
pumps, and so forth, that start unloaded, do not require a fuse ratinga higher rating would be allowed for a motor under severe
or circuit-breaker setting in excess of 200 percent of full-load current.

starting conditions in which the motor and its driven machin-
ery require an extended period of time to reach the desired
speed. Although Class CC fuses are rated as time delay, they are

permitted to be sized according to the requirements of non-
time-delay-rated fuses because they are so fast acting. Exam-

(B) All Motors The motor branch-circuit short-circuit and ples of Class CC fuses are shown in Exhibit 430.11.
ground-fault protective device shall be capable of carrying The Design E motor standard was rescinded by NEMA
the starting current of the motor. in February 2000. All references to Design E motors have

been removed from the NEC and from NEMA MG 1-2003,
(C) Rating or Setting Motors and Generators.
(1) In Accordance with Table 430.52 A protective device
that has a rating or setting not exceeding the value

Exception No. 2: Where the rating specified in Table 430.52,calculated according to the values given in Table 430.52
as modified by Exception No. 1, is not sufficient for theshall be used.
starting current of the motor:

Exception No. 1: Where the values for branch-circuit short-
(a) The rating of a nontime-delay fuse not exceedingcircuit and ground-fault protective devices determined by

600 amperes or a time-delay Class CC fuse shall be permit-Table 430.52 do not correspond to the standard sizes or
ted to be increased but shall in no case exceed 400 percentratings of fuses, nonadjustable circuit breakers, thermal pro-
of the full-load current.tective devices, or possible settings of adjustable circuit

breakers, a higher size, rating, or possible setting that does (b) The rating of a time-delay (dual-element) fuse shall
be permitted to be increased but shall in no case exceednot exceed the next higher standard ampere rating shall be

permitted. 225 percent of the full-load current.
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430.52Article 430 — Motors, Motor Circuits, and Controllers

percent of the motor full-load current for other than Design
B energy-efficient motors and no more than 1700 percent of
full-load motor current for Design B energy-efficient motors.
Trip settings above 800 percent for other than Design B
energy-efficient motors and above 1100 percent for Design
B energy-efficient motors shall be permitted where the need
has been demonstrated by engineering evaluation. In such
cases, it shall not be necessary to first apply an instanta-
neous-trip circuit breaker at 800 percent or 1100 percent.

FPN: For additional information on the requirements for
a motor to be classified ‘‘energy efficient,’’ see NEMA
Standards Publication No. MG1-1993, Revision, Motors
and Generators, Part 12.59.

Exception No. 2: Where the motor full-load current is 8
amperes or less, the setting of the instantaneous-trip circuit
breaker with a continuous current rating of 15 amperes or
less in a listed combination motor controller that provides
coordinated motor branch-circuit overload and short-circuit

Exhibit 430.11 Class CC fuses. (Courtesy of Bussmann Divi- and ground-fault protection shall be permitted to be in-
sion, Cooper Industries) creased to the value marked on the controller.

(4) Multispeed Motor For a multispeed motor, a single
short-circuit and ground-fault protective device shall be per-(c) The rating of an inverse time circuit breaker shall
mitted for two or more windings of the motor, provided thebe permitted to be increased but shall in no case exceed
rating of the protective device does not exceed the above400 percent for full-load currents of 100 amperes or less or
applicable percentage of the nameplate rating of the smallest300 percent for full-load currents greater than 100 amperes.
winding protected.

(d) The rating of a fuse of 601–6000 ampere classifica-
Exception: For a multispeed motor, a single short-circuittion shall be permitted to be increased but shall in no case
and ground-fault protective device shall be permitted to beexceed 300 percent of the full-load current.
used and sized according to the full-load current of the

FPN: See Annex D, Example D8, and Figure 430.1. highest current winding, where all of the following condi-
tions are met:(2) Overload Relay Table Where maximum branch-circuit

short-circuit and ground-fault protective device ratings are (a) Each winding is equipped with individual overload
shown in the manufacturer’s overload relay table for use protection sized according to its full-load current.
with a motor controller or are otherwise marked on the

(b) The branch-circuit conductors supplying each
equipment, they shall not be exceeded even if higher values

winding are sized according to the full-load current of the
are allowed as shown above.

highest full-load current winding.

(3) Instantaneous Trip Circuit Breaker An instantaneous (c) The controller for each winding has a horsepower
trip circuit breaker shall be used only if adjustable and if part rating not less than that required for the winding having the
of a listed combination motor controller having coordinated highest horsepower rating.
motor overload and short-circuit and ground-fault protection

(5) Power Electronic Devices Suitable fuses shall be per-in each conductor, and the setting is adjusted to no more
mitted in lieu of devices listed in Table 430.52 for powerthan the value specified in Table 430.52.
electronic devices in a solid state motor controller system,

FPN: For the purpose of this article, instantaneous trip provided that the marking for replacement fuses is provided
circuit breakers may include a damping means to accom- adjacent to the fuses.modate a transient motor inrush current without nuisance
tripping of the circuit breaker.

(6) Self-Protected Combination Controller A listed self-
protected combination controller shall be permitted in lieuException No. 1: Where the setting specified in Table 430.52

is not sufficient for the starting current of the motor, the of the devices specified in Table 430.52. Adjustable instanta-
neous-trip settings shall not exceed 1300 percent of full-setting of an instantaneous trip circuit breaker shall be per-

mitted to be increased but shall in no case exceed 1300 load motor current for other than Design B energy-efficient
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430.53 Article 430 — Motors, Motor Circuits, and Controllers

not more than 1 hp, the full-load rating of each motor doesmotors and not more than 1700 percent of full-load motor
current for Design B energy-efficient motors. not exceed 6 amperes, and the rating of the branch-circuit

protective device is not exceeded.
The requirements for overload protection, as providedA self-protected combination controller combines the func-

in 430.32, must be applied in all cases, regardless of thetions of short-circuit protection, disconnect, controller, and
number (one or more) of motors or the type of branch circuit.overload protection into a single unit. Only listed units are

permitted; therefore, they must be applied within their rat-
ings. (B) If Smallest Rated Motor Protected If the branch-

circuit short-circuit and ground-fault protective device is
selected not to exceed that allowed by 430.52 for the smallest

FPN: Proper application of self-protected combination rated motor, two or more motors or one or more motors and
controllers on 3-phase systems, other than solidly

other load(s), with each motor having individual overloadgrounded wye, particularly on corner grounded delta sys-
protection, shall be permitted to be connected to a branchtems, considers the self-protected combination control-

lers’ individual pole-interrupting capability. circuit where it can be determined that the branch-circuit
short-circuit and ground-fault protective device will not open

(7) Motor Short-Circuit Protector A motor short-circuit under the most severe normal conditions of service that
protector shall be permitted in lieu of devices listed in Table might be encountered.
430.52 if the motor short-circuit protector is part of a listed

(C) Other Group Installations Two or more motors ofcombination motor controller having coordinated motor
any rating or one or more motors and other load(s), withoverload protection and short-circuit and ground-fault pro-
each motor having individual overload protection, shall betection in each conductor and it will open the circuit at
permitted to be connected to one branch circuit where thecurrents exceeding 1300 percent of motor full-load current
motor controller(s) and overload device(s) are (1) installedfor other than Design B energy-efficient motors and 1700
as a listed factory assembly and the motor branch-circuitpercent of motor full-load motor current for Design B
short-circuit and ground-fault protective device either is pro-energy-efficient motors.
vided as part of the assembly or is specified by a marking

(D) Torque Motors Torque motor branch circuits shall be on the assembly, or (2) the motor branch-circuit short-circuit
protected at the motor nameplate current rating in accordance and ground-fault protective device, the motor controller(s),
with 240.4(B). and overload device(s) are field-installed as separate assem-

blies listed for such use and provided with manufacturers’
430.53 Several Motors or Loads on One instructions for use with each other, and (3) all of the follow-
Branch Circuit ing conditions are complied with:

Two or more motors or one or more motors and other loads (1) Each motor overload device is listed for group installa-
shall be permitted to be connected to the same branch circuit tion with a specified maximum rating of fuse, inverse
under conditions specified in 430.53(D) and in 430.53(A), time circuit breaker, or both.
(B), or (C). (2) Each motor controller is listed for group installation

with a specified maximum rating of fuse, circuit breaker,
(A) Not Over 1 Horsepower Several motors, each not ex-

or both.
ceeding 1 hp in rating, shall be permitted on a nominal 120-

(3) Each circuit breaker is listed and is of the inverse time
volt branch circuit protected at not over 20 amperes or a

type.
branch circuit of 600 volts, nominal, or less, protected at

(4) The branch circuit shall be protected by fuses or inverse
not over 15 amperes, if all of the following conditions are

time circuit breakers having a rating not exceeding that
met:

specified in 430.52 for the highest rated motor con-
nected to the branch circuit plus an amount equal to the(1) The full-load rating of each motor does not exceed 6

amperes. sum of the full-load current ratings of all other motors
and the ratings of other loads connected to the circuit.(2) The rating of the branch-circuit short-circuit and

ground-fault protective device marked on any of the Where this calculation results in a rating less than the
ampacity of the supply conductors, it shall be permittedcontrollers is not exceeded.

(3) Individual overload protection conforms to 430.32. to increase the maximum rating of the fuses or circuit
breaker to a value not exceeding that permitted by
240.4(B).Two or more motors or one or more motors and other loads

(5) The branch-circuit fuses or inverse time circuit breakersmay be connected to the same 120-volt, 15- or 20-ampere,
are not larger than allowed by 430.40 for the overloadsingle-phase lighting circuit as long as each motor is rated
relay protecting the smallest rated motor of the group.
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430.53Article 430 — Motors, Motor Circuits, and Controllers

applying this tap rule are similar to those in 430.28 covering(6) Overcurrent protection for loads other than motor loads
shall be in accordance with Parts I through VII of Article motor supply conductors tapped to a feeder. The short-circuit

ground-fault device on the line side of the tap conductors240.
is protecting more than one set of conductors that supply

FPN: See 110.10 for circuit impedance and other charac- individual motors, thus eliminating the need for an individualteristics.
short-circuit ground-fault device for each set of conductors
that supply a motor.

Section 110.10 addresses characteristics of components such This approach requires that the tap conductors meet
as impedance and short-circuit current ratings. Devices with certain size, physical protection, length, and termination con-
the same ampere rating may have significantly different ditions. The tap conductors always have to meet the conduc-
short-circuit current ratings. Proper selection of components tor size requirements of 430.22 and must have an ampacity
includes consideration of the characteristics of all compo- not less than one-tenth the rating of the upstream short-
nents so that a fault will not cause unacceptable damage. circuit ground-fault protective device. Where the conductors

A new paragraph (6) was added to 430.53(C) in the are sized according to this provision, their length cannot
2005 Code to clarify that in group installations, where there exceed 10 ft, and they have to be enclosed in a raceway or by
are other loads that are not motor loads, the other loads must the motor controller. If the conductor ampacity is not less than
be provided with overcurrent protection in accordance with the rating of the upstream short-circuit ground-fault protec-
Part I and Part VII of Article 240. The ground-fault short- tive device, the length of the conductor is not limited.
circuit protection for motors might be greater than is permit- The tap conductors are permitted to terminate in a listed
ted for other loads in accordance with Article 240. manual motor controller that is marked ‘‘Suitable for Tap

Conductor Protection in Group Installations.’’ This control-
ler provides an instantaneous trip mechanism, motor over-(D) Single Motor Taps For group installations described
load protection, and provisions for disconnecting the motor.above, the conductors of any tap supplying a single motor

Exhibit 430.12 illustrates main branch-circuit conduc-shall not be required to have an individual branch-circuit
tors supplying a motor that is part of a group installation.short-circuit and ground-fault protective device, provided
The tap conductors have an ampacity equal to the ampacitythey comply with one of the following:
of the main branch-circuit conductors; therefore, branch-
circuit short-circuit and ground-fault protective devices,(1) No conductor to the motor shall have an ampacity less

than that of the branch-circuit conductors.
(2) No conductor to the motor shall have an ampacity less

than one-third that of the branch-circuit conductors, with
a minimum in accordance with 430.22, the conductors
to the motor overload device being not more than 7.5 m
(25 ft) long and being protected from physical damage.

(3) Conductors from the branch-circuit short-circuit and
ground-fault protective device to a listed manual motor
controller additionally marked ‘‘Suitable for Tap Con-
ductor Protection in Group Installations’’ shall be per-
mitted to have an ampacity not less than 1⁄10 the rating
or setting of the branch-circuit short-circuit and ground-
fault protective device. The conductors from the control-
ler to the motor shall have an ampacity in accordance
with 430.22. The conductors from the branch-circuit
short-circuit and ground-fault protective device to the
controller shall (1) be suitably protected from physical
damage and enclosed either by an enclosed controller
or by a raceway and shall be not more than 3 m (10 ft)
long or (2) shall have an ampacity not less than that of
the branch circuit conductors.

M

Tap conductor ampacity
equal to branch-circuit
ampacity

Main branch circuit

Controller with motor overload devices

Fuseless disconnecting means

For group motor applications covered in 430.53(C), the pro- Exhibit 430.12 An example of the permissible omission of motor
visions of 430.53(D)(3) add a third alternative for tapping branch-circuit protective devices for tap conductors that have the

same ampacity as the main conductors.a branch circuit to supply a single motor. The conditions for
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430.54 Article 430 — Motors, Motor Circuits, and Controllers

to or larger than 125 percent of the motor’s full-load currentfuses, or circuit breakers for the conductors in the tap are
rating (see 430.22).not required at the point of connection of the tap conductors

to the main conductors, provided that the motor controller Example
and motor overload protective device are listed for group

A branch circuit sized at 2/0 AWG THW copper typicallyinstallation with the size of the main branch-circuit short-
has an ampacity of 175 amperes (see Table 310.16). A tapcircuit and ground-fault protective device used.
conductor (25 ft or less) would normally be permitted to beExhibit 430.13 also illustrates main branch-circuit con-
sized at 6 AWG THW copper (65 amperes). But one-third ofductors supplying a motor that is part of a group installation.
175 amperes is 58 amperes, and the motor circuit conductorsHere, the tap conductors have an ampacity at least one-third
must have an ampacity of at least 85 amperes.the ampacity of the main branch-circuit conductors, are not

If a 25-hp, 230-volt, 3-phase squirrel-cage motor is tomore than 25 ft in length, and are suitably protected from
be supplied from this branch circuit, a 6 AWG tap conductorphysical damage. The motor controller and motor overload
would not meet the requirements of 430.22. That is, 125protective device must be listed for group installation with
percent of the full-load current of the motor (68 amperesthe size of the main branch-circuit short-circuit and ground-
from Table 430.250) is 85 amperes (1.25 � 68 amperes �fault protective device used.
85 amperes). Therefore, the branch-circuit tap conductors
are not permitted to be smaller than 4 AWG THW copper,
with a normal ampacity of 85 amperes (see Table 310.16).

Note that the ampacities in Table 310.16 are reduced
for ambient temperatures above 30�C and for more than
three conductors in the raceway or cable.

430.54 Multimotor and Combination-
Load Equipment
The rating of the branch-circuit short-circuit and ground-
fault protective device for multimotor and combination-load
equipment shall not exceed the rating marked on the equip-
ment in accordance with 430.7(D).

430.55 Combined Overcurrent Protection
Motor branch-circuit short-circuit and ground-fault protec-
tion and motor overload protection shall be permitted to be
combined in a single protective device where the rating or
setting of the device provides the overload protection speci-
fied in 430.32.

25 ft max.

Single Motor Tap for Group Installation

M

Tap conductor ampacity
at least ¹⁄₃ branch-circuit
ampacity

Main branch circuit

Controller with motor overload devices

Fuseless disconnecting means

Fuses and circuit breakers are not permitted to be sized as
Exhibit 430.13 An example of the permissible omission of motor overload protection according to the values of 430.32(C).
branch-circuit protective devices for tap conductors that have at Rather, fuses are only permitted to be sized as overload
least one-third the ampacity of the main conductors, are not over protection according to the values found in 430.32(A)(1),
25 ft long, and are protected from physical damage. 430.32(B)(1), and 430.32(D)(1).

Either a circuit breaker with inverse time characteristics
In both examples, the main branch-circuit fuses or cir- or a dual-element (time-delay) fuse may serve both as motor

overload protection and as the branch-circuit short-circuitcuit breakers would operate in the event of a short circuit,
and the overload protective device would operate to protect and ground-fault protection.

One-time, time-delay dual-element and Type S dual-the motor and tap conductors under overload conditions.
The tap conductors should never be of a smaller size element fuses and adapters are available with up to a 30-

ampere rating. Type S fuses are designed to prevent oversizeand ampacity than the branch-circuit conductors required by
430.22. That is, a tap conductor (25 ft or less) may be one- fusing. See 240.50 through 240.54 for more information

about these fuses and adapters.third the ampacity of the main branch-circuit conductor to
which it is connected; however, this ampacity must be equal Exhibits 430.14 and 430.15 are examples of time-delay,
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430.62Article 430 — Motors, Motor Circuits, and Controllers

used in larger sizes to provide only short-circuit and ground-
fault protection.

430.56 Branch-Circuit Protective Devices — In
Which Conductor
Branch-circuit protective devices shall comply with the pro-
visions of 240.20.

430.57 Size of Fuseholder
Where fuses are used for motor branch-circuit short-circuit
and ground-fault protection, the fuseholders shall not be
of a smaller size than required to accommodate the fuses
specified by Table 430.52.

Exception: Where fuses having time delay appropriate for
the starting characteristics of the motor are used, it shall
be permitted to use fuseholders sized to fit the fuses that are

Exhibit 430.14 Fusetron cartridge-type fuses. (Redrawn cour- used.
tesy of Bussmann Division, Cooper Industries)

The use of dual-element (time-delay) fuses makes it possible
to use smaller fuses, thereby providing better protection
because of the smaller fuses’ lower ratings. Dual-element
fuses also save in installation cost by allowing smaller-size
switches and panels, and they allow for easier arrangement
of equipment where space is at a premium at motor control
centers.

430.58 Rating of Circuit Breaker
A circuit breaker for motor branch-circuit short-circuit and
ground-fault protection shall have a current rating in accor-
dance with 430.52 and 430.110.

V. Motor Feeder Short-Circuit and
Ground-Fault Protection

430.61 General
Part V specifies protective devices intended to protect feeder

Exhibit 430.15 A Class R dual-element fuse with physical rejec- conductors supplying motors against overcurrents due to
tion feature to prevent interchangeability. (Redrawn courtesy of

short circuits or grounds.Bussmann Division, Cooper Industries)

FPN: See Annex D, Example D8.
cartridge-type dual-element fuses that are able to withstand
the normal motor starting current if sized at or near the motor 430.62 Rating or Setting — Motor Load
full-load rating but that open when subjected to prolonged

(A) Specific Load A feeder supplying a specific fixedoverload or blow quickly during a short circuit or ground
motor load(s) and consisting of conductor sizes based onfault. The dual-element characteristics are the thermal cutout
430.24 shall be provided with a protective device having aelement, which permits harmless high-inrush currents to
rating or setting not greater than the largest rating or settingflow for short periods (but which would open the circuit
of the branch-circuit short-circuit and ground-fault protec-during a prolonged period), and the fuse link element, which
tive device for any motor supplied by the feeder [based onhas current-limiting ability for short-circuit currents (and
the maximum permitted value for the specific type of awhich would blow quickly). Dual-element fuses may be
protective device in accordance with 430.52, or 440.22(A)
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430.63 Article 430 — Motors, Motor Circuits, and Controllers

required, then the size of the overcurrent device for thefor hermetic refrigerant motor-compressors], plus the sum
of the full-load currents of the other motors of the group. feeder is based on the size of the feeder conductors.

Exception No. 2 to 430.62(A) correlates the require-Where the same rating or setting of the branch-circuit
short-circuit and ground-fault protective device is used on ments of 430.62(B) for determining feeder short-circuit

ground-fault protection with the requirements of 430.94 cov-two or more of the branch circuits supplied by the feeder,
one of the protective devices shall be considered the largest ering overcurrent protection for motor-control centers.

Where the motor feeder short-circuit ground-fault protectivefor the above calculations.
device is also the overcurrent protective device for a motor
control center, its rating cannot exceed that allowed forThe rating of a motor feeder short-circuit ground-fault pro-
protecting the common power bus of the motor controltective device is determined by adding the rating of the
center.largest branch-circuit short-circuit ground-fault protective

device for any motor supplied by the feeder to the sum of
the full-load currents of all of the other motors supplied by

430.63 Rating or Setting — Power andthat feeder. The largest branch-circuit short-circuit ground-
Lighting Loadsfault protective device is based on 430.52 and Table 430.52.
Where a feeder supplies a motor load and, in addition, aThe largest rating can be based on either of the exceptions to
lighting or a lighting and appliance load, the feeder protective430.52(C)(1). For the purposes of sizing the feeder protective
device shall have a rating sufficient to carry the lighting ordevice, it is assumed that the same type of protective device
lighting and appliance load, plus the following:is being used for the feeder and the branch circuits. This is

necessary if the feeder protective device and the largest
(1) For a single motor, the rating permitted by 430.52

branch-circuit protective device are different types, for ex-
(2) For a single hermetic refrigerant motor-compressor, the

ample, one is a fuse and the other is a circuit breaker.
rating permitted by 440.22

Section 430.62(A) recognizes the lower setting for
(3) For two or more motors, the rating permitted by 430.62

motor overload devices that is required for hermetic refriger-
ant motor-compressors. Exception: Where the feeder overcurrent device provides

the overcurrent protection for a motor control center, the
provisions of 430.94 shall apply.

Exception No. 1: Where one or more instantaneous trip
circuit breakers or motor short-circuit protectors are used See commentary following 430.62(A) Exception No. 2.
for motor branch-circuit short-circuit and ground-fault pro-
tection as permitted in 430.52(C), the procedure provided
above for determining the maximum rating of the feeder VI. Motor Control Circuits
protective device shall apply with the following provision:

430.71 GeneralFor the purpose of the calculation, each instantaneous trip
Part VI contains modifications of the general requirementscircuit breaker or motor short-circuit protector shall be as-
and applies to the particular conditions of motor controlsumed to have a rating not exceeding the maximum percent-
circuits.age of motor full-load current permitted by Table 430.52

for the type of feeder protective device employed. FPN: See 430.9(B) for equipment device terminal re-
quirements.Exception No. 2: Where the feeder overcurrent protective

device also provides overcurrent protection for a motor con-
trol center, the provisions of 430.94 shall apply. 430.72 Overcurrent Protection

(A) General A motor control circuit tapped from the loadFPN: See Annex D, Example D8.
side of a motor branch-circuit short-circuit and ground-fault
protective device(s) and functioning to control the motor(s)(B) Other Installations Where feeder conductors have an

ampacity greater than required by 430.24, the rating or set- connected to that branch circuit shall be protected against
overcurrent in accordance with 430.72. Such a tapped controlting of the feeder overcurrent protective device shall be

permitted to be based on the ampacity of the feeder circuit shall not be considered to be a branch circuit and
shall be permitted to be protected by either a supplementaryconductors.
or branch-circuit overcurrent protective device(s). A motor
control circuit other than such a tapped control circuit shallSection 430.62(B) explains how to size a motor feeder that
be protected against overcurrent in accordance with 725.23is larger than the minimum size required by the Code. If the
or the notes to Table 11(A) and Table 11(B) in Chapter 9,motor feeder conductors are sized larger than the minimum
as applicable.
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430.72Article 430 — Motors, Motor Circuits, and Controllers

(B) Conductor Protection The overcurrent protection for protection. Where the conductors do not extend beyond the
motor control equipment enclosure, the rating of the protec-conductors shall be provided as specified in 430.72(B)(1)

or (B)(2). tive device(s) shall not exceed the value specified in Column
B of Table 430.72(B). Where the conductors extend beyond

Exception No. 1: Where the opening of the control circuit
the motor control equipment enclosure, the rating of the

would create a hazard as, for example, the control circuit
protective device(s) shall not exceed the value specified in

of a fire pump motor, and the like, conductors of control
Column C of Table 430.72(B).

circuits shall require only short-circuit and ground-fault pro-
tection and shall be permitted to be protected by the motor (C) Control Circuit Transformer Where a motor control
branch-circuit short-circuit and ground-fault protective de- circuit transformer is provided, the transformer shall be pro-
vice(s). tected in accordance with 430.72(C)(1), (C)(2), (C)(3),

(C)(4), or (C)(5).Exception No. 2: Conductors supplied by the secondary side
of a single-phase transformer having only a two-wire (single-

Exception: Overcurrent protection shall be omitted where
voltage) secondary shall be permitted to be protected by

the opening of the control circuit would create a hazard as,
overcurrent protection provided on the primary (supply) side

for example, the control circuit of a fire pump motor and
of the transformer, provided this protection does not exceed

the like.
the value determined by multiplying the appropriate maxi-
mum rating of the overcurrent device for the secondary (1) Compliance with Article 725 Where the transformer
conductor from Table 430.72(B) by the secondary-to- supplies a Class 1 power-limited circuit, Class 2, or Class
primary voltage ratio. Transformer secondary conductors 3 remote-control circuit conforming with the requirements
(other than two-wire) shall not be considered to be protected of Article 725, protection shall comply with Article 725.
by the primary overcurrent protection.

(2) Compliance with Article 450 Protection shall be per-
(1) Separate Overcurrent Protection Where the motor mitted to be provided in accordance with 450.3.
branch-circuit short-circuit and ground-fault protective de-

(3) Less Than 50 Volt-Amperes Control circuit transform-vice does not provide protection in accordance with
ers rated less than 50 volt-amperes (VA) and that are an430.72(B)(2), separate overcurrent protection shall be pro-
integral part of the motor controller and located within thevided. The overcurrent protection shall not exceed the values
motor controller enclosure shall be permitted to be protectedspecified in Column A of Table 430.72(B).
by primary overcurrent devices, impedance limiting means,

(2) Branch-Circuit Overcurrent Protective Device Con- or other inherent protective means.
ductors shall be permitted to be protected by the motor
branch-circuit short-circuit and ground-fault protective de- (4) Primary Less Than 2 Amperes Where the control cir-

cuit transformer rated primary current is less than 2 amperes,vice and shall require only short-circuit and ground-fault

Table 430.72(B) Maximum Rating of Overcurrent Protective Device in Amperes

Protection Provided by Motor Branch-Circuit Protective Device(s)

Column A Column B Column C
Separate Protection Conductors Within Conductors Extend Beyond

Provided Enclosure Enclosure

Control Circuit Aluminum or Aluminum or Aluminum or
Conductor Size Copper-Clad Copper-Clad Copper-Clad

(AWG) Copper Aluminum Copper Aluminum Copper Aluminum

18 7 — 25 — 7 —
16 10 — 40 — 10 —
14 (Note 1) — 100 — 45 —
12 (Note 1) (Note 1) 120 100 60 45
10 (Note 1) (Note 1) 160 140 90 75

Larger than 10 (Note 1) (Note 1) (Note 2) (Note 2) (Note 3) (Note 3)

Notes:
1. Value specified in 310.15 as applicable.
2. 400 percent of value specified in Table 310.17 for 60�C conductors.
3. 300 percent of value specified in Table 310.16 for 60�C conductors.
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430.73 Article 430 — Motors, Motor Circuits, and Controllers

erty), conductors must be installed in a raceway. Wherean overcurrent device rated or set at not more than 500
percent of the rated primary current shall be permitted in boilers or furnaces are equipped with an automatic safety

control device, damage to the conductors of the low-voltagethe primary circuit.
control circuit (for example, a thermostat) does not constitute

(5) Other Means Protection shall be permitted to be pro- a hazard (see Article 725, Part III).
vided by other approved means. The second paragraph of 430.73 requires that if one

side of the motor control circuit is grounded, the circuit must
Motor control circuits are allowed to receive their power be arranged so that an accidental ground in the remote control
either from the load side of the motor short-circuit and device will not start the motor. For example, see the control
ground-fault protective device or from a separate source, wiring illustrated in Exhibit 430.16. If the control circuit is
such as a panelboard. a 120-volt, single-phase circuit derived from a 208-volt, 3-

Motor control circuits that receive their power from a phase wye system supplying the motor, one side of the
separate source are protected against overcurrent in accor- control circuit will be the grounded neutral. If the start button
dance with 725.23 for Class 1 circuits. Conductor sizes 14 of the motor control circuit is in the grounded neutral, a
AWG and larger are protected according to their ampacity ground fault on the coil side of the start button can short-
listed in Table 310.16 through Table 310.20. Conductor sizes circuit the start circuit and start the motor. The same condi-
16 and 18 AWG must be protected at not more than 10 and tion exists if the ground fault is in the wiring rather than in
7 amperes, respectively, as specified in Table 430.72(B). the control device itself. This hazardous condition can be

If a motor control circuit is tapped from the load side alleviated by locating the start button in the ungrounded side
of the motor branch-circuit short-circuit and ground-fault for the control circuit as shown in Exhibit 430.17.
protective device, the size of the tapped conductor and the Combinations of ground faults in motor and motor con-
rating of the overcurrent device are based on whether the trol circuits can also result in inadvertent motor starting. If
conductor stays within the motor control enclosure or leaves the circuit is ungrounded, the first fault may go undetected.
it. The load on a motor control circuit is similar to a motor One solution is to use double-pole control devices, with one
branch-circuit load in that there is a predetermined connected pole in each of the two control lines.
load. There is also an initial high inrush of current, until the
armature of the relay is seated and the current decreases to
a steady state. Therefore, the overcurrent protection is similar 430.74 Disconnection
to the short-circuit and ground-fault protection provided for (A) General Motor control circuits shall be arranged so
a motor and is allowed to be greater than the ampacity of that they will be disconnected from all sources of supply
the control circuit conductor. when the disconnecting means is in the open position. The

disconnecting means shall be permitted to consist of two or
more separate devices, one of which disconnects the motor430.73 Mechanical Protection of Conductor
and the controller from the source(s) of power supply for

Where damage to a motor control circuit would constitute the motor, and the other(s), the motor control circuit(s) from
a hazard, all conductors of such a remote motor control its power supply. Where separate devices are used, they shall
circuit that are outside the control device itself shall be be located immediately adjacent to each other.
installed in a raceway or be otherwise suitably protected
from physical damage. Exception No. 1: Where more than 12 motor control circuit

conductors are required to be disconnected, the discon-Where one side of the motor control circuit is grounded,
the motor control circuit shall be arranged so that an acciden- necting means shall be permitted to be located other than

immediately adjacent to each other where all of the followingtal ground in the control circuit remote from the motor
controller will (1) not start the motor and (2) not bypass conditions are complied with:
manually operated shutdown devices or automatic safety

(a) Access to energized parts is limited to qualifiedshutdown devices.
persons in accordance with Part XI of this article.

(b) A warning sign is permanently located on the out-If damage to the motor control circuit conductors would
side of each equipment enclosure door or cover permittingconstitute a fire or accident hazard, then physical protection
access to the live parts in the motor control circuit(s), warn-of the motor control circuit conductors is extremely im-
ing that motor control circuit disconnecting means are re-portant. If damage to the control circuit conductors could
motely located and specifying the location and identificationresult in an accidental ground fault or short circuit, causing
of each disconnect. Where energized parts are not in anthe device to operate or rendering the device inoperative
equipment enclosure as permitted by 430.132 and 430.133,(either condition constituting a hazard to persons or prop-
an additional warning sign(s) shall be located where visible
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430.82Article 430 — Motors, Motor Circuits, and Controllers

M

120/208 V

C

Stop Start

Grounded

neutral

Incorrect

A ground fault here
can start the motor.

M

120/208 V

C

StopStart

Grounded

neutral

Correct

Exhibit 430.16 An example of control wiring in violation of 430.73, paragraph 2 (incorrect, left),
and in compliance with 430.73, paragraph 2 (correct, right). (For simplification, motor overload
elements and disconnecting means are not shown.)

to persons who may be working in the area of the energized like, the branch-circuit protective device shall be permitted
to serve as the controller.parts.

Exception No. 2: The motor control circuit disconnecting
(B) Portable Motor of 1⁄3 Horsepower or Less For a por-

means shall be permitted to be remote from the motor con-
table motor rated at 1⁄3 hp or less, the controller shall be

troller power supply disconnecting means where the opening
permitted to be an attachment plug and receptacle.

of one or more motor control circuit disconnect means may
result in potentially unsafe conditions for personnel or prop-

430.82 Controller Designerty and the conditions of items (a) and (b) of Exception
(A) Starting and Stopping Each controller shall be capa-No. 1 are complied with.
ble of starting and stopping the motor it controls and shall

(B) Control Transformer in Controller Enclosure be capable of interrupting the locked-rotor current of the
Where a transformer or other device is used to obtain a motor.
reduced voltage for the motor control circuit and is located
in the controller enclosure, such transformer or other device (B) Autotransformer An autotransformer starter shall pro-
shall be connected to the load side of the disconnecting vide an ‘‘off’’ position, a running position, and at least one
means for the motor control circuit. starting position. It shall be designed so that it cannot rest

in the starting position or in any position that will render
VII. Motor Controllers the overload device in the circuit inoperative.

430.81 General (C) Rheostats Rheostats shall be in compliance with the
Part VII is intended to require suitable controllers for all following:
motors.

(1) Motor-starting rheostats shall be designed so that the
contact arm cannot be left on intermediate segments.(A) Stationary Motor of 1⁄8 Horsepower or Less For a

stationary motor rated at 1⁄8 hp or less that is normally left The point or plate on which the arm rests when in the
starting position shall have no electrical connection withrunning and is constructed so that it cannot be damaged by

overload or failure to start, such as clock motors and the the resistor.
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430.83 Article 430 — Motors, Motor Circuits, and Controllers

Exhibit 430.17 An example of
control wiring using a 480/120-
volt control power transformer.
(The upper control circuit is not
in compliance with 430.73,
paragraph 2.)

M

M

M

OL

OL

Overloads

480/120-V control
power transformer

L1

L1

H1

X1 X2

Stop
Start

H2
H4

H3

L2

L2

L3

L3

M

480 V

Start 
Stop 

M

M

Correct

Incorrect

A ground fault
here can start
the motor.

(2) Circuit Breaker A branch-circuit inverse time circuit(2) Motor-starting rheostats for dc motors operated from a
constant voltage supply shall be equipped with auto- breaker rated in amperes shall be permitted as a controller

for all motors. Where this circuit breaker is also used formatic devices that will interrupt the supply before the
speed of the motor has fallen to less than one-third its overload protection, it shall conform to the appropriate pro-

visions of this article governing overload protection.normal rate.

(3) Molded Case Switch A molded case switch rated in430.83 Ratings
amperes shall be permitted as a controller for all motors.The controller shall have a rating as specified in 430.83(A),

unless otherwise permitted in 430.83(B) or 430.83(C), or as
specified in 430.83(D), under the conditions specified. A molded case switch has the same frame appearance as a

molded case circuit breaker and is designed to fit in circuit(A) General
breaker enclosures. However, where the device is marked

(1) Horsepower Ratings Controllers, other than inverse with only a short-circuit current withstand rating, this rating
time circuit breakers and molded case switches, shall have indicates that the switch does not provide overcurrent protec-
horsepower ratings at the application voltage not lower than tion. Those fused molded case switches that do provide
the horsepower rating of the motor.
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430.87Article 430 — Motors, Motor Circuits, and Controllers

430.84 Need Not Open All Conductorsovercurrent protection are marked with a short-circuit cur-
rent interrupting rating. Both fused and unfused molded case The controller shall not be required to open all conductors
switches can be used in motor circuits. to the motor.

Molded case switches are permitted as motor discon-
Exception: Where the controller serves also as a discon-necting means per 430.109. In general, molded case switches
necting means, it shall open all ungrounded conductors toare rated only in amperes and, where used in a motor circuit,
the motor as provided in 430.111.must be sized at 115 percent of the motor full-load current

rating. There are disconnecting means assemblies employing
molded case switches that are marked with horsepower rat- A controller that does not also serve as a disconnecting
ings that can be used instead of the ampere rating of the means must open only as many motor circuit conductors as
molded case switch. may be necessary to stop the motor, that is, one conductor

for a dc or single-phase motor circuit, two conductors for a
3-phase motor circuit, and three conductors for a 2-phase

(B) Small Motors Devices as specified in 430.81(A) and motor circuit.
430.81(B) shall be permitted as a controller.

(C) Stationary Motors of 2 Horsepower or Less For sta- 430.85 In Grounded Conductors
tionary motors rated at 2 hp or less and 300 volts or less, One pole of the controller shall be permitted to be placed in
the controller shall be permitted to be either of the following: a permanently grounded conductor, provided the controller is

designed so that the pole in the grounded conductor cannot(1) A general-use switch having an ampere rating not less
be opened without simultaneously opening all conductorsthan twice the full-load current rating of the motor
of the circuit.(2) On ac circuits, a general-use snap switch suitable only

for use on ac (not general-use ac–dc snap switches)
Generally, one conductor of a 120-volt circuit is grounded,where the motor full-load current rating is not more
and a single-pole device must be connected in the un-than 80 percent of the ampere rating of the switch
grounded conductor to serve as a controller. A 2-pole control-

(D) Torque Motors For torque motors, the controller shall ler is permitted for such a circuit, where both conductors
have a continuous-duty, full-load current rating not less than (grounded and ungrounded) are opened simultaneously. The
the nameplate current rating of the motor. For a motor con- same requirement can be applied to other circuits, such as
troller rated in horsepower but not marked with the foregoing 240-volt, 3-wire circuits with one conductor grounded.
current rating, the equivalent current rating shall be deter-
mined from the horsepower rating by using Tables 430.147,

430.87 Number of Motors Served by430.148, 430.149, or 430.150.
Each Controller

(E) Voltage Rating A controller with a straight voltage Each motor shall be provided with an individual controller.
rating, for example, 240 volts or 480 volts, shall be permitted

Exception: For motors rated 600 volts or less, a singleto be applied in a circuit in which the nominal voltage
controller rated at not less than the equivalent horsepower,between any two conductors does not exceed the controller’s
as determined in accordance with 430.110(C)(1), of all thevoltage rating. A controller with a slash rating, for example,
motors in the group shall be permitted to serve the group240/120 volts or 480Y/277 volts, shall only be applied in a
under any of the following conditions:solidly grounded circuit in which the nominal voltage to

ground from any conductor does not exceed the lower of
(a) Where a number of motors drive several parts of a

the two values of the controller’s voltage rating and the
singlemachineorpieceofapparatus, suchasmetalandwood-

nominal voltage between any two conductors does not ex-
working machines, cranes, hoists, and similar apparatus

ceed the higher value of the controller’s voltage rating.
(b) Where a group of motors is under the protection of

one overcurrent device as permitted in 430.53(A)
Section 430.83(E) requires that controllers identified with

(c) Where a group of motors is located in a single roomslash voltage ratings, such as 120/240-volt and 480/277-volt
within sight from the controller locationgrounded systems, are allowed to be used only on electrical

systems in which the nominal voltage to ground does not
exceed the lower voltage rating of the controller, and the The conditions stated in the exception to 430.87 are similar

to those specified in the exception to 430.112, which permitnominal voltage between any two phases of the electrical
system is not greater than the higher value of the controller the use of a single disconnecting means for a group of

motors.voltage rating.
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430.88 Article 430 — Motors, Motor Circuits, and Controllers

machine or a remotely located overspeed device, which may430.88 Adjustable-Speed Motors
be set at a predetermined speed to operate a set of contactsAdjustable-speed motors that are controlled by means of
and thereby trip a circuit breaker and de-energize the machine.field regulation shall be equipped and connected so that they

cannot be started under a weakened field.

Exception: Starting under a weakened field shall be permit- 430.90 Combination Fuseholder and
ted where the motor is designed for such starting. Switch as Controller

The rating of a combination fuseholder and switch used as
The torque and speed of a motor depend on the amount of a motor controller shall be such that the fuseholder will
current passing through the armature. This current is a func- accommodate the size of the fuse specified in Part III of
tion of shunt field strength and rpm of the armature. A this article for motor overload protection.
reduction of the shunt field magnetic flux causes a reduction

Exception: Where fuses having time delay appropriate forof the counterelectromotive force in the armature, resulting
the starting characteristics of the motor are used, fusehold-in an increase in armature current, thereby increasing torque
ers of smaller size than specified in Part III of this articleand thus increasing speed.
shall be permitted.Because of excessive armature starting currents, field-

regulated, adjustable-speed motors are not permitted to be
started under a weakened field condition unless some means Time-delay (dual-element) fuses can be used for both motor
is provided to limit the speed to within safe limits. overload and branch-circuit short-circuit and ground-fault

protection and can be sized in accordance with 430.32. See
also 430.36, 430.55, and 430.57 for other requirements re-430.89 Speed Limitation
garding fuses and fuseholders.

Machines of the following types shall be provided with
speed-limiting devices or other speed-limiting means:

430.91 Motor Controller Enclosure Types(1) Separately excited dc motors
Table 430.91 provides the basis for selecting enclosures for(2) Series motors
use in specific locations other than hazardous (classified)(3) Motor-generators and converters that can be driven at
locations. The enclosures are not intended to protect againstexcessive speed from the dc end, as by a reversal of
conditions such as condensation, icing, corrosion, or contam-current or decrease in load
ination that may occur within the enclosure or enter via theException: Separate speed-limiting devices or means shall
conduit or unsealed openings. These internal conditions shallnot be required under either of the following conditions:
require special consideration by the installer and user.

(1) Where the inherent characteristics of the machines, the
system, or the load and the mechanical connection See the commentary following the definition of enclosure
thereto are such as to safely limit the speed in Article 100. Enclosure type numbers are described in

(2) Where the machine is always under the manual control greater detail in industry standards such as ANSI/NEMA
of a qualified operator ICS6, Industrial Control and Systems: Enclosures; NEMA

250-2003, Enclosures for Electrical Equipment (1000 Volts
It is still fairly common for dc motors to be used where Maximum); UL 508, Standard for Industrial Control Equip-
speed control is essential, such as in the case of electric ment and in controller manufacturers’ literature. For other
railways and elevators, where a smooth start, controlled than general-use Type 1 enclosures, the type number must
acceleration, and a smooth stop are necessary. be marked on the motor-controller enclosure.

If the load is removed from a series motor when it is
running, the speed of the motor will increase until it is

VIII. Motor Control Centersdangerously high. To produce the necessary counterelectro-
motive force with a weakened field, the armature must turn 430.92 General
correspondingly faster. Series motors are commonly used as

Part VIII covers motor control centers installed for the con-gear-drive traction motors of electric locomotives and, thus,
trol of motors, lighting, and power circuits.are continuously loaded.

Separately excited dc motors, series motors, and motor
(compound-wound dc) generators and (synchronous) con- Part VIII of Article 430 provides requirements for the instal-

lation of motor control centers. These requirements coververters must be provided with speed-limiting devices (note
exceptions), such as a centrifugal device on the shaft of the subjects that include overcurrent protection use as service
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430.92Article 430 — Motors, Motor Circuits, and Controllers

Table 430.91 Motor Controller Enclosure Selection

For Outdoor Use

Provides a Degree of Enclosure Type Number1

Protection Against the
Following Environmental

Conditions 3 3R 3S 3X 3RX 3SX 4 4X 6 6P

Incidental contact with the X X X X X X X X X X
enclosed equipment

Rain, snow, and sleet X X X X X X X X X X
Sleet2 — — X — — X — — — —
Windblown dust X — X X — X X X X X
Hosedown — — — — — — X X X X
Corrosive agents — — — X X X — X — X
Temporary submersion — — — — — — — — X X
Prolonged submersion — — — — — — — — — X

For Indoor Use

Provides a Degree of Enclosure Type Number1

Protection Against the
Following Environmental

Conditions 1 2 4 4X 5 6 6P 12 12K 13

Incidental contact with the X X X X X X X X X X
enclosed equipment

Falling dirt X X X X X X X X X X
Falling liquids and light — X X X X X X X X X

splashing
Circulating dust, lint, fibers, and — — X X — X X X X X

flyings
Settling airborne dust, lint, — — X X X X X X X X

fibers, and flyings
Hosedown and splashing water — — X X — X X — — —
Oil and coolant seepage — — — — — — — X X X
Oil or coolant spraying and — — — — — — — — — X

splashing
Corrosive agents — — — X — — X — — —
Temporary submersion — — — — — X X — — —
Prolonged submersion — — — — — — X — — —

1Enclosure type number shall be marked on the motor controller enclosure.
2Mechanism shall be operable when ice covered.

FPN: The term raintight is typically used in conjunction The term driptight is typically used in conjunction with
with Enclosure Types 3, 3S, 3SX, 3X, 4, 4X, 6, 6P. Enclosure Types 2, 5, 12, 12K, 13. The term dusttight
The term rainproof is typically used in conjunction with is typically used in conjunction with Enclosure Types 3,
Enclosure Type 3R, 3RX. The term watertight is typically 3S, 3SX, 3X, 5, 12, 12K, 13.
used in conjunction with Enclosure Types 4, 4X, 6, 6P.

Motor control centers are made up of a number of motorequipment, grounding, and construction. In addition to Part
VIII, 430.1, FPN No. 1, refers to installation requirements starters, controls, and disconnect switches assembled in one

large enclosure. Motor control centers are allowed to befor motor control centers contained in 110.26(F). The re-
quirements of 110.26(F) specify dedicated space for a motor used as service equipment if provided with a single main

disconnecting means. A second service disconnectingcontrol center and physical protection from mechanical sys-
tems that might leak or otherwise adversely affect a motor means, however, is permitted in the motor control center if

it is provided to serve other loads.control center.
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430.94 Article 430 — Motors, Motor Circuits, and Controllers

Access and working space clearances as well as dedi- Equipment grounding conductors shall terminate on this
grounding bus or to a grounding termination point providedcated space requirements of 110.26 are applicable to motor

control centers. in a single-section motor control center.

430.97 Busbars and Conductors
430.94 Overcurrent Protection (A) Support and Arrangement Busbars shall be protected
Motor control centers shall be provided with overcurrent from physical damage and be held firmly in place. Other
protection in accordance with Parts I, II, and IX of Article than for required interconnections and control wiring, only
240. The ampere rating or setting of the overcurrent protec- those conductors that are intended for termination in a verti-
tive device shall not exceed the rating of the common power cal section shall be located in that section.
bus. This protection shall be provided by (1) an overcurrent

Exception: Conductors shall be permitted to travel horizon-protective device located ahead of the motor control center
tally through vertical sections where such conductors areor (2) a main overcurrent protective device located within
isolated from the busbars by a barrier.the motor control center.
(B) Phase Arrangement The phase arrangement on 3-
phase horizontal common power and vertical buses shall beThe overcurrent protection cannot exceed the rating of the
A, B, C from front to back, top to bottom, or left to right,common power bus of a motor control center. It is permitted
as viewed from the front of the motor control center. Theto use an overcurrent protective device with a rating less
B phase shall be that phase having the higher voltage tothan the common power bus, provided it is of sufficient size
ground on 3-phase, 4-wire, delta-connected systems. Otherto carry the load determined in accordance with Part II of
busbar arrangements shall be permitted for additions to ex-Article 430.
isting installations and shall be marked.

Exception: Rear-mounted units connected to a vertical bus430.95 Service-Entrance Equipment
that is common to front-mounted units shall be permitted to

Where used as service equipment, each motor control center have a C, B, A phase arrangement where properly identified.
shall be provided with a single main disconnecting means

(C) Minimum Wire-Bending Space The minimum wire-to disconnect all ungrounded service conductors.
bending space at the motor control center terminals and

Exception: A second service disconnect shall be permitted minimum gutter space shall be as required in Article 312.
to supply additional equipment.

(D) Spacings Spacings between motor control center bus
Where a grounded conductor is provided, the motor terminals and other bare metal parts shall not be less than

control center shall be provided with a main bonding jumper, specified in Table 430.97.
sized in accordance with 250.28(D), within one of the

(E) Barriers Barriers shall be placed in all service-entrancesections for connecting the grounded conductor, on its supply
motor control centers to isolate service busbars and terminalsside, to the motor control center equipment ground bus.
from the remainder of the motor control center.

Exception: High-impedance grounded neutral systems shall
430.98 Markingbe permitted to be connected as provided in 250.36.

(A) Motor Control Centers Motor control centers shall
430.96 Grounding be marked according to 110.21, and such marking shall be

plainly visible after installation. Marking shall also includeMultisection motor control centers shall be bonded together
with an equipment grounding conductor or an equivalent common power bus current rating and motor control center

short-circuit rating.grounding bus sized in accordance with Table 250.122.

Table 430.97 Minimum Spacing Between Bare Metal Parts

Opposite Polarity
Where Mounted on the Opposite Polarity Where

Same Surface Held Free in Air Live Parts to Ground

Nominal Voltage mm in. mm in. mm in.

Not over 125 volts, nominal 19.1 3⁄4 12.7 1⁄2 12.7 1⁄2
Not over 250 volts, nominal 31.8 11⁄4 19.1 3⁄4 12.7 1⁄2
Not over 600 volts, nominal 50.8 2 25.4 1 25.4 1
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430.102Article 430 — Motors, Motor Circuits, and Controllers

(B) Motor A disconnecting means shall be located in sight(B) Motor Control Units Motor control units in a motor
control center shall comply with 430.8. from the motor location and the driven machinery location.

Exception: The disconnecting means shall not be requiredIX. Disconnecting Means
to be in sight from the motor and the driven machinery

430.101 General location under either condition (a) or (b), provided the dis-
connecting means required in accordance with 430.102(A)Part IX is intended to require disconnecting means capable
is individually capable of being locked in the open position.of disconnecting motors and controllers from the circuit.
The provision for locking or adding a lock to the discon-FPN No. 1: See Figure 430.1.
necting means shall be installed on or at the switch or circuitFPN No. 2: See 110.22 for identification of discon-
breaker used as the disconnecting means and shall remainnecting means.
in place with or without the lock installed.

430.102 Location
(a) Where such a location of the disconnecting means(A) Controller An individual disconnecting means shall

is impracticable or introduces additional or increased haz-
be provided for each controller and shall disconnect the

ards to persons or property
controller. The disconnecting means shall be located in sight

(b) In industrial installations, with written safety proce-from the controller location.
dures, where conditions of maintenance and supervision
ensure that only qualified persons service the equipment

The installation shown in Exhibit 430.18 is an example of
FPN No. 1: Some examples of increased or additionalcompliance with the main requirement of 430.102(A).
hazards include, but are not limited to, motors rated in
excess of 100 hp, multimotor equipment, submersible
motors, motors associated with adjustable speed drives,
and motors located in hazardous (classified) locations.
FPN No. 2: For information on lockout/tagout proce-
dures, see NFPA 70E-2004, Standard for Electrical
Safety in the Workplace.

The main rules of 430.102(A) and 430.102(B) require that
the disconnecting means be in sight of the controller, the
motor location, and the driven-machinery location. For mo-
tors over 600 volts, the controller disconnecting means may
be out of sight of the controller, as illustrated in Exhibit
430.19, provided that the controller has a warning label

Exhibit 430.18 The disconnecting means for each controller,
which must be within sight of the controller location. (Courtesy
of International Association of Electrical Inspectors)

Exception No. 1: For motor circuits over 600 volts, nominal,
a controller disconnecting means capable of being locked
in the open position shall be permitted to be out of sight
of the controller, provided the controller is marked with
a warning label giving the location of the disconnecting
means.
Exception No. 2: A single disconnecting means shall be
permitted for a group of coordinated controllers that drive

Second floor

First floor

Controller

4160-V motor

Warning label giving
location of disconnecting
means

Disconnecting
means capable
of being locked
in open position

ATTENTION
Disconnect M-7

Located
First Floor

ATTENTION
Disconnect M-7

Located
First Floor

M-7

several parts of a single machine or piece of apparatus.
The disconnecting means shall be located in sight from

Exhibit 430.19 A motor installation over 600 volts, where the
the controllers, and both the disconnecting means and the motor controller is not located within sight of its disconnecting
controllers shall be located in sight from the machine or means.
apparatus.
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430.103 Article 430 — Motors, Motor Circuits, and Controllers

indicating the location and identification of the discon-
necting means, which must be capable of being locked in
the open position.

A single disconnecting means may be located adjacent
to a group of coordinated controllers, as illustrated in Exhibit
430.20, where the controllers are mounted on a multimotor
continuous process machine.

The exception to 430.102(B) was revised for the 2002
Code. The disconnecting means may only be out of sight
of the motor, as illustrated in Exhibit 430.21, if the discon-
necting means complying with 430.102(A) is individually
capable of being locked in the open position and meets the
criteria of either (a) or (b) in the exception. If locating the
disconnecting means close to the motor location and driven
machinery is impracticable due to the type of machinery,

Second floor

First floor

Motor rated over
100 hp

Controller
Disconnecting means capable
of being locked in open position

the type of facility, the lack of space for locating large
equipment such as disconnecting means rated over 600 volts,

Exhibit 430.21 A controller disconnecting means that is out ofor any increased hazard to persons or property, then the
sight of the motor.disconnecting means is permitted to be located remotely.

Industrial facilities that comply with OSHA, CFR 1910.147,
of the disconnect and a permanent component of the switch

The Control of Hazardous Energy (Lockout/Tagout), are per-
or circuit breaker.

mitted to have the disconnecting means located remotely.
Fine Print Note No. 2 points out an important consider-

Section 430.102 clearly requires that individual discon-
ation and reference standard for employee safety in the work-

nect switches or circuit breakers must be capable of being
place. NFPA 70E-2004, Standard for Electrical Safety in

locked in the open position. Disconnect switches or circuit
the Workplace, 120.2(A), requires in part that ‘‘All electrical

breakers that are only located behind the locked door of a
circuit conductors and circuit parts shall not be considered

panelboard or located within locked rooms do not comply
to be in an electrically safe condition until all sources of

with the requirements of 430.102. The provision for locking
energy are removed, the disconnecting means is under lock-

or attaching a lock to the disconnecting means must be part
out/tagout, [and] the absence of voltage is verified by an
approved voltage testing device.’’ Further, it states, ‘‘Lock-
out/tagout requirements shall apply to fixed permanently
installed equipment, to temporarily installed equipment, and
to portable equipment.’’ The principles and procedures set
forth in NFPA 70E establish strict work rules requiring lock-
ing off and tagging out of disconnect switches.

The disconnecting means required in accordance with
430.102(A) shall be permitted to serve as the disconnecting
means for the motor if it is located in sight from the motor
location and the driven machinery location.

430.103 Operation
The disconnecting means shall open all ungrounded supply
conductors and shall be designed so that no pole can be
operated independently. The disconnecting means shall be
permitted in the same enclosure with the controller.

FPN: See 430.113 for equipment receiving energy from
more than one source.

Single disconnecting means located
adjacent to a group of coordinated controllers

Multiple motors on a single
machine or apparatus

Coordinated
motor
controllers

The Code requires that a switch, circuit breaker, or otherExhibit 430.20 A single disconnecting means located adjacent
device serve as a disconnecting means for both the controllerto a group of coordinated controllers mounted on a multimotor

continuous process machine. and the motor, thereby providing safety during maintenance
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430.109Article 430 — Motors, Motor Circuits, and Controllers

and inspection shutdown periods. The disconnecting means
also disconnects the controller; therefore, it cannot be a
part of the controller. However, separate disconnects and
controllers may be mounted on the same panel or contained
in the same enclosure, such as combination fused-switch,
magnetic-starter units.

Depending on the size of the motor and other conditions,
the type of disconnecting means required may be a motor
circuit switch, a circuit breaker, a general-use switch, an
isolating switch, an attachment plug and receptacle, or a
branch-circuit short-circuit and ground-fault protective de-
vice, as specified in 430.109.

If a motor is stalled or under heavy overload and the
motor controller fails to properly open the circuit, the discon-
necting means, which must be rated to interrupt locked-rotor
current, can be used to open the circuit. For motors larger
than 100 hp ac or 40 hp dc, the disconnecting means is, in
accordance with 430.109(E), permitted to be a general-use

Exhibit 430.22 Heavy-duty safety switches, UL-listed for use on
or an isolating switch where plainly marked ‘‘Do not operate systemsupto200,000amperes, faultcurrent rmssymmetricalwith
under load.’’ Class J or Class R fuses installed. (Courtesy of Square D Co.)

(A) General430.104 To Be Indicating
(1) Motor Circuit Switch A listed motor-circuit switchThe disconnecting means shall plainly indicate whether it
rated in horsepower.is in the open (off) or closed (on) position.
(2) Molded Case Circuit Breaker A listed molded case
circuit breaker.430.105 Grounded Conductors
(3) Molded Case Switch A listed molded case switch.One pole of the disconnecting means shall be permitted to

disconnect a permanently grounded conductor, provided the (4) Instantaneous Trip Circuit Breaker An instantaneous
disconnecting means is designed so that the pole in the trip circuit breaker that is part of a listed combination motor
grounded conductor cannot be opened without simultane- controller.
ously disconnecting all conductors of the circuit.

(5) Self-Protected Combination Controller Listed self-
protected combination controller.430.107 Readily Accessible
(6) Manual Motor Controller Listed manual motor con-At least one of the disconnecting means shall be readily
trollers additionally marked ‘‘Suitable as Motor Disconnect’’accessible.
shall be permitted as a disconnecting means where installed
between the final motor branch-circuit short-circuit protec-

430.108 Every Disconnecting Means tive device and the motor. Listed manual motor controllers
Every disconnecting means in the motor circuit between the additionally marked ‘‘Suitable as Motor Disconnect’’ shall
point of attachment to the feeder and the point of connection be permitted as disconnecting means on the line side of
to the motor shall comply with the requirements of 430.109 the fuses permitted in 430.52(C)(5). In this case, the fuses
and 430.110. permitted in 430.52(C)(5) shall be considered supplementary

fuses, and suitable branch-circuit short-circuit and ground-
fault protective devices shall be installed on the line side ofExhibit 430.22 represents an example of a listed disconnect
the manual motor controller additionally marked ‘‘Suitableswitch rated in horsepower meeting the requirements of
as Motor Disconnect.’’430.109 and 430.110.

(7) System Isolation Equipment System isolation equip-
ment shall be listed for disconnection purposes. System iso-

430.109 Type lation equipment shall be installed on the load side of the
overcurrent protection and its disconnecting means. The dis-The disconnecting means shall be a type specified in

430.109(A), unless otherwise permitted in 430.109(B) connecting means shall be one of the types permitted by
430.109(A)(1) through (A)(3).through 430.109(G), under the conditions specified.
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430.109 Article 430 — Motors, Motor Circuits, and Controllers

actuation of the remote lockout switch. If any portion of theThe impetus for development of system isolation equipment
safety system cannot be verified for proper operation, the safe(SIE) comes from today’s large and often complex machines
condition indicator light will not illuminate at the remote lock-where repeated operation of disconnecting means for mainte-
out station. As part of the standard operating procedure, thenance or servicing is inherent to the process and the risk of
failure to receive the safe condition signal has to be consideredinjury to personnel is increased due to moving parts and
by personnel as an indication of an unsafe condition.multiple points of entry. The safety for personnel servicing

Among the critical safety elements that are provided bythis equipment includes detailed lock-out, tag-out protocols
the control panel for the isolation system is the diversityfor all sources of mechanical and electrical energy.
and redundancy that is integrated into the safe conditionSystem isolation equipment helps simplify electrical
verification logic. Another element is reducing the possibil-lock-out, tag-out procedures and can also be used as a means
ity of externally induced failure modes through the electricalto isolate other energy sources such as pneumatic energy.
isolation of the internal safety related control circuits andIn accordance with its definition in 430.2, system isolation
the physical isolation of the equipment’s internal compo-equipment is ‘‘a redundantly monitored, remotely operated,
nents. The control panel modules are sealed as are the circuitscontactor-isolating system, packaged to provide the discon-
between the SIE component enclosures in order to discour-nection/isolation function.’’ This type of equipment was first
age tampering that could compromise the safe operation ofintroduced in 5.5.4 in the 2002 edition of NFPA 79, Electri-
the equipment and endanger personnel. Where the systemcal Standard for Industrial Machinery, as a means to discon-
includes multiple lockout stations, the controlled equipmentnect and isolate separately operable parts of a large industrial
cannot be re-energized until all of the lockout switches aremachine. With its inclusion in 430.109 as a permitted type
returned to the on position. Nominal configurations of theof disconnecting means, there is now recognition in the Code
SIE include provisions to prevent power from unexpectedlyfor use of this disconnection/isolation system in applications
reaching the machine upon the restoration of power fromthat do not fall within the scope of the industrial machinery
the utility source; all lockout switches must be in the closedstandard.
or on position while at least one lockout switch must haveUnlike other disconnecting means recognized by
been in the off or open position or placed in the off or open430.109(A) where the operation of the disconnecting means
position (and then moved to the on or closed position afterdirectly opens the supply circuit at that specific location,
the utility power had been restored) in order to re-energizesystem isolation equipment employs a lockable control cir-
the machine.cuit switch(es) (lockout switch) and a verification indication

The system isolation equipment is required to be listedat the disconnecting means location (lockout station), and
for disconnection purposes and must be installed on the loadoperation of the lockout switch causes power components
side of overcurrent protection and either a motor circuitsuch as a monitored magnetic contactor to open and isolate
switch, a molded case circuit breaker, or a molded casethe electrical equipment associated with the machine from
switch. UL 60947-4-20, Standard for Low-voltageits power supply circuit. The system isolation equipment is
Switchgear and Controlgear — Part 4-20: Contactors andclassified according to its intended application with parame-
Motor Starters-Equipment used for System Isolation andters that include the load characteristics, the method used
Rated as a Single Unit, is the standard used for evaluationto monitor the controlled load side power circuit, the number
of this equipment. This standard includes requirements andand maximum distance to the farthest lockout station, and
tests for the SIE power circuits to confirm the normal loadthe available control interface functions.
and overload making and breaking capacities, rated condi-In a typical configuration, the contactor is located in the
tional short-circuit current for coordination with short-circuitsystem power and control panel and may control power to the
devices and dielectric with stand and leakage current as wellentire machine or to portions of a large machine. The control
as mechanical durability tests.equipment may be provided in several options for configura-

tion that can used to distribute lockout stations in single or
multiplexed radial schemes according to the application. (B) Stationary Motors of 1⁄8 Horsepower or Less For sta-

Once an electrically safe condition is achieved (includ- tionary motors of 1⁄8 hp or less, the branch-circuit overcurrent
ing discharge of any residual energy), verification of such device shall be permitted to serve as the disconnecting
condition is provided at the remote lock-out station through means.
the use of an indicator light. In equipment that uses lockable (C) Stationary Motors of 2 Horsepower or Less For sta-
guarding, the same verification signal could also be used as

tionary motors rated at 2 hp or less and 300 volts or less,
part of the guard access system.

the disconnecting means shall be permitted to be one of the
In contrast to a simple start/stop station and control

devices specified in (1), (2), or (3):
circuit operating a magnetic contactor, the control panel for

(1) A general-use switch having an ampere rating not lessthis system provides a sophisticated level of monitoring upon
than twice the full-load current rating of the motor
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430.109Article 430 — Motors, Motor Circuits, and Controllers

(2) On ac circuits, a general-use snap switch suitable only
for use on ac (not general-use ac–dc snap switches)
where the motor full-load current rating is not more
than 80 percent of the ampere rating of the switch

(3) A listed manual motor controller having a horsepower
rating not less than the rating of the motor and marked
‘‘Suitable as Motor Disconnect’’

(D) Autotransformer-Type Controlled Motors For mo-
tors of over 2 hp to and including 100 hp, the separate
disconnecting means required for a motor with an autotrans-
former-type controller shall be permitted to be a general-
use switch where all of the following provisions are met:

(1) The motor drives a generator that is provided with over-
load protection.

(2) The controller is capable of interrupting the locked-
rotor current of the motors, is provided with a no voltage

Stationary motor 
1/8 hp or less

Disconnecting means: 
branch-circuit fuse or 
circuit breaker

release, and is provided with running overload protec-
Exhibit 430.23 A branch-circuit overcurrent device serving astion not exceeding 125 percent of the motor full-load
the disconnecting means for a stationary motor of 1⁄8 hp or lesscurrent rating.
according to 430.109(B).(3) Separate fuses or an inverse time circuit breaker rated

or set at not more than 150 percent of the motor full-
load current are provided in the motor branch circuit.

(E) Isolating Switches For stationary motors rated at more
than 40 hp dc or 100 hp ac, the disconnecting means shall
be permitted to be a general-use or isolating switch where
plainly marked ‘‘Do not operate under load.’’

(F) Cord-and-Plug-Connected Motors For a cord-and-
plug-connected motor, a horsepower-rated attachment plug
and receptacle having ratings no less than the motor ratings
shall be permitted to serve as the disconnecting means. A
horsepower-rated attachment plug and receptacle shall not
be required for a cord-and-plug-connected appliance in ac-
cordance with 422.32, a room air conditioner in accordance
with 440.63, or a portable motor rated 1⁄3 hp or less.

Section 430.109 requires the disconnecting means to be a
motor circuit switch, a circuit breaker, or a molded-case

Controller, including
motor overload
protective device

Stationary motor
2 hp or less and
300 V or less

Disconnecting
means: general-use
snap switch

Start Stop

switch (nonautomatic circuit interrupter). A motor circuit
switch is a horsepower-rated switch capable of interrupting Exhibit 430.24 A general-use snap switch having an ampere
the maximum overload current of a motor (see the definition rating not less than twice the motor full-load current serving as

the disconnecting means for a stationary motor rated at 2 hp orof switch, motor-circuit in Article 100). A molded-case switch
less and at 300 volts or less according to 430.109(C).(nonautomatic circuit interrupter) is a circuit-breaker-like de-

vice without the overcurrent element and automatic-trip
should be noted that marking within the enclosure usuallymechanism. It is rated in amperes and is suitable for use as a

motor circuit disconnect based on its ampere rating, as is a permits a dual horsepower rating. The standard horsepower
rating is based on the largest non-time-delay (non-dual-ele-circuit breaker. The disconnecting means must be listed.

Exhibits 430.23, 430.24, 430.25, and 430.26 illustrate ment) fuse rating that can be used in the switch and that
will permit the motor to start. The maximum horsepowervarious methods of providing motor disconnecting means

as permitted by 430.109(B), 430.109(C), 430.109(E), and rating is based on the largest rated time-delay (dual-element)
fuse that can be used in the switch and that will permit the430.109(F), respectively.

Where horsepower-rated fused switches are required, it motor to start. Thus, where time-delay fuses are used,
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430.110 Article 430 — Motors, Motor Circuits, and Controllers

not less than 115 percent of the full-load current rating of
the motor.

Exception: A listed nonfused motor-circuit switch having a
horsepower rating not less than the motor horsepower shall
be permitted to have an ampere rating less than 115 percent
of the full-load current rating of the motor.

(B) For Torque Motors Disconnecting means for a torque
motor shall have an ampere rating of at least 115 percent
of the motor nameplate current.

(C) For Combination Loads Where two or more motors
are used together or where one or more motors are used in
combination with other loads, such as resistance heaters,
and where the combined load may be simultaneous on a
single disconnecting means, the ampere and horsepower

Controller, including
motor overload
protective device

Stationary motor
greater than 40 hp
dc or 100 hp ac

Disconnecting
means: general-use
or isolating switch

Do not
operate
under
load

ratings of the combined load shall be determined as follows.

(1) Horsepower Rating The rating of the disconnectingExhibit 430.25 A general-use or an isolating switch serving as
means shall be determined from the sum of all currents,the disconnecting means for a stationary motor rated at more

than 40 hp dc or 100 hp ac according to 430.109(E). including resistance loads, at the full-load condition and also
at the locked-rotor condition. The combined full-load current
and the combined locked-rotor current so obtained shall be
considered as a single motor for the purpose of this require-
ment as follows.

The full-load current equivalent to the horsepower rating
of each motor shall be selected from Tables 430.247,
430.248, 430.249, or 430.250. These full-load currents shall
be added to the rating in amperes of other loads to obtain
an equivalent full-load current for the combined load.

The locked-rotor current equivalent to the horsepower
rating of each motor shall be selected from Tables
430.251(A) or 430.251(B). The locked-rotor currents shall
be added to the rating in amperes of other loads to obtain
an equivalent locked-rotor current for the combined load.
Where two or more motors or other loads cannot be started
simultaneously, the largest sum of locked rotor currents of
a motor or group of motors that can be started simultaneously

Portable
motor

To mains

Disconnecting
means: attachment
plug and receptacle

and the full load currents of other concurrent loads shall be
permitted to be used to determine the equivalent locked-

Exhibit 430.26 An attachment plug and receptacle of the proper
rotor current for the simultaneous combined loads.rating serving as the disconnecting means for a certain cord-

and-plug-connected motor according to 430.109(F). Exception: Where part of the concurrent load is resistance
load, and where the disconnecting means is a switch rated
in horsepower and amperes, the switch used shall be permit-

smaller-size switches and fuseholders can be used (see ted to have a horsepower rating that is not less than the
430.57, Exception). combined load of the motor(s), if the ampere rating of the

switch is not less than the locked-rotor current of the motor(s)
plus the resistance load.(G) Torque Motors For torque motors, the disconnecting

means shall be permitted to be a general-use switch. (2) Ampere Rating The ampere rating of the disconnecting
means shall not be less than 115 percent of the sum of all
currents at the full-load condition determined in accordance430.110 Ampere Rating and
with 430.110(C)(1).Interrupting Capacity
Exception: A listed nonfused motor-circuit switch having a(A) General The disconnecting means for motor circuits

rated 600 volts, nominal, or less shall have an ampere rating horsepower rating equal to or greater than the equivalent
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430.111Article 430 — Motors, Motor Circuits, and Controllers

means is 61.3 amperes (1.15 � 53.3 amperes � 61.3 am-horsepower of the combined loads, determined in accor-
dance with 430.110(C)(1), shall be permitted to have an peres). Using Table 430.251(B) to obtain an equivalent

horsepower from a locked-rotor current rating, the closestampere rating less than 115 percent of the sum of all currents
at the full-load condition. value equal to or greater than 220.1 amperes under the 230-

volt column is 232 amperes, which equates to 15 hp.(3) Small Motors For small motors not covered by Tables
A 15-hp general-purpose or heavy-duty switch satisfies430.247, 430.248, 430.249, or 430.250, the locked-rotor

the minimum horsepower requirement but fails to satisfy thecurrent shall be assumed to be six times the full-load current.
minimum current requirement of 61.3 amperes. Therefore,
the next larger size disconnect switch must be used, which in

A general-use switch, circuit breaker, molded-case switch horsepower rating is 20 hp. This is because the lockedrotor
(nonautomatic circuit interrupter), or attachment plug and current for a 20-hp, 3-phase, 230-volt motor is 290 amperes
receptacle used as a disconnecting means must have an (over the needed 220.1 amperes) and the full-load current
ampere rating of not less than 115 percent of the motor full- is 54 amperes (over the full-load rating of 53.3 amperes).
load current. Listed circuit breakers and molded-case switches are

Following is an example of how to determine the size tested under overload conditions at six times their rating, to
of a disconnect for a combination load. cover motor circuit applications, and are suitable for use as

Example a motor disconnecting means.

Assume the load consists of one 5-hp, one 3-hp, and two
1⁄2-hp motors, plus a 10-kilowatt heater, all rated 240 volts, 430.111 Switch or Circuit Breaker as Both
3-phase. All motors are Design B motors. The full-load and Controller and Disconnecting Means
locked-rotor current equivalents are calculated, using the

A switch or circuit breaker shall be permitted to be used as
appropriate tables, as follows:

both the controller and disconnecting means if it complies
Calculation of Equivalent Full-Load Current Rating with 430.111(A) and is one of the types specified in

430.111(B).
Motor or Other Load Table Amperes

(A) General The switch or circuit breaker complies with
the requirements for controllers specified in 430.83, opens5-hp motor 430.250 15.2
all ungrounded conductors to the motor, and is protected by3-hp motor 430.250 9.6

1⁄2-hp motor 430.250 2.2 an overcurrent device in each ungrounded conductor (which
1⁄2-hp motor 430.250 2.2 shall be permitted to be the branch-circuit fuses). The over-

10-kW heater 24.1 current device protecting the controller shall be permitted
10 � 1000 to be part of the controller assembly or shall be permitted

(240 � 1.732) to be separate. An autotransformer-type controller shall be
Total 53.3 provided with a separate disconnecting means.

(B) Type The device shall be one of the types specified in
Calculation of Equivalent Locked-Rotor Current Rating 430.111(B)(1), (B)(2), or (B)(3).

(1) Air-Break Switch An air-break switch, operable di-
Motor or Other Load Table Amperes

rectly by applying the hand to a lever or handle.

5-hp motor 430.251(B) 92 (2) Inverse Time Circuit Breaker An inverse time circuit
3-hp motor 430.251(B) 64 breaker operable directly by applying the hand to a lever or
1⁄2-hp motor 430.251(B) 20

handle. The circuit breaker shall be permitted to be both1⁄2-hp motor 430.251(B) 20
power and manually operable.10-kW heater 24.1

10 � 1000 (3) Oil Switch An oil switch used on a circuit whose rating
does not exceed 600 volts or 100 amperes, or by special(240 � 1.732)

Total 220.1 permission on a circuit exceeding this capacity where under
expert supervision. The oil switch shall be permitted to be
both power and manually operable.Solution

The disconnecting means for a motor must have an ampere
rating that is not less than 115 percent and also have a If used as a controller, a switch or circuit breaker must

meet all the requirements for controllers and be protectedhorsepower rating that is not less than the combined load.
Therefore, the minimum ampere rating of the disconnecting by branch-circuit short-circuit and ground-fault protective
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430.112 Article 430 — Motors, Motor Circuits, and Controllers

than 125 volts but not more than 600 volts. The motors mustdevices (fuses or a circuit breaker), which ensure that all
ungrounded conductors will be opened. be rated 1 hp or less, and the full-load current for each motor

is not permitted to exceed 6 amperes. A single disconnectingIf the controller consists of a manually operable air-
break switch, an inverse time circuit breaker, or a 100- means is both practical and economical for a group of such

small motors.ampere maximum oil switch (higher rating by special
permission), the controller is considered a satisfactory discon- Part (c) of the exception to 430.112 covers the common

situation in which a group of motors is located in one room,necting means. It is the intent of 430.111 to permit omission
of an additional device to serve as a disconnecting means. such as a pump room, compressor room, mixer room, and

so on. It is therefore possible to design the layout of a singleNote that a separate disconnecting means must be pro-
vided if the controller is of the autotransformer or compensa- disconnecting means with an unobstructed view (not more

than 50 ft) from each motor.tor type. (This switch may be combined in the same enclosure
with a motor overload protective device.) These conditions for an individual disconnecting means

are similar to those specified in 430.87, which permits the
use of a single controller for a group of motors.430.112 Motors Served by Single

Disconnecting Means
430.113 Energy from More Than One SourceEach motor shall be provided with an individual discon-
Motor and motor-operated equipment receiving electricalnecting means.
energy from more than one source shall be provided withException: A single disconnecting means shall be permitted
disconnecting means from each source of electrical energyto serve a group of motors under any one of the conditions
immediately adjacent to the equipment served. Each sourceof (a), (b), and (c). The single disconnecting means shall
shall be permitted to have a separate disconnecting means.be rated in accordance with 430.110(C) .
Where multiple disconnecting means are provided, a perma-

(a) Where a number of motors drive several parts of a nent warning sign shall be provided on or adjacent to each
single machine or piece of apparatus, such as metal- and disconnecting means.
woodworking machines, cranes, and hoists.

Exception No. 1: Where a motor receives electrical energy
(b) Where a group of motors is under the protection of from more than one source, the disconnecting means for the

one set of branch-circuit protective devices as permitted by main power supply to the motor shall not be required to be
430.53(A). immediately adjacent to the motor, provided the controller

(c) Where a group of motors is in a single room within disconnecting means is capable of being locked in the open
sight from the location of the disconnecting means. position.

Exception No. 2: A separate disconnecting means shall not
The exception to 430.112 permits a single disconnecting be required for a Class 2 remote-control circuit conforming
means to serve a group of motors. The disconnecting means with Article 725, rated not more than 30 volts, and isolated
must have a rating equal to the sum of the horsepower or and ungrounded.
current of each motor in the group. If the sum is over 2 hp,
a motor circuit switch (horsepower-rated) must be used; Certain motors may require multiple separate sources of
thus, for five 2-hp motors, the disconnecting means should power to operate properly. For example, large synchronous
be a motor circuit switch rated at not less than 10 hp. motors commonly receive electrical energy from more than

Part (a) of the exception to 430.112 indicates that a one source. Section 430.113 could apply as well to control
single disconnecting means may be used where a number circuits that supply power to sensors mounted within or
of motors drive several parts of a single machine, such as otherwise attached to the motor or the driven machine. Ex-
cranes (see 610.31 through 610.33), metal or woodworking ception No. 2 to 430.113 relieves the user from the discon-
machines, steel rolling mill machinery, and so on. The single nect requirement only for Class 2 circuits.
disconnecting means for multimotor machinery provides a Where there are multiple disconnecting means for the
positive means of simultaneously de-energizing all motor individual sources, a permanent warning sign is required to
branch circuits, including remote control circuits, inter- warn the user that other power sources are present.
locking circuits, limit-switch circuits, and operator control
stations.

Part (b) of the exception to 430.112 refers to 430.53(A), X. Adjustable-Speed Drive Systems
which permits a group of motors under the protection of the 430.120 General
same branch-circuit device, provided the device is rated not

The installation provisions of Part I through Part IX aremore than 20 amperes at 125 volts or 15 amperes at more
applicable unless modified or supplemented by Part X.
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430.221Article 430 — Motors, Motor Circuits, and Controllers

(C) Multiple Motor Applications For multiple motor ap-A new Part X was developed for the 2005 Code to address
plication, individual motor overload protection shall be pro-adjustable-speed drive systems. Existing Parts X, XI, XII,
vided in accordance with Article 430, Part III.and XIII were renumbered XI, XII, XIII, and XIV respec-

tively, and the sections within these parts were changed from 430.126 Motor Overtemperature Protection
the 100 series to the 200 series.

(A) General Adjustable speed drive systems shall protectAdjustable-speed drives are used extensively in com-
against motor overtemperature conditions. Overtemperaturemercial, institutional, and industrial motor applications, and
protection is in addition to the conductor protection requiredthe new Part X was established to consolidate requirements
in 430.32. Protection shall be provided by one of the follow-that are unique to these drives. However, Part I through Part
ing means.IX must be followed unless modified or supplemented in
(1) Motor thermal protector in accordance with 430.32Part X. The new text provides rules regarding methods of
(2) Adjustable speed drive controller with load and speed-overtemperature protection in motors. This is a critical area,

sensitive overload protection and thermal memory re-because motors operating at reduced speed do not provide
tention upon shutdown or power lossadequate air circulation over windings from a fan integral

(3) Overtemperature protection relay utilizing thermal sen-with the motor. An overload device that actuates on current
sors embedded in the motor and meeting the require-in excess of full-load amperes will not operate because the
ments of 430.32(A)(2) or (B)(2)operating current at slower speeds is reduced. A thermal-

(4) Thermal sensor embedded in the motor that is receivedsensing device integral with the motor will sense a tempera-
and acted upon by an adjustable speed driveture rise in the motor windings.

(B) Motors with Cooling Systems Motors that utilize ex-
ternal forced air or liquid cooling systems shall be providedFPN: Electrical resonance can result from the interaction
with protection that shall be continuously enabled or enabledof the nonsinusoidal currents from this type of load with

power factor correction capacitors. automatically if the cooling system fails.

FPN: Protection against cooling system failure can take430.122 Conductors — Minimum Size
many forms. Some examples of protection against inoper-

and Ampacity ative or failed cooling systems are direct sensing of the
motor temperature as described in 430.32(A)(1), (A)(3),(A) Branch/Feeder Circuit Conductors Circuit conduc-
and (A)(4) or sensing of the presence or absence of thetors supplying power conversion equipment included as part
cooling media (flow or pressure sensing).

of an adjustable-speed drive system shall have an ampacity
(C) Multiple Motor Applications For multiple motor ap-not less than 125 percent of the rated input to the power
plication, individual motor overtemperature protection shallconversion equipment.
be provided.

(B) Bypass Device For an adjustable speed drive system
FPN: The relationship between motor current and motorthat utilizes a bypass device, the conductor ampacity shall temperature changes when the motor is operated by an

not be less than required by 430.6. The ampacity of circuit adjustable speed drive. When operated at reduced speed,
conductors supplying power conversion equipment included overheating of motors may occur at current levels less

than or equal to a motor’s rated full load current. Thisas part of an adjustable-speed drive system that utilizes a
is the result of reduced motor cooling when its shaft-bypass device shall be the larger of either of the following:
mounted fan is operating less than rated nameplate RPM.

(1) 125 percent of the rated input to the power conversion
(D) Automatic Restarting and Orderly Shutdown Theequipment
provisions of 430.43 and 430.44 shall apply to the motor(2) 125 percent of the motor full-load current rating as
overtemperature protection means.determined by 430.6

430.128 Disconnecting Means430.124 Overload Protection
The disconnecting means shall be permitted to be in the

Overload protection of the motor shall be provided.
incoming line to the conversion equipment and shall have

(A) Included in Power Conversion Equipment Where a rating not less than 115 percent of the rated input current
the power conversion equipment is marked to indicate that of the conversion unit.
motor overload protection is included, additional overload

XI. Over 600 Volts, Nominalprotection shall not be required.

430.221 General(B) Bypass Circuits For adjustable speed drive systems
that utilize a bypass device to allow motor operation at rated Part XI recognizes the additional hazard due to the use of

higher voltages. It adds to or amends the other provisionsfull load speed, motor overload protection as described in
Article 430, Part III, shall be provided in the bypass circuit. of this article.
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430.222 Article 430 — Motors, Motor Circuits, and Controllers

(a) A circuit breaker of suitable type and rating arranged430.222 Marking on Controllers
so that it can be serviced without hazard. The circuit breakerIn addition to the marking required by 430.8, a controller
shall simultaneously disconnect all ungrounded conductors.shall be marked with the control voltage.
The circuit breaker shall be permitted to sense the fault
current by means of integral or external sensing elements.430.223 Conductor Enclosures Adjacent

(b) Fuses of a suitable type and rating placed in eachto Motors
ungrounded conductor. Fuses shall be used with suitable

Flexible metal conduit or liquidtight flexible metal conduit
disconnecting means, or they shall be of a type that can also

not exceeding 1.8 m (6 ft) in length shall be permitted to
serve as the disconnecting means. They shall be arranged

be employed for raceway connection to a motor terminal
so that they cannot be serviced while they are energized.

enclosure.

(2) Reclosing Fault-current interrupting devices shall not
430.224 Size of Conductors automatically reclose the circuit.
Conductors supplying motors shall have an ampacity not

Exception: Automatic reclosing of a circuit shall be permit-
less than the current at which the motor overload protective

ted where the circuit is exposed to transient faults and where
device(s) is selected to trip.

such automatic reclosing does not create a hazard to persons.

430.225 Motor-Circuit Overcurrent Protection (3) Combination Protection Overload protection and
fault-current protection shall be permitted to be provided by(A) General Each motor circuit shall include coordinated
the same device.protection to automatically interrupt overload and fault cur-

rents in the motor, the motor-circuit conductors, and the
motor control apparatus. 430.226 Rating of Motor Control Apparatus

The ultimate trip current of overcurrent (overload) relays orException: Where a motor is vital to operation of the plant
other motor-protective devices used shall not exceed 115and the motor should operate to failure if necessary to
percent of the controller’s continuous current rating. Whereprevent a greater hazard to persons, the sensing device(s)
the motor branch-circuit disconnecting means is separateshall be permitted to be connected to a supervised annuncia-
from the controller, the disconnecting means current ratingtor or alarm instead of interrupting the motor circuit.
shall not be less than the ultimate trip setting of the overcur-

(B) Overload Protection rent relays in the circuit.

(1) Type of Overload Device Each motor shall be pro-
430.227 Disconnecting Meanstected against dangerous heating due to motor overloads and

failure to start by a thermal protector integral with the motor The controller disconnecting means shall be capable of being
or external current-sensing devices, or both. locked in the open position.

(2) Wound-Rotor AC Motors The secondary circuits of XII. Protection of Live Parts —wound-rotor ac motors, including conductors, controllers,
All Voltagesand resistors rated for the application, shall be considered

as protected against overcurrent by the motor overload pro- 430.231 General
tection means.

Part XII specifies that live parts shall be protected in a
manner judged adequate for the hazard involved.(3) Operation Operation of the overload interrupting de-

vice shall simultaneously disconnect all ungrounded conduc-
tors. 430.232 Where Required

Exposed live parts of motors and controllers operating at
(4) Automatic Reset Overload sensing devices shall not

50 volts or more between terminals shall be guarded against
automatically reset after trip unless resetting of the overload

accidental contact by enclosure or by location as follows:
sensing device does not cause automatic restarting of the
motor or there is no hazard to persons created by automatic (1) By installation in a room or enclosure that is accessible
restarting of the motor and its connected machinery. only to qualified persons

(2) By installation on a suitable balcony, gallery, or plat-
(C) Fault-Current Protection form, elevated and arranged so as to exclude unqualified

persons(1) Type of Protection Fault-current protection shall be
provided in each motor circuit by one of the following means. (3) By elevation 2.5 m (8 ft) or more above the floor
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430.245Article 430 — Motors, Motor Circuits, and Controllers

Exception: Live parts of motors operating at more than 50 430.243 Portable Motors
volts between terminals shall not require additional guarding The frames of portable motors that operate at over 150 volts
for stationary motors that have commutators, collectors, and to ground shall be guarded or grounded.
brush rigging located inside of motor-end brackets and not

FPN No. 1: See 250.114(4) for grounding of portableconductively connected to supply circuits operating at more
appliances in other than residential occupancies.than 150 volts to ground.
FPN No. 2: See 250.119(C) for color of equipment
grounding conductor.

430.233 Guards for Attendants
Where live parts of motors or controllers operating at over 430.244 Controllers
150 volts to ground are guarded against accidental contact Controller enclosures shall be grounded regardless of volt-
only by location as specified in 430.232, and where adjust- age. Controller enclosures shall have means for attachment
ment or other attendance may be necessary during the opera- of an equipment grounding conductor termination in accor-
tion of the apparatus, suitable insulating mats or platforms dance with 250.8.
shall be provided so that the attendant cannot readily touch

Exception: Enclosures attached to ungrounded portablelive parts unless standing on the mats or platforms.
equipment shall not be required to be grounded.

FPN: For working space, see 110.26 and 110.34.

430.245 Method of Grounding
XIII. Grounding — All Voltages Where required, grounding shall be done in the manner

specified in Part VI of Article 250.430.241 General
Part XIII specifies the grounding of exposed non–current- (A) Grounding Through Terminal Housings Where the
carrying metal parts, likely to become energized, of motor wiring to fixed motors is metal-enclosed cable or in metal
and controller frames to prevent a voltage above ground in raceways, junction boxes to house motor terminals shall be
the event of accidental contact between energized parts and provided, and the armor of the cable or the metal raceways
frames. Insulation, isolation, or guarding are suitable alterna- shall be connected to them in the manner specified in Article
tives to grounding of motors under certain conditions. 250.

FPN: See 430.12(E) for equipment grounding connec-430.242 Stationary Motors tion means required at motor terminal housings.
The frames of stationary motors shall be grounded under

(B) Separation of Junction Box from Motor The junctionany of the following conditions:
box required by 430.245(A) shall be permitted to be sepa-
rated from the motor by not more than 1.8 m (6 ft), providedAny motor in a wet location and subject to contact by person-
the leads to the motor are stranded conductors within Typenel constitutes a serious hazard and, unless it is isolated,
AC cable, interlocked metal tape Type MC cable whereelevated, or guarded from reach, must be grounded.
listed and identified in accordance with 250.118(10)(a), orStationary motors are usually supplied by wiring that
armored cord or are stranded leads enclosed in liquidtightis enclosed in metal raceways, flexible metal conduit, or
flexible metal conduit, flexible metal conduit, intermediatecables with metal sheaths. When effectively attached to the
metal conduit, rigid metal conduit, or electrical metallicmotor junction box or frame, the metal raceway or cable
tubing not smaller than metric designator 12 (trade size 3⁄8),armor serves as the equipment grounding conductor. See
the armor or raceway being connected both to the motor250.118 for more information on types of equipment ground-
and to the box.ing conductors.

Liquidtight flexible nonmetallic conduit and rigid non-
metallic conduit shall be permitted to enclose the leads to
the motor, provided the leads are stranded and the required(1) Where supplied by metal-enclosed wiring
equipment grounding conductor is connected to both the(2) Where in a wet location and not isolated or guarded
motor and to the box.(3) If in a hazardous (classified) location as covered in

Where stranded leads are used, protected as specifiedArticles 500 through 517
above, each strand within the conductor shall be not larger(4) If the motor operates with any terminal at over 150
than 10 AWG and shall comply with other requirements ofvolts to ground
this Code for conductors to be used in raceways.

Where the frame of the motor is not grounded, it shall (C) Grounding of Controller-Mounted Devices Instru-
ment transformer secondaries and exposed non–current-be permanently and effectively insulated from the ground.
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430.245 Article 430 — Motors, Motor Circuits, and Controllers

Table 430.248 Full-Load Currents in Amperes, Single-Phasecarrying metal or other conductive parts or cases of instru-
Alternating-Current Motorsment transformers, meters, instruments, and relays shall be
The following values of full-load currents are for motors running

grounded as specified in 250.170 through 250.178. at usual speeds and motors with normal torque characteristics. The
voltages listed are rated motor voltages. The currents listed shall
be permitted for system voltage ranges of 110 to 120 and 220 toMost motors are subject to vibration, and good wiring prac-
240 volts.tice requires that, in nearly all cases, the wiring to motors

that are fixed be installed with a short section (not more Horsepower 115 Volts 200 Volts 208 Volts 230 Volts
than 6 ft) of liquidtight flexible metal or nonmetallic conduit
or of flexible metal conduit to the motor terminal housing. 1⁄6 4.4 2.5 2.4 2.2

1⁄4 5.8 3.3 3.2 2.9Such use of flexible conduit requires an equipment ground-
1⁄3 7.2 4.1 4.0 3.6ing conductor.
1⁄2 9.8 5.6 5.4 4.9
3⁄4 13.8 7.9 7.6 6.9

1 16 9.2 8.8 8.0
XIV. Tables 11⁄2 20 11.5 11.0 10

2 24 13.8 13.2 12
3 34 19.6 18.7 17Table 430.248 through Table 430.250 accurately reflect the
5 56 32.2 30.8 28

typical and most used 4-pole and 2-pole induction motors 71⁄2 80 46.0 44.0 40
in use. 10 100 57.5 55.0 50

Table 430.249 Full-Load Current, Two-Phase Alternating-
Current Motors (4-Wire)
The following values of full-load current are for motors running

Table 430.247 Full-Load Current in Amperes, at speeds usual for belted motors and motors with normal torque
Direct-Current Motors characteristics. Current in the common conductor of a 2-phase,
The following values of full-load currents* are for motors running 3-wire system will be 1.41 times the value given. The voltages
at base speed. listed are rated motor voltages. The currents listed shall be permitted

for system voltage ranges of 110 to 120, 220 to 240, 440 to 480,
Armature Voltage Rating* and 550 to 600 volts.

90 120 180 240 500 550 Induction-Type Squirrel Cage and Wound
Horsepower Volts Volts Volts Volts Volts Volts Rotor (Amperes)

1⁄4 4.0 3.1 2.0 1.6 — — 115 230 460 575 2300
1⁄3 5.2 4.1 2.6 2.0 — — Horsepower Volts Volts Volts Volts Volts
1⁄2 6.8 5.4 3.4 2.7 — —
3⁄4 9.6 7.6 4.8 3.8 — — 1⁄2 4.0 2.0 1.0 0.8 —

1 12.2 9.5 6.1 4.7 — — 3⁄4 4.8 2.4 1.2 1.0 —
11⁄2 — 13.2 8.3 6.6 — — 1 6.4 3.2 1.6 1.3 —
2 — 17 10.8 8.5 — — 11⁄2 9.0 4.5 2.3 1.8 —
3 — 25 16 12.2 — — 2 11.8 5.9 3.0 2.4 —
5 — 40 27 20 — — 3 — 8.3 4.2 3.3 —
71⁄2 — 58 — 29 13.6 12.2 5 — 13.2 6.6 5.3 —

71⁄2 — 19 9.0 8.0 —
10 — 76 — 38 18 16
15 — — — 55 27 24 10 — 24 12 10 —
20 — — — 72 34 31 15 — 36 18 14 —
25 — — — 89 43 38 20 — 47 23 19 —
30 — — — 106 51 46 25 — 59 29 24 —
40 — — — 140 67 61 30 — 69 35 28 —

40 — 90 45 36 —
50 — — — 173 83 75
60 — — — 206 99 90 50 — 113 56 45 —
75 — — — 25 5 123 111 60 — 133 67 53 14

100 — — — 341 164 148 75 — 166 83 66 18
125 — — — 425 205 185 100 — 218 109 87 23
150 — — — 506 246 222 125 — 270 135 108 28
200 — — — 675 330 294 150 — 312 156 125 32

200 — 416 208 167 43
*These are average dc quantities.
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430.245Article 430 — Motors, Motor Circuits, and Controllers

Table 430.250 Full-Load Current, Three-Phase Alternating-Current Motors
The following values of full-load currents are typical for motors running at speeds usual for belted motors
and motors with normal torque characteristics.
The voltages listed are rated motor voltages. The currents listed shall be permitted for system voltage ranges
of 110 to 120, 220 to 240, 440 to 480, and 550 to 600 volts.

Synchronous-Type Unity Power Factor*
Induction-Type Squirrel Cage and Wound Rotor (Amperes) (Amperes)

Horsepower 115 Volts 200 Volts 208 Volts 230 Volts 460 Volts 575 Volts 2300 Volts 230 Volts 460 Volts 575 Volts 2300 Volts

1⁄2 4.4 2.5 2.4 2.2 1.1 0.9 — — — — —
3⁄4 6.4 3.7 3.5 3.2 1.6 1.3 — — — — —

1 8.4 4.8 4.6 4.2 2.1 1.7 — — — — —
11⁄2 12.0 6.9 6.6 6.0 3.0 2.4 — — — — —
2 13.6 7.8 7.5 6.8 3.4 2.7 — — — — —
3 — 11.0 10.6 9.6 4.8 3.9 — — — — —
5 — 17.5 16.7 15.2 7.6 6.1 — — — — —
71⁄2 — 25.3 24.2 22 11 9 — — — — —

10 — 32.2 30.8 28 14 11 — — — — —
15 — 48.3 46.2 42 21 17 — — — — —
20 — 62.1 59.4 54 27 22 — — — — —
25 — 78.2 74.8 68 34 27 — 53 26 21 —
30 — 92 88 80 40 32 — 63 32 26 —
40 — 120 114 104 52 41 — 83 41 33 —

50 — 150 143 130 65 52 — 104 52 42 —
60 — 177 169 154 77 62 16 123 61 49 12
75 — 221 211 192 96 77 20 155 78 62 15

100 — 285 273 248 124 99 26 202 101 81 20
125 — 359 343 312 156 125 31 253 126 101 25
150 — 414 396 360 180 144 37 302 151 121 30
200 552 528 480 240 192 49 400 201 161 40

250 — — — — 302 242 60 — — — —
300 — — — — 361 289 72 — — — —
350 — — — — 414 336 83 — — — —
400 — — — — 477 382 95 — — — —
450 — — — — 515 412 103 — — — —
500 — — — — 590 472 118 — — — —

*For 90 and 80 percent power factor, the figures shall be multiplied by 1.1 and 1.25, respectively.
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430.245 Article 430 — Motors, Motor Circuits, and Controllers

Table 430.251(A) Conversion Table of Single-Phase Locked-
Rotor Currents for Selection of Disconnecting Means and
Controllers as Determined from Horsepower and Voltage
Rating
For use only with 430.110, 440.12, 440.41, and 455.8(C).

Maximum Locked-Rotor Current in
Amperes, Single Phase

Rated
Horsepower 115 Volts 208 Volts 230 Volts

1⁄2 58.8 32.5 29.4
3⁄4 82.8 45.8 41.4

1 96 53 48
11⁄2 120 66 60
2 144 80 72
3 204 113 102
5 336 186 168
71⁄2 480 265 240

10 600 332 300

Table 430.251(B) Conversion Table of Polyphase Design B, C, and D Maximum Locked-Rotor Currents for Selection
of Disconnecting Means and Controllers as Determined from Horsepower and Voltage Rating and Design Letter
For use only with 430.110, 440.12, 440.41 and 455.8(C).

Maximum Motor Locked-Rotor Current in Amperes, Two- and Three-Phase, Design B, C, and D*

115 Volts 200 Volts 208 Volts 230 Volts 460 Volts 575 Volts
Rated

Horsepower B, C, D B, C, D B, C, D B, C, D B, C, D B, C, D

1⁄2 40 23 22.1 20 10 8
3⁄4 50 28.8 27.6 25 12.5 10
1 60 34.5 33 30 15 12
11⁄2 80 46 44 40 20 16
2 100 57.5 55 50 25 20
3 — 73.6 71 64 32 25.6
5 — 105.8 102 92 46 36.8
71⁄2 — 146 140 127 63.5 50.8

10 — 186.3 179 162 81 64.8
15 — 267 257 232 116 93
20 — 334 321 290 145 116
25 — 420 404 365 183 146
30 — 500 481 435 218 174
40 — 667 641 580 290 232

50 — 834 802 725 363 290
60 — 1001 962 870 435 348
75 — 1248 1200 1085 543 434

100 — 1668 1603 1450 725 580
125 — 2087 2007 1815 908 726
150 — 2496 2400 2170 1085 868
200 — 3335 3207 2900 1450 1160

250 — — — — 1825 1460
300 — — — — 2200 1760
350 — — — — 2550 2040
400 — — — — 2900 2320
450 — — — — 3250 2600
500 — — — — 3625 2900

*Design A motors are not limited to a maximum starting current or locked rotor current.
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430.245Article 440 — Air-Conditioning and Refrigerating Equipment

ARTICLE 440 440.13 Cord-Connected Equipment
440.14 LocationAir-Conditioning and

III. Branch-Circuit Short-Circuit and Ground-FaultRefrigerating Equipment
Protection

440.21 General
440.22 Application and SelectionSummary of Changes

(A) Rating or Setting for Individual Motor-• 440.4(B): Revised to require nameplate information to
Compressorinclude the short-circuit rating of motor controller or in-

(B) Rating or Setting for Equipmentdustrial control panel associated with air-conditioning and
(C) Protective Device Rating Not to Exceed therefrigerating equipment.

Manufacturer’s Values
• 440.14 Exception No. 1: Revised to require written safety IV. Branch-Circuit Conductors

procedures where disconnecting means is not within sight 440.31 General
of the ac equipment. 440.32 Single Motor-Compressor

• 440.32: Revised second paragraph to increase the per- 440.33 Motor-Compressor(s) With or Without
centage from 58 percent to 72 percent for sizing the cir- Additional Motor Loads
cuit conductors of a wye-delta-connected ac motor- 440.34 Combination Load
compressor. 440.35 Multimotor and Combination-Load Equipment

V. Controllers for Motor-Compressors
440.41 Rating

(A) Motor-Compressor Controller
Contents (B) Controller Serving More Than One Load

VI. Motor-Compressor and Branch-Circuit OverloadI. General
440.1 Scope Protection

440.51 General440.2 Definitions
440.3 Other Articles 440.52 Application and Selection

(A) Protection of Motor-Compressor(A) Article 430
(B) Article 422, 424, or 430 (B) Protection of Motor-Compressor Control

Apparatus and Branch-Circuit Conductors(C) Article 422
(D) Other Applicable Articles 440.53 Overload Relays

440.54 Motor-Compressors and Equipment on 15- or440.4 Marking on Hermetic Refrigerant Motor-
Compressors and Equipment 20-Amprere Branch Circuits — Not Cord-and-

Attachment-Plug-Connected(A) Hermetic Refrigerant Motor-Compressor
Nameplate (A) Overload Protection

(B) Time Delay(B) Multimotor and Combination-Load Equipment
(C) Branch-Circuit Selection Current 440.55 Cord-and-Attachment-Plug-Connected Motor-

Compressors and Equipment on 15- or 20-440.5 Marking on Controllers
440.6 Ampacity and Rating Ampere Branch Circuits

(A) Overload Protection(A) Hermetic Refrigerant Motor-Compressor
(B) Multimotor Equipment (B) Attachment Plug and Receptacle Rating

(C) Time Delay440.7 Highest Rated (Largest) Motor
440.8 Single Machine VII. Provisions for Room Air Conditioners

440.60 GeneralII. Disconnecting Means
440.11 General 440.61 Grounding

440.62 Branch-Circuit Requirements440.12 Rating and Interrupting Capacity
(A) Hermetic Refrigerant Motor-Compressor (A) Room Air Conditioner as a Single Motor Unit

(B) Where No Other Loads Are Supplied(B) Combination Loads
(C) Small Motor-Compressors (C) Where Lighting Units or Other Appliances Are

Also Supplied(D) Disconnecting Means
(E) Disconnecting Means Rated in Excess of 100 440.63 Disconnecting Means

440.64 Supply CordsHorsepower
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440.1 Article 440 — Air-Conditioning and Refrigerating Equipment

the motor-compressor is operated at the rated load, rated
440.65 Leakage Current Detection and Interruption voltage, and rated frequency of the equipment it serves.

(LCDI) and Arc Fault Circuit Interrupter
(AFCI) 440.3 Other Articles

(A) Article 430 These provisions are in addition to, or
amendatory of, the provisions of Article 430 and other arti-I. General
cles in this Code, which apply except as modified in this

440.1 Scope article.
The provisions of this article apply to electric motor-driven

(B) Articles 422, 424, or 430 The rules of Articles 422,air-conditioning and refrigerating equipment and to the
424, or 430, as applicable, shall apply to air-conditioning andbranch circuits and controllers for such equipment. It pro-
refrigerating equipment that does not incorporate a hermeticvides for the special considerations necessary for circuits
refrigerant motor-compressor. This equipment includes de-supplying hermetic refrigerant motor-compressors and for
vices that employ refrigeration compressors driven by con-any air-conditioning or refrigerating equipment that is sup-
ventional motors, furnaces with air-conditioning evaporatorplied from a branch circuit that supplies a hermetic refriger-
coils installed, fan-coil units, remote forced air-cooled con-ant motor-compressor.
densers, remote commercial refrigerators, and so forth.

440.2 Definitions (C) Article 422 Equipment such as room air conditioners,
household refrigerators and freezers, drinking water coolers,Branch-Circuit Selection Current. The value in amperes
and beverage dispensers shall be considered appliances, andto be used instead of the rated-load current in determining
the provisions of Article 422 shall also apply.the ratings of motor branch-circuit conductors, disconnecting

means, controllers, and branch-circuit short-circuit and
(D) Other Applicable Articles Hermetic refrigerant

ground-fault protective devices wherever the running over-
motor-compressors, circuits, controllers, and equipment

load protective device permits a sustained current greater
shall also comply with the applicable provisions of Table

than the specified percentage of the rated-load current. The
440.3(D).

value of branch-circuit selection current will always be equal
to or greater than the marked rated-load current. Table 440.3(D) Other Articles

Hermetic Refrigerant Motor-Compressor. A combina- Equipment/Occupancy Article Section
tion consisting of a compressor and motor, both of which
are enclosed in the same housing, with no external shaft or Capacitors 460.9

Commercial garages, aircraft hangars, 511, 513,shaft seals, the motor operating in the refrigerant.
motor fuel dispensing facilities, bulk 514, 515,

Leakage Current Detection and Interruption (LCDI) storage plants, spray application, 516, and 517
dipping, and coating processes, and Part IVProtection. A device provided in a power supply cord or
inhalation anesthetizing locationscord set that senses leakage current flowing between or

Hazardous (classified) locations 500–503 andfrom the cord conductors and interrupts the circuit at a 505
predetermined level of leakage current. Motion picture and television studios 530

and similar locations
Resistors and reactors 470As indicated by the definition, power supply cords or cord

sets with this type of protection automatically interrupt the
circuit where leakage current between or from the conductors
exceeds a predetermined level. Opening of the circuit is Article 440 provides special considerations necessary for
accomplished through the use of electronic switching or by circuits supplying hermetic refrigerant motor-compressors
‘‘air-break’’ contacts. The circuit remains open until the and is in addition to or amendatory of the provisions of
cause of the leakage current is eliminated or the protection Article 430 and other applicable articles. However, many
device is manually reset. Leakage current detection and inter- requirements, such as disconnecting means, controllers, sin-
rupter protection is one of the protection methods for the gle or group installations, and sizing of conductors, are the
power supply cord or cord set of a room air conditioner same as or similar to those applied in Article 430.
specified in 440.65. Article 440 does not apply unless a hermetic refrigerant

motor-compressor is supplied. Article 440 must be applied
in conjunction with Article 430.

Rated-Load Current. The rated-load current for a hermetic Note the terms rated-load current and branch-circuit
refrigerant motor-compressor is the current resulting when
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440.5Article 440 — Air-Conditioning and Refrigerating Equipment

load air-conditioning and refrigeration equipment is nowselection current, defined in 440.2. When a branch-circuit
selection current is marked on a nameplate, it must be used required to be marked with its short-circuit current rating.

At large commercial, institutional, and industrial complexes,instead of the rated-load current to determine the size of the
disconnecting means, the controller, the motor branch-circuit the controllers and control panels of air-conditioning and

refrigeration equipment are often supplied from a point onconductors, and the overcurrent protective devices for the
branch-circuit conductors and the motor. The value of the electrical distribution system where significant short-

circuit current is available.branch-circuit selection current is always greater than the
marked rated-load current. As is the case with any electrical installation where high

levels of short circuit current are available, the short circuit
current rating marked on the air-conditioning equipment

440.4 Marking on Hermetic Refrigerant Motor- controllers and control panels enables those responsible for
Compressors and Equipment designing and approving the electrical installation with the

necessary information to ensure compliance with the require-(A) Hermetic Refrigerant Motor-Compressor Name-
ments of 110.10. Multimotor and combination load air-con-plate A hermetic refrigerant motor-compressor shall be pro-
ditioning equipment used in one- and two-family dwellings,vided with a nameplate that shall indicate the manufacturer’s
cord-and-attachment plug-connected AC equipment, and ACname, trademark, or symbol; identifying designation; phase;
equipment supplied by branch circuits rated 60 amperes orvoltage; and frequency. The rated-load current in amperes
less are not required to be marked with their short-circuitof the motor-compressor shall be marked by the equipment
current rating. A similar requirement for marking the shortmanufacturer on either or both the motor-compressor name-
circuit current rating on equipment has been added to 430.8plate and the nameplate of the equipment in which the motor-
for motor controllers.compressor is used. The locked-rotor current of each single-

phase motor-compressor having a rated-load current of more
than 9 amperes at 115 volts, or more than 4.5 amperes at Exception No. 1: Multimotor and combination-load equip-
230 volts, and each polyphase motor-compressor shall be ment that is suitable under the provisions of this article for
marked on the motor-compressor nameplate. Where a ther- connection to a single 15- or 20-ampere, 120-volt, or a 15-
mal protector complying with 440.52(A)(2) and (B)(2) is ampere, 208- or 240-volt, single-phase branch circuit shall
used, the motor-compressor nameplate or the equipment be permitted to be marked as a single load.
nameplate shall be marked with the words ‘‘thermally pro- Exception No. 2: The minimum supply circuit conductor
tected.’’ Where a protective system complying with ampacity and the maximum rating of the branch-circuit
440.52(A)(4) and (B)(4) is used and is furnished with the short-circuit and ground-fault protective device shall not be
equipment, the equipment nameplate shall be marked with required to be marked on a room air conditioner conforming
the words, ‘‘thermally protected system.’’ Where a protective with 440.62(A).
system complying with 440.52(A)(4) and (B)(4) is specified,

Exception No. 3: Multimotor and combination-load equip-the equipment nameplate shall be appropriately marked.
ment used in one- and two-family dwellings, cord-and-
attachment-plug-connected equipment, or equipment sup-(B) Multimotor and Combination-Load Equipment
plied from a branch circuit protected at 60 A or less shallMultimotor and combination-load equipment shall be pro-
not be required to be marked with a short-circuit currentvided with a visible nameplate marked with the maker’s
rating.name, the rating in volts, frequency and number of phases,

minimum supply circuit conductor ampacity, the maximum (C) Branch-Circuit Selection Current A hermetic refrig-
rating of the branch-circuit short-circuit and ground-fault erant motor-compressor, or equipment containing such a
protective device, and the short-circuit current rating of the compressor, having a protection system that is approved for
motor controllers or industrial control panel. The ampacity use with the motor-compressor that it protects and that per-
shall be calculated by using Part IV and counting all the mits continuous current in excess of the specified percentage
motors and other loads that will be operated at the same time. of nameplate rated-load current given in 440.52(B)(2) or
The branch-circuit short-circuit and ground-fault protective (B)(4) shall also be marked with a branch-circuit selection
device rating shall not exceed the value calculated by using current that complies with 440.52(B)(2) or (B)(4). This
Part III. Multimotor or combination-load equipment for use marking shall be provided by the equipment manufacturer
on two or more circuits shall be marked with the above and shall be on the nameplate(s) where the rated-load cur-
information for each circuit. rent(s) appears.

440.5 Marking on Controllers
To verify compliance with 110.10, a motor controller(s) or

A controller shall be marked with the manufacturer’s name,a control panel associated with multimotor and combination-
trademark, or symbol; identifying designation; voltage;
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440.6 Article 440 — Air-Conditioning and Refrigerating Equipment

phase; full-load and locked-rotor current (or horsepower) rent used to determine the highest rated motor shall be the
equivalent value corresponding to the motor horsepowerrating; and such other data as may be needed to properly

indicate the motor-compressor for which it is suitable. rating selected from Tables 430.248, 430.249, or 430.250.

Exception: Where so marked, the branch-circuit selection440.6 Ampacity and Rating
current shall be used instead of the rated-load current in

The size of conductors for equipment covered by this article determining the highest rated (largest) motor-compressor.
shall be selected from Tables 310.16 through 310.19 or
calculated in accordance with 310.15 as applicable. The 440.8 Single Machine
required ampacity of conductors and rating of equipment

An air-conditioning or refrigerating system shall be consid-shall be determined according to 440.6(A) and 440.6(B).
ered to be a single machine under the provisions of 430.87,
Exception, and 430.112, Exception. The motors shall be(A) Hermetic Refrigerant Motor-Compressor For a her-
permitted to be located remotely from each other.metic refrigerant motor-compressor, the rated-load current

marked on the nameplate of the equipment in which the
II. Disconnecting Meansmotor-compressor is employed shall be used in determining

the rating or ampacity of the disconnecting means, the 440.11 General
branch-circuit conductors, the controller, the branch-circuit

The provisions of Part II are intended to require discon-short-circuit and ground-fault protection, and the separate
necting means capable of disconnecting air-conditioning andmotor overload protection. Where no rated-load current is
refrigerating equipment, including motor-compressors andshown on the equipment nameplate, the rated-load current
controllers from the circuit conductors.shown on the compressor nameplate shall be used.

Exception No. 1: Where so marked, the branch-circuit selec- 440.12 Rating and Interrupting Capacity
tion current shall be used instead of the rated-load current

(A) Hermetic Refrigerant Motor-Compressor A discon-to determine the rating or ampacity of the disconnecting
necting means serving a hermetic refrigerant motor-means, the branch-circuit conductors, the controller, and the
compressor shall be selected on the basis of the nameplatebranch-circuit short-circuit and ground-fault protection.
rated-load current or branch-circuit selection current, which-

Exception No. 2: For cord-and-plug-connected equipment, ever is greater, and locked-rotor current, respectively, of the
the nameplate marking shall be used in accordance with motor-compressor as follows.
440.22(B), Exception No. 2.

(1) Ampere Rating The ampere rating shall be at least 115
FPN: For disconnecting means and controllers, see

percent of the nameplate rated-load current or branch-circuit440.12 and 440.41.
selection current, whichever is greater.

(B) Multimotor Equipment For multimotor equipment
Exception: A listed nonfused motor circuit switch having aemploying a shaded-pole or permanent split-capacitor-type
horsepower rating not less than the equivalent horsepowerfan or blower motor, the full-load current for such motor
determined in accordance with 440.12(A)(2) shall be permit-marked on the nameplate of the equipment in which the fan
ted to have an ampere rating less than 115 percent of theor blower motor is employed shall be used instead of the
specified current.horsepower rating to determine the ampacity or rating of

the disconnecting means, the branch-circuit conductors, the (2) Equivalent Horsepower To determine the equivalent
controller, the branch-circuit short-circuit and ground-fault horsepower in complying with the requirements of 430.109,
protection, and the separate overload protection. This mark- the horsepower rating shall be selected from Tables 430.248,
ing on the equipment nameplate shall not be less than the 430.249, or 430.250 corresponding to the rated-load current
current marked on the fan or blower motor nameplate. or branch-circuit selection current, whichever is greater, and

also the horsepower rating from Tables 430.251(A) or
440.7 Highest Rated (Largest) Motor 430.251(B) corresponding to the locked-rotor current. In

case the nameplate rated-load current or branch-circuit selec-In determining compliance with this article and with 430.24,
430.53(B) and 430.53(C), and 430.62(A), the highest rated tion current and locked-rotor current do not correspond to

the currents shown in Tables 430.248, 430.249, 430.250,(largest) motor shall be considered to be the motor that has
the highest rated-load current. Where two or more motors 430.251(A), or 430.251(B), the horsepower rating corre-

sponding to the next higher value shall be selected. In casehave the same highest rated-load current, only one of them
shall be considered as the highest rated (largest) motor. For different horsepower ratings are obtained when applying

these tables, a horsepower rating at least equal to the largerother than hermetic refrigerant motor-compressors, and fan
or blower motors as covered in 440.6(B), the full-load cur- of the values obtained shall be selected.
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440.14Article 440 — Air-Conditioning and Refrigerating Equipment

(B) Combination Loads Where the combined load of two determined by 440.12(B)(1) shall be permitted to have an
ampere rating less than 115 percent of the sum of all currents.or more hermetic refrigerant motor-compressors or one or

more hermetic refrigerant motor-compressor with other mo-
(C) Small Motor-Compressors For small motor-compres-tors or loads may be simultaneous on a single disconnecting
sors not having the locked-rotor current marked on the name-means, the rating for the disconnecting means shall be deter-
plate, or for small motors not covered by Tables 430.247,mined in accordance with 440.12(B)(1) and (B)(2).
430.248, 430.249, or 430.250, the locked-rotor current shall
be assumed to be six times the rated-load current.(1) Horsepower Rating The horsepower rating of the dis-

connecting means shall be determined from the sum of all
(D) Disconnecting Means Every disconnecting means incurrents, including resistance loads, at the rated-load condi-
the refrigerant motor-compressor circuit between the pointtion and also at the locked-rotor condition. The combined
of attachment to the feeder and the point of connectionrated-load current and the combined locked-rotor current so
to the refrigerant motor-compressor shall comply with theobtained shall be considered as a single motor for the purpose
requirements of 440.12.of this requirement as follows.
(E) Disconnecting Means Rated in Excess of 100 Horse-(a) The full-load current equivalent to the horsepower
power Where the rated-load or locked-rotor current as de-rating of each motor, other than a hermetic refrigerant motor-
termined above would indicate a disconnecting means ratedcompressor, and fan or blower motors as covered in 440.6(B)
in excess of 100 hp, the provisions of 430.109(E) shall apply.shall be selected from Tables 430.248, 430.249, or 430.250.

These full-load currents shall be added to the motor-com-
440.13 Cord-Connected Equipmentpressor rated-load current(s) or branch-circuit selection cur-
For cord-connected equipment such as room air conditioners,rent(s), whichever is greater, and to the rating in amperes
household refrigerators and freezers, drinking water coolers,of other loads to obtain an equivalent full-load current for
and beverage dispensers, a separable connector or an attach-the combined load.
ment plug and receptacle shall be permitted to serve as the(b) The locked-rotor current equivalent to the horse-
disconnecting means.power rating of each motor, other than a hermetic refrigerant

FPN: For room air conditioners, see 440.63.motor-compressor, shall be selected from Tables 430.251(A)
or 430.251(B), and, for fan and blower motors of the shaded-

440.14 Locationpole or permanent split-capacitor type marked with the
locked-rotor current, the marked value shall be used. The Disconnecting means shall be located within sight from and
locked-rotor currents shall be added to the motor-compressor readily accessible from the air-conditioning or refrigerating
locked-rotor current(s) and to the rating in amperes of other equipment. The disconnecting means shall be permitted to
loads to obtain an equivalent locked-rotor current for the be installed on or within the air-conditioning or refrigerating
combined load. Where two or more motors or other loads equipment.
such as resistance heaters, or both, cannot be started simulta- The disconnecting means shall not be located on panels
neously, appropriate combinations of locked-rotor and rated- that are designed to allow access to the air-conditioning or
load current or branch-circuit selection current, whichever refrigeration equipment.
is greater, shall be an acceptable means of determining the

Exception No. 1: Where the disconnecting means providedequivalent locked-rotor current for the simultaneous com-
in accordance with 430.102(A) is capable of being locked inbined load.
the open position, and the refrigerating or air-conditioning

Exception: Where part of the concurrent load is a resistance equipment is essential to an industrial process in a facility
load and the disconnecting means is a switch rated in horse- with written safety procedures, and where the conditions
power and amperes, the switch used shall be permitted to of maintenance and supervision ensure that only qualified
have a horsepower rating not less than the combined load persons service the equipment, a disconnecting means within
to the motor-compressor(s) and other motor(s) at the locked- sight from the equipment shall not be required. The provision
rotor condition, if the ampere rating of the switch is not less for locking or adding a lock to the disconnecting means
than this locked-rotor load plus the resistance load. shall be permanently installed on or at the switch or circuit

breaker used as the disconnecting means.
(2) Full-Load Current Equivalent The ampere rating of
the disconnecting means shall be at least 115 percent of the

Exception No. 1 accommodates special conditions associ-sum of all currents at the rated-load condition determined
ated with process refrigeration equipment. Typically, thisin accordance with 440.12(B)(1).
equipment is very large, so rated disconnects may not be

Exception: A listed nonfused motor circuit switch having a available. Additionally, this equipment may be in hazardous
horsepower rating not less than the equivalent horsepower
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440.21 Article 440 — Air-Conditioning and Refrigerating Equipment

disconnect location requirements in 430.102, 430.107, andlocations, and locating disconnecting means within sight of
the motor may introduce additional hazards. The provision 430.113. Because 440.3(A) makes the requirements in Arti-

cle 440 in addition to or amendatory of the provisions offor locking or attaching a lock to the disconnecting means
must be part of the disconnect and a permanent component Article 430, the requirement of 440.14 mandates that the

equipment disconnecting means be within sight from andof the switch or circuit breaker. The term permanent compo-
nent is used to preclude portable or transferrable-type lock- readily accessible from the equipment, even if there is also

a remote disconnect capable of being locked in the openout devices from being used as the method to provide the
ability to lock the switch or circuit breaker in the open position under the provision of 430.102(B), Exception.

This special requirement for air-conditioning and re-(off) position. An example of ‘‘permanent-type’’ locking
hardware is shown in Exhibit 440.1. frigeration equipment covered by Article 440 is more strin-

gent than the provisions in Article 430 to provide protection
for service personnel working on equipment located in attics,
on roofs, or outside in a remote location where it is difficult
to gain access to a remote lockable disconnect. See 440.14,
Exception No. 1.

III. Branch-Circuit Short-Circuit and
Ground-Fault Protection

440.21 General
The provisions of Part III specify devices intended to protect
the branch-circuit conductors, control apparatus, and motors
in circuits supplying hermetic refrigerant motor-compressors
against overcurrent due to short circuits and grounds. They
are in addition to or amendatory of the provisions of Article
240.

Where an air conditioner is listed by a qualified electrical
testing laboratory with a nameplate that reads ‘‘maximum
fuse size,’’ the listing restricts the use of this unit to fuse
protection only and does not cover its use with circuit break-
ers. If the air conditioner has been evaluated for both fuses
and ordinary circuit breakers or both fuses and HACR-type
circuit breakers, it may be so marked. UL-listed circuit
breakers that have been found suitable for use with heating,
air-conditioning, and refrigeration equipment comprising
multimotor or combination loads are marked ‘‘Listed HACR
Type.’’ It is the intent of 110.3(B) to require that the manufac-
turer’s installation specifications be closely followed andExhibit 440.1 Four circuit breakers equipped with locking hard-
that any restriction of the listing be applied to the installationware that is not readily removable or transferable. (Courtesy of

International Association of Electrical Inspectors) of the equipment, in order to comply with the Code.
The UL Electrical Appliance and Utilization Equipment

Directory states the following under Air-Conditioners, Cen-
Exception No. 2: Where an attachment plug and receptacle tral Cooling (ACAV): ‘‘This marked protective device rating
serve as the disconnecting means in accordance with 440.13, is the maximum for which the equipment has been investi-
their location shall be accessible but shall not be required gated and found acceptable. Where the marking specifies
to be readily accessible. fuses, or ‘HACR Type’ circuit breakers, the circuit is in-

FPN: See Parts VII and IX of Article 430 for additional tended to be protected only by the type of protective device
requirements. specified.’’ Exhibit 440.2 illustrates three wiring configura-

tions where the equipment is under fuse protection only.
The UL Electrical Appliance and Utilization EquipmentThe references to Parts VII and IX of Article 430 in the fine

print note are intended to call attention to the additional Directory further indicates that ‘‘in units employing two or
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440.22Article 440 — Air-Conditioning and Refrigerating Equipment

more motors or a motor(s) and other loads operating from permitted to be increased but shall not exceed 225 percent
of the motor rated-load current or branch-circuit selectiona single supply circuit, the motor overload protective devices

(including thermal protectors for motors) and other factory- current, whichever is greater.
installed motor circuit components and wiring are investi-

Exception: The rating of the branch-circuit short-circuit andgated on the basis of compliance with the motor branch-
ground-fault protective device shall not be required to becircuit short-circuit and ground-fault protection require-
less than 15 amperes.ments of 430.53(C), Other Group Installations. Such

multimotor and combination load equipment is to be con- (B) Rating or Setting for Equipment The equipment
nected only to a circuit protected by fuses or a circuit breaker

branch-circuit short-circuit and ground-fault protective de-
with a rating that does not exceed the value marked on the

vice shall be capable of carrying the starting current of the
data plate of the equipment.’’

equipment. Where the hermetic refrigerant motor-
Current-limiting overcurrent devices, which may reduce

compressor is the only load on the circuit, the protection shall
the amount of fault current to which the equipment is sub-

conform with 440.22(A). Where the equipment incorporates
jected, can be installed in the branch circuit supplying the

more than one hermetic refrigerant motor-compressor or a
equipment. See 240.2 for the definition of current-limiting

hermetic refrigerant motor-compressor and other motors or
overcurrent protective device and commentary explaining

other loads, the equipment short-circuit and ground-fault
short-circuit damage. This is important particularly for larger

protection shall conform with 430.53 and 440.22(B)(1) and
commercial and industrial installations. See also 110.3(B)

(B)(2).
and 110.10 and associated commentary regarding the instal-
lation and use of listed or labeled equipment and the selection (1) Motor-Compressor Largest Load Where a hermetic
of overcurrent protective devices (such as fuses and circuit refrigerant motor-compressor is the largest load connected
breakers). to the circuit, the rating or setting of the branch-circuit short-

circuit and ground-fault protective device shall not exceed
the value specified in 440.22(A) for the largest motor-

440.22 Application and Selection compressor plus the sum of the rated-load current or branch-
(A) Rating or Setting for Individual Motor-Compressor circuit selection current, whichever is greater, of the other
The motor-compressor branch-circuit short-circuit and motor-compressor(s) and the ratings of the other loads sup-
ground-fault protective device shall be capable of carrying plied.
the starting current of the motor. A protective device having
a rating or setting not exceeding 175 percent of the motor- (2) Motor-Compressor Not Largest Load Where a her-

metic refrigerant motor-compressor is not the largest loadcompressor rated-load current or branch-circuit selection
current, whichever is greater, shall be permitted, provided connected to the circuit, the rating or setting of the branch-

circuit short-circuit and ground-fault protective device shallthat, where the protection specified is not sufficient for the
starting current of the motor, the rating or setting shall be not exceed a value equal to the sum of the rated-load current

Fused
switch

Fuseless
switch

Circuit
breaker

Air conditioner Air conditioner

Circuit
breakers

Fused
switch Air conditioner

Fused
switch

Exhibit 440.2 Three correct alternate wiring configurations satisfying a nameplate that specifies
fuses, thus restricting the equipment to protection by fuses only. (Note that the fuse rating cannot
exceed the maximum fuse size specified on the air-conditioner nameplate.)
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440.31 Article 440 — Air-Conditioning and Refrigerating Equipment

or branch-circuit selection current, whichever is greater, rat- The use of wye-start, delta-run hermetic motor-compressors
ing(s) for the motor-compressor(s) plus the value specified is a means of reducing starting current in large air-condition-
in 430.53(C)(4) where other motor loads are supplied, or ing equipment. Starting the motor using a wye-configured
the value specified in 240.4 where only nonmotor loads are winding results in a phase voltage that is 1/1.732, or 58
supplied in addition to the motor-compressor(s). percent, of the line voltage. This reduction in phase voltage

results in a directly proportional reduction in phase current.Exception No. 1: Equipment that starts and operates on a
In the starting configuration, the phase current and the line15- or 20-ampere 120-volt, or 15-ampere 208- or 240-volt
current are equal.single-phase branch circuit, shall be permitted to be pro-

The second paragraph of 440.32 permits the two setstected by the 15- or 20-ampere overcurrent device protecting
of conductors between the controller and the compressorthe branch circuit, but if the maximum branch-circuit short-
motor to be sized at 72 percent of the larger of either thecircuit and ground-fault protective device rating marked on
motor-compressor rated-load current or the branch circuitthe equipment is less than these values, the circuit protective
selection current. The conductors on the line side of thedevice shall not exceed the value marked on the equipment
controller are sized at not less than 125 percent of eithernameplate.
the motor-compressor rated-load current or the branch circuitException No. 2: The nameplate marking of cord-and-plug-
selection current, whichever is larger. For more informationconnected equipment rated not greater than 250 volts, sin-
on wye-start, delta-run motors, see the commentary follow-gle-phase, such as household refrigerators and freezers,
ing 430.22(C).drinking water coolers, and beverage dispensers, shall be

used in determining the branch-circuit requirements, and
each unit shall be considered as a single motor unless the

FPN: The individual motor circuit conductors of wye-nameplate is marked otherwise. start, delta-run connected motor-compressors carry 58
percent of the rated load current. The multiplier of 72(C) Protective Device Rating Not to Exceed the Manu-
percent is obtained by multiplying 58 percent by 1.25.facturer’s Values Where maximum protective device rat-

ings shown on a manufacturer’s overload relay table for use
440.33 Motor-Compressor(s) With or Withoutwith a motor controller are less than the rating or setting
Additional Motor Loadsselected in accordance with 440.22(A) and 440.22(B), the

protective device rating shall not exceed the manufacturer’s Conductors supplying one or more motor-compressor(s)
values marked on the equipment. with or without an additional load(s) shall have an ampacity

not less than the sum of the rated-load or branch-circuit
IV. Branch-Circuit Conductors selection current ratings, whichever is larger, of all the motor-

compressors plus the full-load currents of the other motors,440.31 General
plus 25 percent of the highest motor or motor-compressor

The provisions of Part IV and Article 310 specify ampacities
rating in the group.

of conductors required to carry the motor current without
overheating under the conditions specified, except as modi- Exception No. 1: Where the circuitry is interlocked so as
fied in 440.6(A), Exception No. 1. to prevent the starting and running of a second motor-

The provisions of these articles shall not apply to inte- compressor or group of motor-compressors, the conductor
gral conductors of motors, motor controllers and the like, size shall be determined from the largest motor-compressor
or to conductors that form an integral part of approved or group of motor-compressors that is to be operated at a
equipment. given time.

FPN: See 300.1(B) and 310.1 for similar requirements. Exception No. 2: The branch circuit conductors for room
air conditioners shall be in accordance with Part VII of

440.32 Single Motor-Compressor Article 440.
Branch-circuit conductors supplying a single motor-com-
pressor shall have an ampacity not less than 125 percent of Branch circuits for listed air-conditioning and refrigeration
either the motor-compressor rated-load current or the branch- equipment that have a nameplate marked with the branch-
circuit selection current, whichever is greater. circuit conductor size and branch-circuit short-circuit protec-

For a wye-start, delta-run connected motor-compressor, tive device size are not required to have the branch-circuit
the selection of branch-circuit conductors between the con- conductors sized in accordance with 440.33. The testing
troller and the motor-compressor shall be permitted to be laboratory standard includes the 25 percent increase for the
based on 72 percent of either the motor-compressor rated- largest motor or compressor in the group plus the other
load current or the branch-circuit selection current, which- nonmotor or noncompressor load; therefore, the actual name-
ever is greater.

2005 National Electrical Code Handbook602

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



440.52Article 440 — Air-Conditioning and Refrigerating Equipment

plate full-load amperes for the complete assembly can be branch-circuit conductors against excessive heating due to
motor overload and failure to start.used to size the branch-circuit conductors.

FPN: See 240.4(G) for application of Parts III and VI
440.34 Combination Load of Article 440.

Conductors supplying a motor-compressor load in addition
to a lighting or appliance load as calculated from Article 440.52 Application and Selection
220 and other applicable articles shall have an ampacity

(A) Protection of Motor-Compressor Each motor-sufficient for the lighting or appliance load plus the required
compressor shall be protected against overload and failureampacity for the motor-compressor load determined in ac-
to start by one of the following means:cordance with 440.33 or, for a single motor-compressor, in

accordance with 440.32. (1) A separate overload relay that is responsive to motor-
compressor current. This device shall be selected to tripException: Where the circuitry is interlocked so as to pre-
at not more than 140 percent of the motor-compressorvent simultaneous operation of the motor-compressor(s) and
rated-load current.all other loads connected, the conductor size shall be deter-

(2) A thermal protector integral with the motor-compressor,mined from the largest size required for the motor-
approved for use with the motor-compressor that it pro-compressor(s) and other loads to be operated at a given
tects on the basis that it will prevent dangerous overheat-time.
ing of the motor-compressor due to overload and failure

440.35 Multimotor and Combination- to start. If the current-interrupting device is separate
Load Equipment from the motor-compressor and its control circuit is

operated by a protective device integral with the motor-The ampacity of the conductors supplying multimotor and
compressor, it shall be arranged so that the opening ofcombination-load equipment shall not be less than the mini-
the control circuit will result in interruption of currentmum circuit ampacity marked on the equipment in accor-
to the motor-compressor.dance with 440.4(B).

(3) A fuse or inverse time circuit breaker responsive to
V. Controllers for Motor-Compressors motor current, which shall also be permitted to serve

as the branch-circuit short-circuit and ground-fault pro-440.41 Rating
tective device. This device shall be rated at not more

(A) Motor-Compressor Controller A motor-compressor than 125 percent of the motor-compressor rated-load
controller shall have both a continuous-duty full-load current current. It shall have sufficient time delay to permit the
rating and a locked-rotor current rating not less than the motor-compressor to start and accelerate its load. The
nameplate rated-load current or branch-circuit selection cur- equipment or the motor-compressor shall be marked
rent, whichever is greater, and locked-rotor current, respec- with this maximum branch-circuit fuse or inverse time
tively, of the compressor. In case the motor controller is circuit breaker rating.
rated in horsepower but is without one or both of the forego- (4) A protective system, furnished or specified and ap-
ing current ratings, equivalent currents shall be determined proved for use with the motor-compressor that it protects
from the ratings as follows. Tables 430.248, 430.249, and on the basis that it will prevent dangerous overheating
430.250 shall be used to determine the equivalent full-load of the motor-compressor due to overload and failure to
current rating. Tables 430.251(A) and 430.252(B) shall be start. If the current-interrupting device is separate from
used to determine the equivalent locked-rotor current ratings. the motor-compressor and its control circuit is operated

by a protective device that is not integral with the cur-(B) Controller Serving More Than One Load A control-
rent-interrupting device, it shall be arranged so that theler serving more than one motor-compressor or a motor-
opening of the control circuit will result in interruptioncompressor and other loads shall have a continuous-duty
of current to the motor-compressor.full-load current rating and a locked-rotor current rating not

less than the combined load as determined in accordance
(B) Protection of Motor-Compressor Control Apparatuswith 440.12(B).
and Branch-Circuit Conductors The motor-compressor
controller(s), the disconnecting means, and the branch-VI. Motor-Compressor and Branch-
circuit conductors shall be protected against overcurrent dueCircuit Overload Protection
to motor overload and failure to start by one of the following

440.51 General means, which shall be permitted to be the same device or
system protecting the motor-compressor in accordance withThe provisions of Part VI specify devices intended to protect

the motor-compressor, the motor-control apparatus, and the 440.52(A):
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440.53 Article 440 — Air-Conditioning and Refrigerating Equipment

Exception: Overload protection of motor-compressors and 440.55 Cord-and-Attachment-Plug-Connected
equipment on 15- and 20-ampere, single-phase, branch cir- Motor-Compressors and Equipment on 15- or
cuits shall be permitted to be in accordance with 440.54 20-Ampere Branch Circuits
and 440.55.

Overload protection for motor-compressors and equipment
that are cord-and-attachment-plug-connected and used on(1) An overload relay selected in accordance with
15- or 20-ampere 120-volt, or 15-ampere 208- or 240-volt,440.52(A)(1)
single-phase branch circuits as permitted in Article 210 shall(2) A thermal protector applied in accordance with
be permitted as indicated in 440.55(A), (B), and (C).440.52(A)(2), that will not permit a continuous current

in excess of 156 percent of the marked rated-load current (A) Overload Protection The motor-compressor shall be
or branch-circuit selection current provided with overload protection as specified in 440.52(A).

(3) A fuse or inverse time circuit breaker selected in accor- Both the controller and the motor overload protective device
dance with 440.52(A)(3) shall be approved for installation with the short-circuit and

(4) A protective system, in accordance with 440.52(A)(4), ground-fault protective device for the branch circuit to which
that will not permit a continuous current in excess of the equipment is connected.
156 percent of the marked rated-load current or branch-
circuit selection current (B) Attachment Plug and Receptacle Rating The rating

of the attachment plug and receptacle shall not exceed 20
amperes at 125 volts or 15 amperes at 250 volts.440.53 Overload Relays

Overload relays and other devices for motor overload protec- (C) Time Delay The short-circuit and ground-fault protec-
tion that are not capable of opening short circuits shall be tive device protecting the branch circuit shall have sufficient
protected by fuses or inverse time circuit breakers with rat- time delay to permit the motor-compressor and other motors
ings or settings in accordance with Part III unless approved to start and accelerate their loads.
for group installation or for part-winding motors and marked
to indicate the maximum size of fuse or inverse time circuit VII. Provisions for Room Air
breaker by which they shall be protected. Conditioners
Exception: The fuse or inverse time circuit breaker size 440.60 General
marking shall be permitted on the nameplate of approved The provisions of Part VII shall apply to electrically ener-
equipment in which the overload relay or other overload gized room air conditioners that control temperature and
device is used. humidity. For the purpose of Part VII, a room air conditioner

(with or without provisions for heating) shall be considered
as an ac appliance of the air-cooled window, console, or in-440.54 Motor-Compressors and Equipment on
wall type that is installed in the conditioned room and that15- or 20-Ampere Branch Circuits — Not Cord-
incorporates a hermetic refrigerant motor-compressor(s).and-Attachment-Plug-Connected
The provisions of Part VII cover equipment rated not over

Overload protection for motor-compressors and equipment
250 volts, single phase, and such equipment shall be permit-

used on 15- or 20-ampere 120-volt, or 15-ampere 208- or
ted to be cord-and-attachment-plug-connected.

240-volt single-phase branch circuits as permitted in Article
A room air conditioner that is rated three phase or rated

210 shall be permitted as indicated in 440.54(A) and
over 250 volts shall be directly connected to a wiring method

440.54(B).
recognized in Chapter 3, and provisions of Part VII shall
not apply.

(A) Overload Protection The motor-compressor shall be
provided with overload protection selected as specified in 440.61 Grounding
440.52(A). Both the controller and motor overload protective

Room air conditioners shall be grounded in accordance withdevice shall be approved for installation with the short-
250.110, 250.112, and 250.114.circuit and ground-fault protective device for the branch

circuit to which the equipment is connected.
440.62 Branch-Circuit Requirements

(B) Time Delay The short-circuit and ground-fault protec- (A) Room Air Conditioner as a Single Motor Unit A
room air conditioner shall be considered as a single motortive device protecting the branch circuit shall have sufficient

time delay to permit the motor-compressor and other motors unit in determining its branch-circuit requirements where all
the following conditions are met:to start and accelerate their loads.
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445.1Article 445 — Generators

(1) It is cord-and-attachment-plug-connected. Generally, portable room air conditioners are used only on
(2) Its rating is not more than 40 amperes and 250 volts, a seasonal basis and are removed and stored at the end of

single phase. the cooling season. During the life of a room air conditioner,
(3) Total rated-load current is shown on the room air- the installation and removal occurs many times, and there

conditioner nameplate rather than individual motor is an increased likelihood of a damaged cord as a result of
currents. the unit being set on the cord or pushed against it. To provide

(4) The rating of the branch-circuit short-circuit and enhanced protection against fires initiated by damaged sup-
ground-fault protective device does not exceed the am- ply cords, all single-phase cord-and-plug-connected room air
pacity of the branch-circuit conductors or the rating of conditioners are required to be equipped with either leakage
the receptacle, whichever is less. current detection and interruption protection or arc-fault cir-

cuit interrupter protection. The protective device is required
(B) Where No Other Loads Are Supplied The total to be installed in the appliance cord and must be within 12
marked rating of a cord-and-attachment-plug-connected in. of the attachment plug.
room air conditioner shall not exceed 80 percent of the rating
of a branch circuit where no other loads are supplied.

ARTICLE 445
(C) Where Lighting Units or Other Appliances Are Also GeneratorsSupplied The total marked rating of a cord-and-attachment-
plug-connected room air conditioner shall not exceed 50
percent of the rating of a branch circuit where lighting out- Summary of Changes
lets, other appliances, or general-use receptacles are also • 445.11: Revised to require that the generator marking
supplied. Where the circuitry is interlocked to prevent simul- include the subtransient and transient impedances.
taneous operation of the room air conditioner and energiza-

• 445.18: Revised to allow multiple disconnecting meanstion of other outlets on the same branch circuit, a cord-and-
as the method to isolate the generator from the loadsattachment-plug-connected room air conditioner shall not
supplied.exceed 80 percent of the branch-circuit rating.

440.63 Disconnecting Means
Contents

An attachment plug and receptacle shall be permitted to
445.1 Scopeserve as the disconnecting means for a single-phase room

445.10 Locationair conditioner rated 250 volts or less if (1) the manual
445.11 Markingcontrols on the room air conditioner are readily accessible
445.12 Overcurrent Protectionand located within 1.8 m (6 ft) of the floor or (2) an approved

(A) Constant-Voltage Generatorsmanually operable disconnecting means is installed in a
(B) Two-Wire Generatorsreadily accessible location within sight from the room air
(C) 65 Volts or Lessconditioner.
(D) Balancer Sets
(E) Three-Wire, Direct-Current Generators

440.64 Supply Cords 445.13 Ampacity of Conductors
Where a flexible cord is used to supply a room air condi- 445.14 Protection of Live Parts
tioner, the length of such cord shall not exceed 3.0 m 445.15 Guards for Attendants
(10 ft) for a nominal, 120-volt rating or 1.8 m (6 ft) for a 445.16 Bushings
nominal, 208- or 240-volt rating. 445.17 Generator Terminal Housings

445.18 Disconnecting Means Required for Generators

440.65 Leakage Current Detection and
Interruption (LCDI) and Arc Fault Circuit 445.1 Scope
Interrupter (AFCI) This article covers the installation of generators.
Single-phase cord-and-plug-connected room air condition-
ers shall be provided with factory-installed LCDI or AFCI Generators are generally associated with fire pumps (see
protection. The LCDI or AFCI protection shall be an integral Article 695), emergency systems (see Article 700), legally
part of the attachment plug or be located in the power supply required standby systems (see Article 701), optional standby
cord within 300 mm (12 in.) of the attachment plug.
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445.10 Article 445 — Generators

systems (see Article 702), and interconnected electric power armature lead. Such protective devices shall be interlocked
so that no one pole can be opened without simultaneouslyproduction sources (see Article 705). Article 445 covers the

installation of generators; these other articles cover the use disconnecting both leads of the armature from the system.
of generators in particular situations and applications. Exception to (A) through (E): Where deemed by the author-

ity having jurisdiction, a generator is vital to the operation
of an electrical system and the generator should operate to

445.10 Location failure to prevent a greater hazard to persons. The overload
Generators shall be of a type suitable for the locations in sensing device(s) shall be permitted to be connected to an
which they are installed. They shall also meet the require- annunciator or alarm supervised by authorized personnel
ments for motors in 430.14. instead of interrupting the generator circuit.

445.11 Marking Alternating-current generators can be designed so that during
Each generator shall be provided with a nameplate giving short periods of time, when the generator may carry an
the manufacturer’s name, the rated frequency, power factor, excessive overload, the voltage will fall off sufficiently to
number of phases if of alternating current, the subtransient limit the current and power output to values that will not
and transient impedances, the rating in kilowatts or kilovolt damage the generator.
amperes, the normal volts and amperes corresponding to the The connection of a 2-wire generator, protected by
rating, rated revolutions per minute, insulation system class a single-pole circuit breaker, is illustrated in Exhibit 445.1.
and rated ambient temperature or rated temperature rise, and Where two or more dc generators are operated in parallel
time rating. or in multiples, an equalizer conductor lead is connected

to the positive terminal of each generator and, in effect,
connects the series fields in parallel so as to maintain445.12 Overcurrent Protection
equal output voltage for each generator. The current could(A) Constant-Voltage Generators Constant-voltage gen-
divide at the positive terminal, some flowing through theerators, except ac generator exciters, shall be protected from
series field and positive lead and some flowing throughoverloads by inherent design, circuit breakers, fuses, or other
the equalizer lead. The entire current generated flowsacceptable overcurrent protective means suitable for the con-
through the negative lead; therefore, the fuse or circuitditions of use.
breaker (or at least the operating coil of the circuit breaker)
must be placed in the negative lead. Overcurrent devices(B) Two-Wire Generators Two-wire, dc generators shall
must be connected so as to be actuated by the entire armaturebe permitted to have overcurrent protection in one conductor
output current.only if the overcurrent device is actuated by the entire current

generated other than the current in the shunt field. The
overcurrent device shall not open the shunt field.

(C) 65 Volts or Less Generators operating at 65 volts or
less and driven by individual motors shall be considered as
protected by the overcurrent device protecting the motor if
these devices will operate when the generators are delivering
not more than 150 percent of their full-load rated current.

(D) Balancer Sets Two-wire, dc generators used in con-
junction with balancer sets to obtain neutrals for 3-wire
systems shall be equipped with overcurrent devices that
disconnect the 3-wire system in case of excessive unbalanc-
ing of voltages or currents.

(E) Three-Wire, Direct-Current Generators Three-wire,
dc generators, whether compound or shunt wound, shall be
equipped with overcurrent devices, one in each armature
lead, and connected so as to be actuated by the entire current

+

+

–

–

Single-pole
circuit breaker

–Bus

+Bus
Equalizer bus

G

Field
rheostat

Shunt field

Series field

from the armature. Such overcurrent devices shall consist
either of a double-pole, double-coil circuit breaker or of a Exhibit 445.1 A 2-wire dc generator protected by a single-pole
4-pole circuit breaker connected in the main and equalizer circuit breaker.
leads and tripped by two overcurrent devices, one in each
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445.18Article 445 — Generators

to an annunciator or an alarm (instead of interrupting theAn overcurrent device should not be placed in the shunt
field circuit because, if the circuit were to open when the generator) and allow operating personnel to shut down load-

side equipment in a safe and orderly fashion.field was at full strength, an extremely high voltage would
be induced that could damage the field winding insulation
and the generator.

445.13 Ampacity of ConductorsSection 445.12(C) indicates that generators operating
at 65 volts or less are to be thought of as protected by The ampacity of the conductors from the generator terminals
the overcurrent devices that also protect the drive motor, to the first distribution device(s) containing overcurrent pro-
provided these devices operate when the generator delivers tection shall not be less than 115 percent of the nameplate
150 percent of its full-load rated current. current rating of the generator. It shall be permitted to size

Exhibit 445.2 illustrates a two-pole circuit breaker with the neutral conductors in accordance with 220.61. Conduc-
one pole connected in each lead of the main generator and tors that must carry ground-fault currents shall not be smaller
with the operating coil properly designed to be connected than required by 250.24(C). Neutral conductors of dc genera-
in the neutral lead from the balancer, and arranged so as to tors that must carry ground-fault currents shall not be smaller
be operated by either of the A coils or by the B coil. Each than the minimum required size of the largest conductor.
of the two generators used as a balancer set carries approxi-

Exception: Where the design and operation of the generator
mately half the unbalanced load and, thus, is always smaller

prevent overloading, the ampacity of the conductors shall
than the main generator. During an excessive imbalance of

not be less than 100 percent of the nameplate current rating
the load, the balancer set would be overloaded, with no

of the generator.
overload on the main generator; hence, a double-pole circuit
breaker is connected (as noted) to guard against this

445.14 Protection of Live Partscondition.
Live parts of generators operated at more than 50 volts to
ground shall not be exposed to accidental contact where
accessible to unqualified persons.

445.15 Guards for Attendants
Where necessary for the safety of attendants, the require-
ments of 430.233 shall apply.

445.16 Bushings
Where wires pass through an opening in an enclosure, con-
duit box, or barrier, a bushing shall be used to protect the
conductors from the edges of an opening having sharp edges.
The bushing shall have smooth, well-rounded surfaces where
it may be in contact with the conductors. If used where oils,
grease, or other contaminants may be present, the bushing
shall be made of a material not deleteriously affected.

445.17 Generator Terminal Housings
Generator terminal housings shall comply with 430.12.
Where a horsepower rating is required to determine the

+

–

G

G

+Bus

50 ANeutral

100 A

–Bus 50 A

230 V

Main generator

A

A

B

75 A

75 A

G

Balancer set

50 A

25 A

25 A

115 V 115 V

Lo
ad

Two-pole
circuit breaker

required minimum size of the generator terminal housing,
the full-load current of the generator shall be compared with

Exhibit 445.2 A two-pole circuit breaker (one pole connected in comparable motors in Tables 430.247 through 430.250. The
each lead of the main generator) with the opening coil connected

higher horsepower rating of Tables 430.247 and 430.250in the neutral of the balancer set.
shall be used whenever the generator selection is between
two ratings.

Note that the authority having jurisdiction may judge
that having the generator operate to failure is preferable to 445.18 Disconnecting Means Required
providing automatic means to shut it down, which, in many for Generators
cases, could present a greater hazard to personnel. An over-

Generators shall be equipped with disconnect(s) by meansload sensing device(s) would be permitted to be connected
of which the generator and all protective devices and control
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445.18 Article 450 — Transformers and Transformer Vaults (Including Secondary Ties)

apparatus are able to be disconnected entirely from the cir-
450.5 Grounding Autotransformerscuits supplied by the generator except where both of the

(A) Three-Phase, 4-Wire Systemfollowing conditions apply:
(B) Ground Reference for Fault Protection Devices
(C) Ground Reference for Damping Transitory(1) The driving means for the generator can be readily shut

Overvoltagesdown.
450.6 Secondary Ties(2) The generator is not arranged to operate in parallel with

(A) Tie Circuitsanother generator or other source of voltage.
(B) Overcurrent Protection for Secondary

ConnectionsAdded to the 1999 Code, 445.18 requires that generators be
(C) Groundingequipped with a disconnect switch or circuit breaker unless

450.7 Parallel Operationthe prime mover can be readily shut down and the generator
450.8 Guardingis not operating in parallel with another generator or source

(A) Mechanical Protectionof power.
(B) Case or EnclosureRevised for the 2005 Code, 445.18 now permits multiple
(C) Exposed Energized Partsmeans to be used as the method of isolating the generator
(D) Voltage Warningfrom the loads that it supplies. Article 700 permits the use

450.9 Ventilationof a single generator to supply emergency, legally required
450.10 Groundingstandby (Article 701) and optional standby (Article 702)
450.11 Markingloads. In such arrangements, there may be more than one
450.12 Terminal Wiring Spacefeeder run from the generator to the distribution and transfer
450.13 Accessibilityequipment. To allow such arrangements, this revision now

(A) Open Installationspermits multiple devices as the method to provide the re-
(B) Hollow Space Installationsquired disconnecting means.

II. Specific Provisions Applicable to Different Types of
Transformers
450.21 Dry-Type Transformers Installed IndoorsARTICLE 450 (A) Not Over 1121⁄2 kVA

Transformers and Transformer (B) Over 1121⁄2 kVA
(C) Over 35,000 VoltsVaults (Including Secondary Ties)

450.22 Dry-Type Transformers Installed Outdoors
450.23 Less-Flammable Liquid-Insulated

TransformersSummary of Changes
(A) Indoor Installations• 450.5: Revised to prohibit placing zig-zag connections
(B) Outdoor Installationswhere they would be compromised by other line-to-

450.24 Nonflammable Fluid-Insulated Transformersground fault current sources on the premises.
450.25 Askarel-Insulated Transformers Installed

• 450.6(C): Added new grounding requirement for trans- Indoors
formers that supply secondary tie systems. 450.26 Oil-Insulated Transformers Installed Indoors

450.27 Oil-Insulated Transformers Installed
Outdoors

450.28 Modification of Transformers
Contents III. Transformer Vaults

450.1 Scope 450.41 Location
I. General Provisions 450.42 Walls, Roofs, and Floors

450.2 Definition 450.43 Doorways
450.3 Overcurrent Protection (A) Type of Door

(A) Transformers Over 600 Volts, Nominal (B) Sills
(B) Transformers 600 Volts, Nominal, or Less (C) Locks
(C) Voltage Transformers 450.45 Ventilation Openings

450.4 Autotransformers 600 Volts, Nominal, or Less (A) Location
(A) Overcurrent Protection (B) Arrangement
(B) Transformer Field-Connected as an (C) Size

(D) CoveringAutotransformer
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450.3Article 450 — Transformers and Transformer Vaults (Including Secondary Ties)

transformer shall mean a transformer or polyphase bank of
(E) Dampers two or more single-phase transformers operating as a unit.
(F) Ducts

450.46 Drainage
Section 450.3 was reorganized for the 1999 Code to present450.47 Water Pipes and Accessories
transformer protection requirements in a simpler and more450.48 Storage in Vaults
user-friendly table format. The fundamental protection re-
quirements were not changed; only the presentation of the
requirements is different. Instead of 11 paragraphs, 10 excep-450.1 Scope
tions, and 2 tables, 450.3(A) and 450.3(B) use two basicThis article covers the installation of all transformers.
tables with notes and one exception to provide overcurrent

Exception No. 1: Current transformers. protection requirements for transformers. Notes to a table are
part of the requirements of the table, unlike the information
contained in fine print notes (FPNs), which per 90.5(C) areSee 110.23 for the requirement on energized current trans-
explanatory in nature and not enforceable.formers that are not in use.

FPN No. 1: See 240.4, 240.21, 240.100, and 240.101
Exception No. 2: Dry-type transformers that constitute a for overcurrent protection of conductors.
component part of other apparatus and comply with the
requirements for such apparatus. The requirements for protection of transformer secondaries
Exception No. 3: Transformers that are an integral part of in Article 450 apply only to the protection of transformers,
an X-ray, high-frequency, or electrostatic-coating apparatus. not to the protection of conductors. Article 240 applies only

to the protection of conductors, not to the protection ofException No. 4: Transformers used with Class 2 and Class
transformers. It is possible that the overcurrent protection3 circuits that comply with Article 725.
required by Article 450 also satisfies the requirements inException No. 5: Transformers for sign and outline lighting
Article 240 for protection of the conductors, and vice versa,that comply with Article 600.
but it is also possible that they do not.

Exception No. 6: Transformers for electric-discharge light-
ing that comply with Article 410.

FPN No. 2: Nonlinear loads can increase heat in a trans-
Exception No. 7: Transformers used for power-limited fire former without operating its overcurrent protective de-
alarm circuits that comply with Part III of Article 760. vice.

Exception No. 8: Transformers used for research, develop-
ment, or testing, where effective arrangements are provided The increased heating effects of nonlinear load currents must
to safeguard persons from contacting energized parts. be taken into account when determining the load on a trans-

former. There are several methods for dealing with the heat-
This article covers the installation of transformers dedi- ing effects of nonlinear loads, including derating equipment,

cated to supplying power to a fire pump installation as oversizing equipment, increasing insulation ratings, install-
modified by Article 695. ing thermal protection systems, and using K-factor trans-

This article also covers the installation of transformers formers. The optimum method for dealing with transformer
in hazardous (classified) locations as modified by Articles overheating will vary, depending on several technical and
501 through 504. economic factors, and should be considered during the de-

sign phase of the electrical system.
I. General Provisions

(A) Transformers Over 600 Volts, Nominal Overcurrent450.2 Definition
protection shall be provided in accordance with TableFor the purpose of this article, the following definition shall
450.3(A).apply.

Transformer. An individual transformer, single- or poly- For Note 1 of Table 450.3(A), concerning standard ratings
phase, identified by a single nameplate, unless otherwise of circuit breakers and fuses, see 240.6.
indicated in this article. For Note 2 of the table, overcurrent protection to protect

the secondary of a transformer is allowed to consist of not450.3 Overcurrent Protection
more than six sets of fuses or six circuit breakers, under the

Overcurrent protection of transformers shall comply with following conditions:
450.3(A), (B), or (C). As used in this section, the word
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450.3 Article 450 — Transformers and Transformer Vaults (Including Secondary Ties)

Table 450.3(A) Maximum Rating or Setting of Overcurrent Protection for Transformers
Over 600 Volts (as a Percentage of Transformer-Rated Current)

Secondary Protection (See Note 2.)
Primary Protection Over 600

Volts Over 600 Volts 600 Volts or Less

Transformer
Location Rated Circuit Breaker Circuit Breaker Circuit Breaker or

Limitations Impedance (See Note 4.) Fuse Rating (See Note 4.) Fuse Rating Fuse Rating

Not more than 6% 600% 300% 300% 250% 125%
(See Note 1.) (See Note 1.) (See Note 1.) (See Note 1.) (See Note 1.)

Any Location
More than 6% 400% 300% 250% 225% 125%
and not more than (See Note 1.) (See Note 1.) (See Note 1.) (See Note 1.) (See Note 1.)
10%

Supervised Any 300% 250% Not required Not required Not required
locations only (See Note 1.) (See Note 1.)
(See Note 3.)

Not more than 6% 600% 300% 300% 250% 250%
(See Note 5.) (See Note 5.) (See Note 5.)

More than 6% 400% 300% 250% 225% 250%
and not more (See Note 5.) (See Note 5.) (See Note 5.)
than 10%

Notes:
1. Where the required fuse rating or circuit breaker setting does not correspond to a standard rating or
setting, a higher rating or setting that does not exceed the next higher standard rating or setting shall be
permitted.
2. Where secondary overcurrent protection is required, the secondary overcurrent device shall be permitted
to consist of not more than six circuit breakers or six sets of fuses grouped in one location. Where
multiple overcurrent devices are utilized, the total of all the device ratings shall not exceed the allowed
value of a single overcurrent device. If both circuit breakers and fuses are used as the overcurrent device,
the total of the device ratings shall not exceed that allowed for fuses.
3. A supervised location is a location where conditions of maintenance and supervision ensure that only
qualified persons monitor and service the transformer installation.
4. Electronically actuated fuses that may be set to open at a specific current shall be set in accordance
with settings for circuit breakers.
5. A transformer equipped with a coordinated thermal overload protection by the manufacturer shall be
permitted to have separate secondary protection omitted.

1. They must be grouped in one location. For Note 4 of the table, electronically actuated fuse is
2. The sum of the overcurrent devices must not exceed defined in Article 100, Part II, Over 600 Volts, Nominal.

the maximum value of a single device. The ratings or settings obtained from Table 450.3(A)
3. Where a combination of fuses and circuit breakers is are based on the type of protective device (fuse, electronic

used, the maximum value will be that of a single set of fuse, or circuit breaker), transformer rated current and im-
fuses. pedance, and primary and secondary voltages. According

to Table 450.3(A), the maximum ratings or settings of an
See Exhibits 450.1 and 450.2 for an application of Note 2. overcurrent protective device for transformers rated over

600 volts is separated into two broad categories: any locationThis note also appears in Table 450.3(B) and applies to
transformers rated 600 volts and less as well. (or unsupervised) and supervised locations only.

The first category for over 600-volt transformers is notFor Note 3 of Table 450.3(A), a supervised location
is where maintenance of the equipment is performed by limited by location and is referred to as any location. The

maximum ratings or settings for overcurrent devices permit-personnel that have received safety training and are familiar
with proper operation of the equipment and aware of the ted in the any location row are applicable for all unsupervised

locations. An any location transformer installation must behazards associated with it.
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450.3Article 450 — Transformers and Transformer Vaults (Including Secondary Ties)

600% Ip

Transformer,
over 600 V

300% Is

Exhibit 450.3 A transformer with 6 percent impedance and rated
over 600 volts using circuit-breaker protection for both the primary
and the secondary. For the transformer in this exhibit, both the

not greater than 300% Is

Transformer,
over 600 V

600% Ip

 Is1

 Is1
 Is2

 Is3
 Is4

 Is5
 Is6

 Is2
 Is3

 Is4
 Is5

 Is6
+ + + + +

primary and the secondary voltages are over 600 volts.

Exhibit 450.1 A transformer rated over 600 volts with a second-
ary rated over 600 volts, with secondary protection consisting of locations only row. See Exhibit 450.3 for an example of an
six circuit breakers. The sum of the ratings of the circuit breakers installation using circuit breakers on the primary and the
is not permitted to exceed 300 percent of the rated secondary secondary for an over 600-volt transformer with 6 percent
current. impedance.

The second category for over 600-volt transformers is
supervised locations only. The maximum ratings or settings
for overcurrent devices permitted in the supervised locations
only rows are strictly limited to the conditions explained in
Note 3 of Table 450.3(A). If the location of a transformer
does not qualify as a supervised location, then it is necessary
to select the general rows of any location in Table 450.3(A).
Notice that the installation shown in Exhibit 450.3 fulfills
the requirements of both any location and supervised loca-
tions only.

Article 240, Overcurrent Protection, contains Part VIII,
Supervised Industrial Installations, which contains many re-
vised overcurrent protection requirements for feeders and
feeder taps associated with transformers. Also, requirements
for the overcurrent protection of transformer secondary con-
ductors are found in 240.4(F).

(B) Transformers 600 Volts, Nominal, or Less. Overcur-
rent protection shall be provided in accordance with Table

not greater than 250% Is

Transformer,
over 600 V

300% Ip

 Is1

 Is1
 Is2

 Is3
 Is4

 Is5
 Is6

 Is2
 Is3

 Is4
 Is5

 Is6
+ + + + +

450.3(B).
Exhibit 450.2 A transformer rated over 600 volts with a second-
ary rated over 600 volts, with secondary protection consisting of The ratings or settings of the overcurrent protective device
fuses and circuit breakers. The sum of the ratings of all the

obtained from Table 450.3(B) are based on the transformer-overcurrent devices is not permitted to exceed the rating permit-
rated current and whether or not secondary protection isted for fuses.
provided. According to Table 450.3(B), the maximum rat-
ings or settings of overcurrent protective devices for trans-provided with overcurrent protection in both the primary

and secondary circuit. Of course, the user may select the any formers rated 600 volts and less are separated into two
categories: primary only protection and primary and second-location row even if the location qualifies for the supervised

locations only category, because the requirements for the ary protection.
According to Table 450.3(B), transformers with currentsany location row are the same as or exceed the supervised
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450.3 Article 450 — Transformers and Transformer Vaults (Including Secondary Ties)

Table 450.3(B) Maximum Rating or Setting of Overcurrent Protection for Transformers
600 Volts and Less (as a Percentage of Transformer-Rated Current).

Primary Protection Secondary Protection (See Note 2.)

Currents of 9 Currents Less Currents Less Currents of 9 Currents Less
Protection Method Amperes or More Than 9 Amperes Than 2 Amperes Amperes or More Than 9 Amperes

Primary only protection 125% (See Note 1.) 167% 300% Not required Not required

Primary and secondary
protection 250% (See Note 3.) 250% (See Note 3.) 250% (See Note 3.) 125% (See Note 1.) 167%

Notes:
1. Where 125 percent of this current does not correspond to a standard rating of a fuse or nonadjustable
circuit breaker, a higher rating that does not exceed the next higher standard rating shall be permitted.
2. Where secondary overcurrent protection is required, the secondary overcurrent device shall be permitted
to consist of not more than six circuit breakers or six sets of fuses grouped in one location. Where
multiple overcurrent devices are utilized, the total of all the device ratings shall not exceed the allowed
value of a single overcurrent device. If both breakers and fuses are utilized as the overcurrent device,
the total of the device ratings shall not exceed that allowed for fuses.
3. A transformer equipped with coordinated thermal overload protection by the manufacturer and arranged
to interrupt the primary current shall be permitted to have primary overcurrent protection rated or set at
a current value that is not more than six times the rated current of the transformer for transformers having
not more than 6 percent impedance and not more than four times the rated current of the transformer for
transformers having more than 6 percent but not more than 10 percent impedance.

of 9 amperes or more must be protected by either of two
methods. Method 1 requires primary protection only and is
set at not more than 125 percent of the primary side current
rating. Method 1 does not require secondary side overcurrent
protection. Method 2 requires secondary side overcurrent
protection to be set at not more than 125 percent, provided
the primary side overcurrent protection is set at not more
than 250 percent of the primary side current rating.

Although not required, following either protection
method will free the user from any further protection require-
ments of Table 450.3(B). According to this table, smaller
transformers have protection requirements that are less re-
strictive. For overcurrent protection of motor control circuit
transformers, see 430.72(C).

An example of primary only protection is shown in
Exhibit 450.4. An example of primary and secondary protec-
tion is shown in Exhibit 450.5.

Questions frequently arise as to whether the overcurrent
protection required for transformers, as specified in 450.3,
provides satisfactory protection for the primary and second-
ary conductors. Where polyphase transformers are involved,
primary and secondary conductors will usually not be prop-

Transformer,
600 V or less

Primary Overcurrent Protection Only

Primary overcurrent
protection (125%)

(may be circuit breaker) 

Power
panelboard

Lighting and
appliance

branch-circuit
panelboard

erly protected. The rules in 450.3 are intended to protect the
transformer alone. The primary overcurrent device provides

Exhibit 450.4 Two transformers (with currents of 9 amperes orshort-circuit protection for the primary conductors and a
more) rated 600 volts or less with only primary overcurrent protec-degree of overload protection for the transformer, and sec-
tion, according to Table 450.3(B).ondary overcurrent devices prevent the transformer and sec-

ondary conductors from being overloaded. The transformer
Section 240.4(F) permits the secondary circuit conduc-is considered the point of supply, and the conductors it

supplies must be protected in accordance with their ampacity. tors from a transformer to be protected by overcurrent de-
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450.4Article 450 — Transformers and Transformer Vaults (Including Secondary Ties)

overcurrent device installed in series with each ungrounded
input conductor. Such overcurrent device shall be rated or
set at not more than 125 percent of the rated full-load input
current of the autotransformer. Where this calculation does
not correspond to a standard rating of a fuse or nonadjustable
circuit breaker and the rated input current is 9 amperes or
more, the next higher standard rating described in 240.6 shall
be permitted. An overcurrent device shall not be installed in
series with the shunt winding (the winding common to both
the input and the output circuits) of the autotransformer
between Points A and B as shown in Figure 450.4.

Shunt winding(s) 

A

B

Figure 450.4 Autotransformer.

Transformer,
600 V or less

Primary and Secondary Overcurrent Protection

Secondary overcurrent protection (125%)
(may consist of 1 to 6 circuit

breakers or 1 to 6 sets of fuses)

Primary overcurrent protection (250%)
(may be circuit breaker) 

Panelboard

Exhibit 450.5 A transformer (9 amperes or more) rated 600 volts
Because of the voltage feedback problem that may occur,or less and protected by a combination of primary and secondary
an overcurrent device is not permitted between points A andovercurrent protection, according to Table 450.3(B).
B in Code Figure 450.4.

Exhibit 450.6 provides an example of overcurrent pro-vices in the primary circuit conductors of the transformer
tection for an autotransformer. It shows a two-winding, sin-only in two special cases. The first case is a transformer
gle-phase transformer connected to boost a 208-volt supplywith a 2-wire primary and a 2-wire secondary, provided the
to 240 volts. The autotransformer is provided with a two-transformer primary is protected in accordance with 450.3.
pole disconnect switch with both overcurrent devices (OC-The second case is a 3-phase, delta-delta-connected trans-
1a and OC-1b) located on the supply side of the autotrans-former having a 3-wire, single-voltage secondary, provided
former. If an overcurrent device were located between pointsits primary is protected in accordance with 450.3. In cases
A and B and this overcurrent device opened, the full 208-where the primary feeder to the transformer incorporates
volt supply voltage would be applied across the 32-voltovercurrent protective devices rated (or set) at a level not

to exceed those prescribed herein, it is not necessary to
duplicate them at the transformer.

Exception: Where the transformer is installed as a motor-
control circuit transformer in accordance with 430.72(C)(1)
through (C)(5).

(C) Voltage Transformers Voltage transformers installed
indoors or enclosed shall be protected with primary fuses.

FPN: For protection of instrument circuits including
voltage transformers, see 408.52.

208 V
Shut
winding

OC-1a

OC-1b B

A

Autotransformer

H1

H2
X1

X2

240 V Load32 V

450.4 Autotransformers 600 Volts, Nominal,
Exhibit 450.6 A disconnect switch with overcurrent devicesor Less
properly connected to protect an autotransformer and located to

(A) Overcurrent Protection Each autotransformer 600 meet the requirements of 450.4(A), last sentence.
volts, nominal, or less shall be protected by an individual
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450.5 Article 450 — Transformers and Transformer Vaults (Including Secondary Ties)

cause serious damage to the transformer. For instance, a zig-secondary winding in series with the load. Under those con-
zag transformer is installed on an existing 50-ampere, three-ditions, a higher-than-normal voltage would appear across
phase, three-wire branch circuit to create a neutral. Thethe primary winding. If the load impedance were very low,
branch circuit is derived from a grounded wye service, fromthis voltage could approach 208/32 � 208 � 1352 volts.
which large capacity, 800-ampere and 1000-ampere feeders
are also supplied. A line-to-ground fault in one of these

Exception: Where the rated input current of the autotrans-
feeder circuits can result in serious damage to the zig-zag

former is less than 9 amperes, an overcurrent device rated
transformer as a result of it sharing the fault current with

or set at not more than 167 percent of the input current
the system supply transformer.

shall be permitted.

(B) Transformer Field-Connected as an Autotrans-
FPN: The phase current in a grounding autotransformerformer A transformer field-connected as an autotrans-
is one-third the neutral current.former shall be identified for use at elevated voltage.

(A) Three-Phase, 4-Wire System A grounding autotrans-
former used to create a 3-phase, 4-wire distribution systemThe requirement in 450.4(B) is necessary because of the

dielectric voltage withstand test requirements applied to from a 3-phase, 3-wire ungrounded system shall conform
to 450.5(A)(1) through (A)(4).transformers. The test is conducted at 2500 volts for wind-

ings rated 250 volts or less and at 4000 volts for higher-
(1) Connections The transformer shall be directly con-rated windings. A transformer intended for buck or boost
nected to the ungrounded phase conductors and shall not beoperation would require that the test for the low-voltage
switched or provided with overcurrent protection that iswinding be based on the sum of the primary and secondary
independent of the main switch and common-trip overcur-voltage ratings.
rent protection for the 3-phase, 4-wire system.

(2) Overcurrent Protection An overcurrent sensing de-FPN: For information on permitted uses of autotrans-
vice shall be provided that will cause the main switch orformers, see 210.9 and 215.11.
common-trip overcurrent protection referred to in
450.5(A)(1) to open if the load on the autotransformer450.5 Grounding Autotransformers
reaches or exceeds 125 percent of its continuous currentGrounding autotransformers covered in this section are zig-
per-phase or neutral rating. Delayed tripping for temporaryzag or T-connected transformers connected to 3-phase, 3-
overcurrents sensed at the autotransformer overcurrent de-wire ungrounded systems for the purpose of creating a 3-
vice shall be permitted for the purpose of allowing properphase, 4-wire distribution system or providing a neutral ref-
operation of branch or feeder protective devices on theerence for grounding purposes. Such transformers shall have
4-wire system.a continuous per-phase current rating and a continuous neu-

tral current rating. Zig-zag connected transformers shall not (3) Transformer Fault Sensing A fault-sensing system
be installed on the load side of any system grounding connec- that causes the opening of a main switch or common-trip
tion, including those made in accordance with 250.24(B), overcurrent device for the 3-phase, 4-wire system shall be
250.30(A)(1), or 250.32(B)(2). provided to guard against single-phasing or internal faults.

FPN: This can be accomplished by the use of two sub-A revision to 450.5 in the 2005 Code prohibits the installa-
tractive-connected donut-type current transformers in-tion of grounding autotransformers on the load side of a stalled to sense and signal when an unbalance occurs in

supply system grounding connection. This restriction applies the line current to the autotransformer of 50 percent or
to services, to separately derived systems, and to feeders and more of rated current.
branch circuits that supply separate buildings or structures.

(4) Rating The autotransformer shall have a continuousWhere a zig-zag transformer is used to create a neutral
neutral-current rating that is sufficient to handle the maxi-reference point on a circuit that is supplied from a grounded
mum possible neutral unbalanced load current of the 4-wiresystem, the current from a line-to-ground fault is shared
system.through the supply system transformer and the zig-zag trans-

former.
Where the rating of the circuit in which the line-to- Exhibit 450.7 shows the proper method of protecting a

grounding autotransformer used to provide a neutral for aground fault occurs exceeds the rating of the circuit in which
the zig-zag transformer is used, the shared ground fault 3-phase system where necessary to supply a group of single-

phase, line-to-neutral loads. Separate overcurrent protectioncurrent through the zig-zag transformer has the potential to
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450.5Article 450 — Transformers and Transformer Vaults (Including Secondary Ties)

N

240-V, 3-phase, 3-wire delta service

Zigzag grounding
autotransformer

480-V 
delta

supply

Shunt trip circuit breaker

CT-2 CT-3

CT-1

N
277-V
line-to-
neutral 

load

Neutral

Exhibit 450.7 A zigzag autotransformer used to create a 3-
Exhibit 450.8 A zigzag autotransformer used to establish a neu-phase, 4-wire distribution system or to provide a neutral reference
tral connection for a 480Y/277-volt, 3-phase ungrounded systemfor grounding purposes.
to supply single-phase line-to-neutral loads.

is not provided for the autotransformer, because there will
be no control of the system line-to-neutral voltages if the

shall be rated or set at a current not exceeding 125 percentautotransformer becomes disconnected. Consequently, si-
of the autotransformer continuous per-phase current ratingmultaneous interruption of the power supply to all the line-
or 42 percent of the continuous-current rating of any seriesto-neutral loads is necessary whenever the grounding auto-
connected devices in the autotransformer neutral connection.transformer is switched off.
Delayed tripping for temporary overcurrents to permit theThe donut-type current transformers CT-1, CT-2, and
proper operation of ground-responsive tripping devices onCT-3 shown in Exhibit 450.8 must be arranged to trip the
the main system shall be permitted but shall not exceedcircuit breaker located upstream of both the autotransformer
values that would be more than the short-time current ratingand line-to-neutral connected loads, to satisfy the require-
of the grounding autotransformer or any series connectedments of 450.5(A)(1). All three relays are intended to trip
devices in the neutral connection thereto.the main breaker if the current in any phase or the neutral

conductor exceeds 125 percent of the rated current, as speci-
Exhibit 450.9 shows the proper method of protecting afied in 450.5(A)(2). The current transformers CT-2 and CT-
grounding autotransformer where it is used as a ground3 are also differentially connected, to protect against an
reference for fault protection devices. The overcurrent pro-internal failure of the autotransformer, as required by
tective device is to have a rating (or setting) not in excess450.5(A)(3).
of 125 percent of the rated phase current of the autotrans-
former (42 percent of the neutral current rating) and not

(B) Ground Reference for Fault Protection Devices A more than 42 percent of the continuous current rating of the
grounding autotransformer used to make available a speci- neutral grounding resistor or other current-carrying device
fied magnitude of ground-fault current for operation of a in the neutral connection, as specified in 450.5(B)(2).
ground-responsive protective device on a 3-phase, 3-wire
ungrounded system shall conform to 450.5(B)(1) and (B)(2).

(C) Ground Reference for Damping Transitory Over-
(1) Rating The autotransformer shall have a continuous

voltages A grounding autotransformer used to limit transi-
neutral-current rating sufficient for the specified ground-

tory overvoltages shall be of suitable rating and connected
fault current.

in accordance with 450.5(A)(1).
(2) Overcurrent Protection An overcurrent protective de-
vice of adequate short-circuit rating that will open simultane- For installations involving a high-resistance grounding pack-
ously all ungrounded conductors when it operates shall be age, the functional performance of the installation parallels
applied in the grounding autotransformer branch circuit and
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450.6 Article 450 — Transformers and Transformer Vaults (Including Secondary Ties)

Under the conditions described in 450.6(A)(1) and
450.6(A)(2), the overcurrent protection shall be permitted
to be in accordance with 450.6(A)(3).

(1) Loads at Transformer Supply Points Only Where all
loads are connected at the transformer supply points at each
end of the tie and overcurrent protection is not provided in
accordance with Parts I, II, and VIII of Article 240, the rated
ampacity of the tie shall not be less than 67 percent of
the rated secondary current of the highest rated transformer
supplying the secondary tie system.

(2) Loads Connected Between Transformer Supply
Points Where load is connected to the tie at any point be-
tween transformer supply points and overcurrent protection
is not provided in accordance with Parts I, II, and VIII of

Neutral
connection

Circuit breaker

Grounding
resistor

3-phase
480-V 
supply

Article 240, the rated ampacity of the tie shall not be less
Exhibit 450.9 A zigzag autotransformer used to establish a refer- than 100 percent of the rated secondary current of the highest
ence ground-fault current for fault-protective-device operation or rated transformer supplying the secondary tie system.
for damping-transitory-overvoltage surges.

Exception: Tie circuits comprised of multiple conductors
per phase shall be permitted to be sized and protected in

that described in 450.5(B), differing only in that the magni- accordance with 450.6(A)(4).
tude of available ground-fault current would likely be a lower

(3) Tie Circuit Protection Under the conditions describedvalue. It would be appropriate to employ the connections
in 450.6(A)(1) and (A)(2), both supply ends of each un-displayed in Exhibit 450.9 and to conform with the overcur-
grounded tie conductor shall be equipped with a protectiverent protection requirements prescribed in 450.5(B)(2).
device that opens at a predetermined temperature of theWith any of the grounding autotransformer applications
tie conductor under short-circuit conditions. This protectioncovered by 450.5(A), 450.5(B), or 450.5(C), it is important
shall consist of one of the following: (1) a fusible link cableto emphasize the use of a ganged 3-pole switching interrupter
connector, terminal, or lug, commonly known as a limiter,for connecting and disconnecting the autotransformer, in
each being of a size corresponding with that of the conductororder to accomplish simultaneous connection (and discon-
and of construction and characteristics according to the op-nection) of the three line terminals. If, at any time, one or
erating voltage and the type of insulation on the tie conduc-two of the line connections to the autotransformer should
tors or (2) automatic circuit breakers actuated by devicesopen, which could occur if the protective devices were single
having comparable time-current characteristics.pole, the grounding autotransformer would cease to function

in the desired fashion and would act as a high-inductive- (4) Interconnection of Phase Conductors Between
reactance connection between the electrical system and Transformer Supply Points Where the tie consists of more
ground. The latter connection is prone to create high-value than one conductor per phase or neutral, the conductors of
transitory overvoltages, line-to-ground. each phase or neutral shall comply with one of the following

provisions.

(a) Interconnected. The conductors shall be intercon-450.6 Secondary Ties
nected in order to establish a load supply point, and the

As used in this article, a secondary tie is a circuit operating
protective device specified in 450.6(A)(3) shall be provided

at 600 volts, nominal, or less between phases that connects
in each ungrounded tie conductor at this point on both sides

two power sources or power supply points, such as the second-
of the interconnection. The means of interconnection shall

aries of two transformers. The tie shall be permitted to consist
have an ampacity not less than the load to be served.

of one or more conductors per phase or neutral. Conductors
(b) Not Interconnected. The loads shall be connectedconnecting the secondaries of transformers in accordance

to one or more individual conductors of a paralleled conduc-with 450.7 shall not be considered secondary ties.
tor tie without interconnecting the conductors of each phaseAs used in this section, the word transformer means a
or neutral and without the protection specified in 450.6(A)(3)transformer or a bank of transformers operating as a unit.
at load connection points. Where this is done, the tie conduc-
tors of each phase or neutral shall have a combined capacity(A) Tie Circuits Tie circuits shall be provided with over-

current protection at each end as required in Parts I, II, and ampacity of not less than 133 percent of the rated secondary
current of the highest rated transformer supplying the sec-VIII of Article 240.
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450.6Article 450 — Transformers and Transformer Vaults (Including Secondary Ties)

ondary tie system, the total load of such taps shall not exceed than the rated secondary current of the transformer shall be
provided in the secondary connection of each transformer.the rated secondary current of the highest rated transformer,

and the loads shall be equally divided on each phase and on
the individual conductors of each phase as far as practicable.

The requirements of 450.6 apply specifically to network
systems for power distribution commonly employed where(5) Tie Circuit Control Where the operating voltage ex-
the load density is high and reliability of service is important.ceeds 150 volts to ground, secondary ties provided with
Such a system is illustrated in Exhibit 450.10. This type oflimiters shall have a switch at each end that, when open,
distribution system introduces a variety of problems notde-energizes the associated tie conductors and limiters. The
encountered in the more common radial-type distributioncurrent rating of the switch shall not be less than the rated
system and must be designed by experienced electrical engi-current ampacity of the conductors connected to the switch.
neers. Exhibit 450.10 shows a typical 3-phase network sys-It shall be capable of interrupting its rated current, and it
tem for an industrial plant fed by two primary feeders,shall be constructed so that it will not open under the mag-
preferably from separate substations, energized at any stan-netic forces resulting from short-circuit current.
dard voltage up to 34,500 volts. Each of the transformers

(B) Overcurrent Protection for Secondary Connec- is supplied by the two primary feeders, which are arranged
tions Where secondary ties are used, an overcurrent device by means of a double-throw switch at the transformer so
rated or set at not more than 250 percent of the rated second- that the transformer may be supplied by either feeder.
ary current of the transformers shall be provided in the Each of the network transformers is rated in the range
secondary connections of each transformer supplying the tie of 300 to 1000 kilovolt-amperes (kVA) and is required to
system. In addition, an automatic circuit breaker actuated be protected as illustrated in Exhibit 450.11. The primary
by a reverse-current relay set to open the circuit at not more

Primary feeders (from
separate substations)

LimitersLimiters

Secondary ties

Transformer

Network protector

Circuit breaker or fuses

Secondary feeders
to distribution panels

Double-throw switches

Exhibit 450.10 A typical 3-phase network system for an industrial plant fed by two primary feeders.
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450.7 Article 450 — Transformers and Transformer Vaults (Including Secondary Ties)

Exhibit 450.12 A current limiter (a special type of high-
interrupting-capacity fuse).

tem shall be grounded in accordance with the requirements

Transformer

Secondary overcurrent protection 
(250%) (may be circuit breaker)

Primary overcurrent protection
(may be circuit breaker)

Network  protector (circuit breaker 
with reverse-current relay)

of 250.30 for separately derived systems.

Exhibit 450.11 Primary and secondary overcurrent protection
450.7 Parallel Operationfor a transformer in a network system, showing a network protec-

tor (an automatic circuit breaker actuated by a reverse-current Transformers shall be permitted to be operated in parallel
relay). and switched as a unit, provided the overcurrent protection

for each transformer meets the requirements of 450.3(A) for
and secondary protection is in accordance with 450.3, but primary and secondary protective devices over 600 volts, or
an additional protective device must be provided on the 450.3(B) for primary and secondary protective devices 600
secondary side. This protective device is known as a network volts or less.
protector and consists of a circuit breaker and a reverse-
current relay. The network protector operates on reverse Parallel operation of transformers that are not switched as
current to prevent power from being fed back into the trans- a unit can present dangerous backfeed situations for workers
former through the secondary ties should a fault occur in performing electrical maintenance. Appropriate lockout/ta-
the transformer or a primary feeder. The reverse-current gout procedures must be implemented during maintenance
relay is set to trip the circuit breaker at a current value not of electrical equipment operated or connected in parallel.
more than the rated secondary current of the transformer. See NFPA 70E, Standard for Electrical Safety in the Work-
The relay is not designed to trip the circuit breaker in the place, for safety-related work practices and appropriate lock-
event of an overload on the secondary of the transformer. out/tagout procedures.

The secondary ties shown in Exhibit 450.10 must be
protected at each end with an overcurrent device, in accor-

450.8 Guardingdance with 450.6(A)(3). The overcurrent device most com-
monly provided for this purpose is a special type of fuse Transformers shall be guarded as specified in 450.8(A)
known as a current limiter, which is illustrated in Exhibit through 450.8(D).
450.12. This high-interrupting-capacity device is designed

(A) Mechanical Protection Appropriate provisions shallto provide short-circuit protection only for the secondary
be made to minimize the possibility of damage to transform-ties, which will open safely before temperatures damaging
ers from external causes where the transformers are exposedto the cable insulation are reached. See 240.2 for the defini-
to physical damage.tion of current-limiting overcurrent protective device and its

accompanying commentary. The secondary ties form a
closed loop equipped with switching devices so that any One method of providing mechanical protection is to strate-
part of the loop may be isolated when repairs are needed or gically place bollards around the transformer. This practice
a current limiter must be replaced. provides a degree of protection from vehicles.

(C) Grounding Where the secondary tie system is (B) Case or Enclosure Dry-type transformers shall be pro-
vided with a noncombustible moisture-resistant case or en-grounded, each transformer secondary supplying the tie sys-
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450.13Article 450 — Transformers and Transformer Vaults (Including Secondary Ties)

closure that provides protection against the accidental 450.11 Marking
insertion of foreign objects. Each transformer shall be provided with a nameplate giving

the name of the manufacturer, rated kilovolt-amperes, fre-
(C) Exposed Energized Parts Switches or other equip-

quency, primary and secondary voltage, impedance of trans-
ment operating at 600 volts, nominal, or less and serving

formers 25 kVA and larger, required clearances for
only equipment within a transformer enclosure shall be per-

transformers with ventilating openings, and the amount and
mitted to be installed in the transformer enclosure if accessi-

kind of insulating liquid where used. In addition, the name-
ble to qualified persons only. All energized parts shall be

plate of each dry-type transformer shall include the tempera-
guarded in accordance with 110.27 and 110.34.

ture class for the insulation system.

(D) Voltage Warning The operating voltage of exposed
The information given on a transformer nameplate is neces-live parts of transformer installations shall be indicated by
sary to determine whether special precautions must be usedsigns or visible markings on the equipment or structures.
pertaining to clearances for ventilation, overcurrent protec-
tion, or liquid confinement.450.9 Ventilation

The ventilation shall be adequate to dispose of the trans-
former full-load losses without creating a temperature rise 450.12 Terminal Wiring Space
that is in excess of the transformer rating.

The minimum wire-bending space at fixed, 600-volt and
below terminals of transformer line and load connectionsFPN No. 1: See ANSI/IEEE C57.12.00-1993, General

Requirements for Liquid-Immersed Distribution, Power, shall be as required in 312.6. Wiring space for pigtail connec-
and Regulating Transformers, and ANSI/IEEE tions shall conform to Table 314.16(B).
C57.12.01-1989, General Requirements for Dry-Type
Distribution and Power Transformers.

The requirement in 450.12 ensures adequate wire-bendingFPN No. 2: Additional losses may occur in some trans-
space at fixed terminals of transformer line and load connec-formers where nonsinusoidal currents are present, re-

sulting in increased heat in the transformer above its tions rated 600 volts or less, because this is a point of
rating. See ANSI/IEEE C57.110-1993, Recommended maximum mechanical and electrical stress on the conductor
Practice for Establishing Transformer Capability When insulation.Supplying Nonsinusoidal Load Currents, where trans-
formers are utilized with nonlinear loads.

450.13 Accessibility
Transformers with ventilating openings shall be in-

All transformers and transformer vaults shall be readily ac-stalled so that the ventilating openings are not blocked by
cessible to qualified personnel for inspection and mainte-walls or other obstructions. The required clearances shall be
nance or shall meet the requirements of 450.13(A) orclearly marked on the transformer.
450.13(B).

Section 450.9 is intended to clarify that transformers are
Transformers are not accessible if wiring methods or othernot permitted to be installed directly against walls or other
equipment obstruct the access of a worker or prevent removalobstructions that block openings for ventilation and that
of the covers for inspection or maintenance. Practical clear-the required clearances should be clearly marked on the
ance considerations required for removal and replacementtransformer (see 450.11).
of the transformer are also important.Fine Print Note No. 2 of 450.9 warns of increased

heating of transformers. See the commentary following
450.3, FPN No. 2, and the commentary following

(A) Open Installations Dry-type transformers 600 volts,
310.15(B)(4) for additional information concerning nonlin-

nominal, or less, located in the open on walls, columns, or
ear loads.

structures, shall not be required to be readily accessible.

(B) Hollow Space Installations Dry-type transformers
450.10 Grounding 600 volts, nominal, or less and not exceeding 50 kVA shall

be permitted in hollow spaces of buildings not permanentlyExposed non–current-carrying metal parts of transformer
installations, including fences, guards, and so forth, shall be closed in by structure, provided they meet the ventilation

requirements of 450.9 and separation from combustible ma-grounded where required under the conditions and in the
manner specified for electric equipment and other exposed terials requirements of 450.21(A). Transformers so installed

shall not be required to be readily accessible.metal parts in Article 250.
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450.21 Article 450 — Transformers and Transformer Vaults (Including Secondary Ties)

the class insulation system (Class 155 or higher). The trans-Section 450.13(B) continues to permit the installation of
former class insulation system provides a more completedry-type transformers rated 600 volts or less and not ex-
reference than simply using the permitted temperature rise.ceeding 50 kVA in hollow spaces of hung ceiling areas,
Further information on specific transformer class insulationprovided these spaces are fire resistant, ventilated, and acces-
systems may be found in UL 1561, Dry-Type General Pur-sible. According to 300.22(C)(2), transformers are permitted
pose and Power Transformers.to be installed in hollow spaces where the space is used for

environmental air, provided the transformer is in a metal
FPN: See ANSI/ASTM E119-1995, Method for Fireenclosure (ventilated or nonventilated) and the transformer
Tests of Building Construction and Materials, and NFPAis suitable for the ambient air temperature within the hollow 251-1999, Standard Methods of Tests of Fire Endurance

space. Of course, the requirement of 450.13(B) applies to of Building Construction and Materials.
transformer installations in ‘‘other space used for environ-

(C) Over 35,000 Volts Dry-type transformers rated overmental air’’ per 300.22(C).
35,000 volts shall be installed in a vault complying with
Part III of this article.

II. Specific Provisions Applicable to
Dry-type transformers depend on the surrounding air forDifferent Types of Transformers
adequate ventilation and, where rated 1121⁄2 kVA or less, are

450.21 Dry-Type Transformers not required to be installed in a fire-resistant transformer
Installed Indoors room but must comply with 450.9.

Dry-type transformers, or gas-filled or less-flammable(A) Not Over 1121⁄2 kVA Dry-type transformers installed
liquid-insulated transformers (see 450.23), installed indoorsindoors and rated 1121⁄2 kVA or less shall have a separation
with a primary voltage of not more than 35,000 volts areof at least 305 mm (12 in.) from combustible material unless
commonly used because a transformer vault is not required.separated from the combustible material by a fire-resistant,

For the same reason, askarel-filled transformers haveheat-insulated barrier.
been extensively used indoors in the past. Askarel, which

Exception: This rule shall not apply to transformers rated contains a polychlorinated biphenyl (PCB), is no longer
for 600 volts, nominal, or less that are completely enclosed, being manufactured. Acceptable substitutes that comply with
with or without ventilating openings. 450.23 are readily available.

Exhibit 450.13 shows a dry-type transformer with the
(B) Over 1121⁄2 kVA Individual dry-type transformers of outside casing in place and with the latest core and coil
more than 1121⁄2 kVA rating shall be installed in a transformer design for a typical dry-type power transformer rated at
room of fire-resistant construction. Unless specified other- 1000 kVA, 13,800 volts to 480 volts, 3-phase, 60 Hz. This
wise in this article, the term fire resistant means a construc- transformer has a high-voltage and low-voltage flange for
tion having a minimum fire rating of 1 hour. connection to switchgear and a high-voltage, 2-position

(double-throw), 3-pole-load air-break switch that may beException No. 1: Transformers with Class 155 or higher
attached to the case and arranged as a selector switch forinsulation systems and separated from combustible material
the connection of the transformer primary to either of twoby a fire-resistant, heat-insulating barrier or by not less than
feeder sources.1.83 m (6 ft) horizontally and 3.7 m (12 ft) vertically.

Dry-type transformers rated 1121⁄2 kVA or less require
Exception No. 2: Transformers with Class 155 or higher 12 in. of separation from combustible material or separation
insulation systems and completely enclosed except for venti- by fire-resistant barriers. Transformers rated less than 600
lating openings. volts and completely enclosed, except for ventilating open-

ings, are exempt from this requirement unless the manufac-
turer’s installation instructions specify clearance distances.Dry-type transformers with a Class 155 or higher insulation

system rating are not required to be installed in transformer Noncombustible insulations used in transformers, such as
mica, porcelain, and glass, which can withstand high temper-rooms or vaults if space separation or a fire-resistant heat-

insulating barrier is provided. Although these units are de- atures, have permitted the application of larger dry-type
transformers. Combustible materials, however, such as var-signed for higher operating temperatures, the need for a

transformer vault is mitigated by the fire-resistant character- nishes, may have been used with those insulations, and,
under short-circuit conditions, flames can escape from theistics of high-temperature insulations.

The two exceptions to 450.21(B) were revised for the transformer enclosure. Transformers rated over 1121⁄2 kVA
must be located in fire-resistant transformer rooms or vaults1999 Code by eliminating the reference to the specific tem-

perature rating (80�C rise or higher rating) and substituting unless either of the exceptions to 450.21(B) applies.
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450.23Article 450 — Transformers and Transformer Vaults (Including Secondary Ties)

(1) In Type I or Type II buildings, in areas where all of the
following requirements are met:

a. The transformer is rated 35,000 volts or less.
b. No combustible materials are stored.
c. A liquid confinement area is provided.
d. The installation complies with all restrictions pro-

vided for in the listing of the liquid.

(2) With an automatic fire extinguishing system and a liquid
confinement area, provided the transformer is rated
35,000 volts or less

(3) In accordance with 450.26

(B) Outdoor Installations Less-flammable liquid-filled
transformers shall be permitted to be installed outdoors,
attached to, adjacent to, or on the roof of buildings, where
installed in accordance with (1) or (2):

(1) For Type I and Type II buildings, the installation shall
comply with all restrictions provided for in the listing
of the liquid.

FPN: Installations adjacent to combustible material, fire
escapes, or door and window openings may require addi-
tional safeguards such as those listed in 450.27.

(2) In accordance with 450.27.

FPN No. 1: As used in this section, Type I and Type II
buildings refers to Type I and Type II building construc-Exhibit 450.13 A dry-type transformer with a core and coil design
tion as defined in NFPA 220-1999, Standard on Typesrated at 1000 kVA, 13,800 volts to 480 volts, 3-phase, 60 Hz.
of Building Construction. Combustible materials refers(Courtesy of Square D Co.)
to those materials not classified as noncombustible or
limited-combustible as defined in NFPA 220-1999, Stan-
dard on Types of Building Construction.

450.22 Dry-Type Transformers Installed Outdoors
Dry-type transformers installed outdoors shall have a weath- NFPA 220, Standard on Types of Building Construction,
erproof enclosure. defines Type I building construction as ‘‘that type in which

Transformers exceeding 1121⁄2 kVA shall not be located the structural members, including walls, columns, beams,
within 305 mm (12 in.) of combustible materials of buildings girders, trusses, arches, floors, and roofs, are of approved
unless the transformer has Class 155 insulation systems or noncombustible or limited-combustible materials and have
higher and is completely enclosed except for ventilating fire resistance ratings not less than those specified in Table
openings. 3-1.’’ Table 3-1 is reprinted here as Commentary Table 450.1.

Type II building construction is defined in NFPA 220
as ‘‘that type not qualifying as Type I construction in whichSee the commentary following 450.21(B), Exception No. 2,
the structural members, including walls, columns, beams,for an explanation of the change from specific temperature
girders, trusses, arches, floors, and roofs, are of approvedrating (80�C rise or higher rating) to the class insulation
noncombustible or limited-combustible materials and shallsystem (Class 155 or higher.)
have fire resistance ratings not less than those specified in
Table 3-1.’’ See Commentary Table 450.1.

450.23 Less-Flammable Liquid-
Insulated Transformers

FPN No. 2: See definition of Listed in Article 100.Transformers insulated with listed less-flammable liquids
that have a fire point of not less than 300�C shall be permitted

Two listing agencies, Factory Mutual Research and Under-to be installed in accordance with 450.23(A) or 450.23(B).
writers Laboratories Inc., list less-flammable liquids for

(A) Indoor Installations Indoor installations shall be per- transformers. These liquids have a fire point of at least
mitted in accordance with one of the following:
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450.24 Article 450 — Transformers and Transformer Vaults (Including Secondary Ties)

300�C. Exhibit 450.14 shows an example of a liquid-insu- Commentary Table 450.1 Fire Resistance Ratings (in Hours)
for Type I and Type II Construction*lated transformer.

The Factory Mutual Research listing is based on the
Type I Type IIuse of a Factory Mutual Research–approved less-flammable

fluid in a transformer tank that meets certain criteria. Pres- 443 332 222 111
sure-relief devices must be provided. Factory Mutual Re-

Exterior Bearing Walls —search also recommends the use of enhanced electrical
Supporting more than 4 3 2 1protection. Spacing from adjacent combustibles must be pro-

one floor, columns, orvided, based on the fluid capacity of the transformer tank,
other bearing walls

as illustrated in Exhibit 450.15. In the event of a leak, the Supporting one floor only 4 3 2 1
liquid confinement area is intended to prevent transformer Supporting a roof only 4 3 1 1
dielectric fluid from spreading beyond the vicinity of the

Interior Bearing Walls —transformer, as illustrated in Exhibit 450.16. Further infor-
Supporting more than 4 3 2 1

mation on applications may be found in the Factory Mutual one floor, columns, or
Loss Prevention Data Sheet 5-4/14-8. other bearing walls

Supporting one floor only 3 2 2 1The Underwriters Laboratories Inc. listing is based on
Supporting roofs only 3 2 1 1UL requirements that no tank rupture or noted fluid leakage

occur during low- and high-current arcing fault tests. Further Columns —
information may be obtained from the UL Gas and Oil Supporting more than 4 3 2 1

one floor, columns, orEquipment Directory, under Transformer Fluids (EOVK), or
other bearing wallsfrom the manufacturer.

Supporting one floor only 3 2 2 1
Supporting roofs only 3 2 1 1

Beams, Girders,
Trusses & Arches —

Supporting more 4 3 2 1
than one floor,
columns, or other
bearing walls

Supporting one floor 3 2 2 1
only

Supporting roofs 3 2 1 1
only

Floor Construction 3 2 2 1
Roof Construction 2 11⁄2 1 1
Exterior Nonbearing 0 0 0 0

Walls

*For further information, see NFPA 220, Standard on Types of Building
Construction.
Source: Reprinted from NFPA 220, Standard on Types of Building
Construction, 1999 edition.

The arabic numbers at the top of the fire resistance rating
columns of Commentary Table 450.1 reflect the fire resis-
tance ratings of the following three building elements: exte-
rior bearing walls; columns, beams, girders, trusses and

Exhibit 450.14 A liquid-insulated transformer filled with a listed arches, supporting bearing walls, columns, or loads from
less-flammable liquid having a fire point of at least 300�C. (Cour- more than one floor; and the floor construction.
tesy of Square D Co.) For example, a building of Type I, 443 construction has

4-hour fire-resistance-rated exterior bearing walls; 4-hour
fire-resistance-rated columns, beams, girders, trusses, or

450.24 Nonflammable Fluid- arches; and 3-hour fire-resistance-rated floor construction.
Insulated Transformers Whether a building is of Type I, Type II, or other type is
Transformers insulated with a dielectric fluid identified as determined by the requirements of the building construction
nonflammable shall be permitted to be installed indoors or code that is adopted by a jurisdiction.
outdoors. Such transformers installed indoors and rated over
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450.26Article 450 — Transformers and Transformer Vaults (Including Secondary Ties)

35,000 volts shall be installed in a vault. Such transformers
installed indoors shall be furnished with a liquid confinement
area and a pressure-relief vent. The transformers shall be
furnished with a means for absorbing any gases generated
by arcing inside the tank, or the pressure-relief vent shall
be connected to a chimney or flue that will carry such gases
to an environmentally safe area.

FPN: Safety may be increased if fire hazard analyses
are performed for such transformer installations.

For the purposes of this section, a nonflammable dielec-
tric fluid is one that does not have a flash point or fire point
and is not flammable in air.

Section 450.24 requires a liquid confinement area and a
pressure-relief vent. The liquid confinement area is intended

Transformer

Liquid confinement
area

Side view of liquid-filled transformer

to limit the extent of a spill if the tank leaks or ruptures. If
a means for absorbing gases generated by arcing within the

Exhibit 450.16 Side view of a transformer tank containing atransformer is not provided, the pressure-relief vent must
Factory Mutual Research listed less-flammable fluid, where the

be connected to a chimney or flue that vents to an environ- volume of the confinement area is based on the capacity of the
mentally safe area. tank.

Where installed in a poorly ventilated place, they shall be
furnished with a means for absorbing any gases generated
by arcing inside the case, or the pressure-relief vent shall
be connected to a chimney or flue that carries such gases
outside the building. Askarel-insulated transformers rated
over 35,000 volts shall be installed in a vault.

Askarel-insulated transformers are no longer manufactured.
The information in the Code is for reference and for the
modification of existing askarel-insulated installations.

450.26 Oil-Insulated Transformers

Liquid-confinement area

Distance from
confinement area
to adjacent
combustibles

Top view of liquid-filled transformer

Installed Indoors
Exhibit 450.15 A transformer tank containing a Factory Mutual Oil-insulated transformers installed indoors shall be installed
Research listed less-flammable fluid, where the spacing from in a vault constructed as specified in Part III of this article.
adjacent combustibles to the liquid confinement area is based
on the capacity of the tank. Exception No. 1: Where the total capacity does not exceed

1121⁄2 kVA, the vault specified in Part III of this article shall
The need for a gas absorption system or a chimney or be permitted to be constructed of reinforced concrete that

flue that vents to an environmentally safe area is due to is not less than 100 mm (4 in.) thick.
concerns about products generated during arcing. The high

Exception No. 2: Where the nominal voltage does not exceedarc temperatures may cause the insulating medium to break
600, a vault shall not be required if suitable arrangementsdown, resulting in the evolution of toxic or corrosive com-
are made to prevent a transformer oil fire from igniting otherpounds.
materials and the total capacity in one location does not
exceed 10 kVA in a section of the building classified as

450.25 Askarel-Insulated Transformers combustible or 75 kVA where the surrounding structure is
classified as fire-resistant construction.Installed Indoors

Askarel-insulated transformers installed indoors and rated Exception No. 3: Electric furnace transformers that have a
total rating not exceeding 75 kVA shall be permitted to beover 25 kVA shall be furnished with a pressure-relief vent.

National Electrical Code Handbook 2005 623

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



450.27 Article 450 — Transformers and Transformer Vaults (Including Secondary Ties)

installed without a vault in a building or room of fire- 450.28 Modification of Transformers
resistant construction, provided suitable arrangements are When modifications are made to a transformer in an existing
made to prevent a transformer oil fire from spreading to installation that change the type of the transformer with
other combustible material. respect to Part II of this article, such transformer shall be
Exception No. 4: A transformer that has a total rating not marked to show the type of insulating liquid installed, and
exceeding 75 kVA and a supply voltage of 600 volts or the modified transformer installation shall comply with the
less that is an integral part of charged-particle-accelerating applicable requirements for that type of transformer.
equipment shall be permitted to be installed without a vault
in a building or room of noncombustible or fire-resistant Askarel-insulated transformers are permitted to be modified
construction, provided suitable arrangements are made to by replacing the askarel with either oil or a less-flammable
prevent a transformer oil fire from spreading to other com- liquid. Where such a modification takes place, the completed
bustible material. installation must have the same degree of safety as a new
Exception No. 5: Transformers shall be permitted to be installation. For example, replacement of askarel with oil in
installed in a detached building that does not comply with an indoor installation without a vault may not be acceptable
Part III of this article if neither the building nor its contents (see 450.26 and its exceptions). The same is true if the
present a fire hazard to any other building or property, and replacement liquid is a less-flammable liquid (see 450.23).
if the building is used only in supplying electric service and
the interior is accessible only to qualified persons.

III. Transformer Vaults
Exception No. 6: Oil-insulated transformers shall be per-
mitted to be used without a vault in portable and mobile 450.41 Location
surface mining equipment (such as electric excavators) if Vaults shall be located where they can be ventilated to the
each of the following conditions is met: outside air without using flues or ducts wherever such an

arrangement is practicable.(a) Provision is made for draining leaking fluid to the
ground.

450.42 Walls, Roofs, and Floors
(b) Safe egress is provided for personnel.

The walls and roofs of vaults shall be constructed of materi-
(c) A minimum 6-mm (1⁄4-in.) steel barrier is provided

als that have adequate structural strength for the conditions
for personnel protection.

with a minimum fire resistance of 3 hours. The floors of
vaults in contact with the earth shall be of concrete that is450.27 Oil-Insulated Transformers
not less than 100 mm (4 in.) thick, but where the vault isInstalled Outdoors
constructed with a vacant space or other stories below it,

Combustible material, combustible buildings, and parts of the floor shall have adequate structural strength for the load
buildings, fire escapes, and door and window openings shall imposed thereon and a minimum fire resistance of 3 hours.
be safeguarded from fires originating in oil-insulated trans- For the purposes of this section, studs and wallboard con-
formers installed on roofs, attached to or adjacent to a build- struction shall not be acceptable.
ing or combustible material.

Exception: Where transformers are protected with auto-In cases where the transformer installation presents a
matic sprinkler, water spray, carbon dioxide, or halon, con-fire hazard, one or more of the following safeguards shall
struction of 1-hour rating shall be permitted.be applied according to the degree of hazard involved:

FPN No. 1: For additional information, see ANSI/ASTM(1) Space separations
E119-1995, Method for Fire Tests of Building Construc-(2) Fire-resistant barriers tion and Materials, and NFPA 251-1999, Standard Meth-

(3) Automatic fire suppression systems ods of Tests of Fire Endurance of Building Construction
(4) Enclosures that confine the oil of a ruptured transformer and Materials.

tank FPN No. 2: A typical 3-hour construction is 150 mm (6
in.) thick reinforced concrete.

Oil enclosures shall be permitted to consist of fire-
resistant dikes, curbed areas or basins, or trenches filled with Vaults are intended primarily as passive fire protection. The
coarse, crushed stone. Oil enclosures shall be provided with need for vaults is dictated by the combustibility of the dielec-
trapped drains where the exposure and the quantity of oil tric media and the size of the transformer. Transformers
involved are such that removal of oil is important. insulated with mineral oil have the greatest need for passive

protection, to prevent the spread of burning oil to otherFPN: For additional information on transformers in-
stalled on poles or structures or under ground, see ANSI combustible materials.
C2-2002, National Electrical Safety Code.
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450.47Article 450 — Transformers and Transformer Vaults (Including Secondary Ties)

(A) Location Ventilation openings shall be located as far asAlthough it may be possible to construct a 3-hour-rated
wall using studs and wallboard, this construction method is possible from doors, windows, fire escapes, and combustible

material.not permitted for transformer vaults. A reduction in fire-
resistance rating from 3 hours to 1 hour is permitted for

(B) Arrangement A vault ventilated by natural circulationvaults equipped with an automatic fire suppression system.
of air shall be permitted to have roughly half of the totalThere is less need for a vault around a dry-type trans-
area of openings required for ventilation in one or moreformer of less than 35,000 volts. If the transformer has
openings near the floor and the remainder in one or moreadequate clearance from combustible construction and stor-
openings in the roof or in the sidewalls near the roof, or allage (see 450.21), a fire would be confined to the transformer.
of the area required for ventilation shall be permitted in oneAskarel is no longer manufactured as a transformer-
or more openings in or near the roof.insulating fluid. Askarel-insulated transformers of less than

35,000 volts do not require vaults, because askarel is consid-
(C) Size For a vault ventilated by natural circulation of air

ered a noncombustible fluid. Transformers with a listed less-
to an outdoor area, the combined net area of all ventilating

flammable liquid insulation may be installed without a vault,
openings, after deducting the area occupied by screens, grat-

as permitted in 450.23. See the commentary following
ings, or louvers, shall not be less than 1900 mm2 (3 in.2)

450.23(B)(2), which relates to Type I and Type II building
per kVA of transformer capacity in service, and in no case

construction.
shall the net area be less than 0.1 m2 (1 ft2) for any capacity
under 50 kVA.

450.43 Doorways
(D) Covering Ventilation openings shall be covered withVault doorways shall be protected in accordance with
durable gratings, screens, or louvers, according to the treat-450.43(A), (B), and (C).
ment required in order to avoid unsafe conditions.

(A) Type of Door Each doorway leading into a vault from
the building interior shall be provided with a tight-fitting (E) Dampers All ventilation openings to the indoors shall
door that has a minimum fire rating of 3 hours. The authority be provided with automatic closing fire dampers that operate
having jurisdiction shall be permitted to require such a door in response to a vault fire. Such dampers shall possess a
for an exterior wall opening where conditions warrant. standard fire rating of not less than 11⁄2 hours.

Exception: Where transformers are protected with auto- FPN: See ANSI/UL 555-1995, Standard for Fire
matic sprinkler, water spray, carbon dioxide, or halon, con- Dampers.
struction of 1-hour rating shall be permitted.

(F) Ducts Ventilating ducts shall be constructed of fire-FPN: For additional information, see NFPA 80-1999,
resistant material.Standard for Fire Doors and Fire Windows.

(B) Sills A door sill or curb that is of sufficient height to
450.46 Drainageconfine the oil from the largest transformer within the vault
Where practicable, vaults containing more than 100 kVAshall be provided, and in no case shall the height be less
transformer capacity shall be provided with a drain or otherthan 100 mm (4 in.).
means that will carry off any accumulation of oil or water

(C) Locks Doors shall be equipped with locks, and doors in the vault unless local conditions make this impracticable.
shall be kept locked, access being allowed only to qualified The floor shall be pitched to the drain where provided.
persons. Personnel doors shall swing out and be equipped
with panic bars, pressure plates, or other devices that are

450.47 Water Pipes and Accessoriesnormally latched but open under simple pressure.
Any pipe or duct system foreign to the electrical installation
shall not enter or pass through a transformer vault. PipingSection 450.43 prohibits the use of conventional rotation-
or other facilities provided for vault fire protection, or fortype door knobs on transformer vault doors. It is believed
transformer cooling, shall not be considered foreign to thethat an injured worker attempting to escape from a trans-
electrical installation.former vault may not be able to operate a rotating-type door

knob but would be able to escape through a door equipped
Section 450.47 permits automatic sprinkler protection forwith panic-type hardware.
transformer vaults. Piping or ductwork for cooling of the
transformer is also permitted to be installed in a transformer450.45 Ventilation Openings
vault. No other piping or ductwork is permitted to enter or

Where required by 450.9, openings for ventilation shall be pass through a transformer vault.
provided in accordance with 450.45(A) through 450.45(F).
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450.48 Article 455 — Phase Converters

of such locations. Although their most common loads are450.48 Storage in Vaults
motors, phase converters are increasingly used to supplyMaterials shall not be stored in transformer vaults.
such loads as cellular telephone and other communication
transmitter sites.

ARTICLE 455
Phase Converters 455.2 Definitions

Manufactured Phase. The manufactured or derived phase
originates at the phase converter and is not solidly connectedContents
to either of the single-phase input conductors.I. General

455.1 Scope Phase Converter. An electrical device that converts single-
455.2 Definitions phase power to 3-phase electrical power.
455.3 Other Articles

FPN: Phase converters have characteristics that modify455.4 Marking
the starting torque and locked-rotor current of motors

455.5 Equipment Grounding Connection served, and consideration is required in selecting a phase
455.6 Conductors converter for a specific load.

(A) Ampacity
Rotary-Phase Converter. A device that consists of a rotary(B) Manufactured Phase Marking
transformer and capacitor panel(s) that permits the operation455.7 Overcurrent Protection
of 3-phase loads from a single-phase supply.(A) Variable Loads

(B) Fixed Loads Static-Phase Converter. A device without rotating parts,
455.8 Disconnecting Means sized for a given 3-phase load to permit operation from a

(A) Location single-phase supply.
(B) Type
(C) Rating 455.3 Other Articles
(D) Voltage Ratios

All applicable requirements of this Code shall apply to phase455.9 Connection of Single-Phase Loads
converters except as amended by this article.455.10 Terminal Housings

II. Specific Provisions Applicable to Different Types of
455.4 MarkingPhase Converters
Each phase converter shall be provided with a permanent455.20 Disconnecting Means
nameplate indicating the following:455.21 Start-Up

455.22 Power Interruption (1) Manufacturer’s name
455.23 Capacitors (2) Rated input and output voltages

(3) Frequency
(4) Rated single-phase input full-load amperesI. General
(5) Rated minimum and maximum single load in kilovolt-

455.1 Scope amperes (kVA) or horsepower
(6) Maximum total load in kilovolt-amperes (kVA) orThis article covers the installation and use of phase

horsepowerconverters.
(7) For a rotary-phase converter, 3-phase amperes at full

loadA phase converter is an electrical device that converts single-
phase electrical power to 3-phase, for the operation of equip-

455.5 Equipment Grounding Connectionment that normally operates from a 3-phase electrical supply.
Phase converters are of two types: static, with no moving A means for attachment of an equipment grounding conduc-
parts, and rotary, with an internal rotor that must be rotating tor termination in accordance with 250.8 shall be provided.
before a load is applied (see 455.2 for definitions of rotary-
phase converter and static-phase converter). 455.6 Conductors

Phase converters are most commonly used to supply 3- (A) Ampacity The ampacity of the single-phase supply
phase motor loads in locations where only single-phase conductors shall be determined by 455.6(A)(1) or (A)(2).
power is available from the local utility. Electrical installa-

FPN: Single-phase conductors sized to prevent a voltagetions on farms and in other remote or rural areas are examples
drop not exceeding 3 percent from the source of supply
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455.21Article 455 — Phase Converters

to the phase converter may help ensure proper starting Where only nonmotor loads are served, an ampere-rated
and operation of motor loads. switch shall be permitted.

(1) Variable Loads Where the loads to be supplied are (C) Rating The ampere rating of the disconnecting means
variable, the conductor ampacity shall not be less than 125 shall not be less than 115 percent of the rated maximum
percent of the phase converter nameplate single-phase input single-phase input full-load amperes or, for specific fixed
full-load amperes. loads, shall be permitted to be selected from 455.8(C)(1) or

(C)(2).(2) Fixed Loads Where the phase converter supplies spe-
cific fixed loads, and the conductor ampacity is less than (1) Current Rated Disconnect The disconnecting means
125 percent of the phase converter nameplate single-phase shall be a circuit breaker or molded-case switch with an
input full-load amperes, the conductors shall have an ampac- ampere rating not less than 250 percent of the sum of the
ity not less than 250 percent of the sum of the full-load, following:
3-phase current rating of the motors and other loads served

(1) Full-load, 3-phase current ratings of the motorswhere the input and output voltages of the phase converter
(2) Other loads servedare identical. Where the input and output voltages of the

phase converter are different, the current as determined by (2) Horsepower Rated Disconnect The disconnecting
this section shall be multiplied by the ratio of output to input means shall be a switch with a horsepower rating. The equiv-
voltage. alent locked rotor current of the horsepower rating of the

switch shall not be less than 200 percent of the sum of the(B) Manufactured Phase Marking The manufactured
following:phase conductors shall be identified in all accessible loca-

tions with a distinctive marking. The marking shall be consis- (1) Nonmotor loads
tent throughout the system and premises. (2) The 3-phase, locked-rotor current of the largest motor

as determined from 430.251(B)
455.7 Overcurrent Protection (3) The full-load current of all other 3-phase motors op-

erating at the same timeThe single-phase supply conductors and phase converter
shall be protected from overcurrent by 455.7(A) or 455.7(B).

(D) Voltage Ratios The calculations in 455.8(C) shall
Where the required fuse or nonadjustable circuit breaker

apply directly where the input and output voltages of the
rating or settings of adjustable circuit breakers do not corre-

phase converter are identical. Where the input and output
spond to a standard rating or setting, a higher rating or

voltages of the phase converter are different, the current
setting that does not exceed the next higher standard rating

shall be multiplied by the ratio of the output to input voltage.
shall be permitted.

455.9 Connection of Single-Phase Loads(A) Variable Loads Where the loads to be supplied are
variable, overcurrent protection shall be set at not more than Where single-phase loads are connected on the load side

of a phase converter, they shall not be connected to the125 percent of the phase converter nameplate single-phase
input full-load amperes. manufactured phase.

(B) Fixed Loads Where the phase converter supplies spe- 455.10 Terminal Housings
cific fixed loads and the conductors are sized in accordance

A terminal housing in accordance with the provisions of
with 455.6(A)(2), the conductors shall be protected in accor-

430.12 shall be provided on a phase converter.
dance with their ampacity. The overcurrent protection deter-
mined from this section shall not exceed 125 percent of the II. Specific Provisions Applicable to
phase converter nameplate single-phase input amperes.

Different Types of Phase Converters
455.8 Disconnecting Means 455.20 Disconnecting Means
Means shall be provided to disconnect simultaneously all The single-phase disconnecting means for the input of a
ungrounded single-phase supply conductors to the phase static phase converter shall be permitted to serve as the
converter. disconnecting means for the phase converter and a single

load if the load is within sight of the disconnecting means.
(A) Location The disconnecting means shall be readily ac-
cessible and located in sight from the phase converter. 455.21 Start-Up
(B) Type The disconnecting means shall be a switch rated Power to the utilization equipment shall not be supplied

until the rotary-phase converter has been started.in horsepower, a circuit breaker, or a molded-case switch.
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455.22 Article 460 — Capacitors

460.1 Scope455.22 Power Interruption
This article covers the installation of capacitors on electricUtilization equipment supplied by a rotary-phase converter
circuits.shall be controlled in such a manner that power to the equip-

Surge capacitors or capacitors included as a componentment will be disconnected in the event of a power interrup-
part of other apparatus and conforming with the requirementstion.
of such apparatus are excluded from these requirements.

FPN: Magnetic motor starters, magnetic contactors, and This article also covers the installation of capacitors in
similar devices, with manual or time delay restarting for

hazardous (classified) locations as modified by Articles 501the load, provide restarting after power interruption.
through 503.

455.23 Capacitors
460.2 Enclosing and Guarding

Capacitors that are not an integral part of the rotary-phase
(A) Containing More Than 11 L (3 gal) of Flammableconversion system but are installed for a motor load shall be
Liquid Capacitors containing more than 11 L (3 gal) ofconnected to the line side of that motor overload protective
flammable liquid shall be enclosed in vaults or outdoordevice.
fenced enclosures complying with Article 110, Part III. This
limit shall apply to any single unit in an installation of
capacitors.ARTICLE 460
(B) Accidental Contact Where capacitors are accessibleCapacitors
to unauthorized and unqualified persons, they shall be en-
closed, located, or guarded so that persons cannot come

Contents into accidental contact or bring conducting materials into
460.1 Scope accidental contact with exposed energized parts, terminals,
460.2 Enclosing and Guarding or buses associated with them. However, no additional

(A) Containing More Than 11 L (3 gal) of guarding is required for enclosures accessible only to author-
Flammable Liquid ized and qualified persons.

(B) Accidental Contact
I. 600 Volts, Nominal, and Under Means are required to drain off the stored charge in a capaci-

460.6 Discharge of Stored Energy tor after the supply circuit has been opened. Otherwise, a
(A) Time of Discharge person servicing the equipment could receive a severe shock,
(B) Means of Discharge or damage could occur to the equipment.

460.8 Conductors Exhibit 460.1, diagram (a), shows a method in which
(A) Ampacity capacitors are connected in a motor circuit so that they may
(B) Overcurrent Protection be switched with the motor. In this arrangement, the stored
(C) Disconnecting Means charge drains off through the windings when the circuit is

460.9 Rating or Setting of Motor Overload Device opened. Diagram (b) shows another arrangement in which
460.10 Grounding the capacitor is connected to the line side of the motor starter
460.12 Marking contacts. An automatic discharge device and a separate dis-

II. Over 600 Volts, Nominal connecting means are required.
460.24 Switching As shown in Exhibit 460.2, capacitors are often

(A) Load Current equipped with built-in resistors to drain off the stored charge,
(B) Isolation although this type of capacitor is not needed where connected
(C) Additional Requirements for Series Capacitors as shown in Exhibit 460.1, diagram (a).

460.25 Overcurrent Protection
(A) Provided to Detect and Interrupt Fault Current
(B) Single Pole or Multiple Devices I. 600 Volts, Nominal, and Under
(C) Protected Individually or in Groups

460.6 Discharge of Stored Energy(D) Protective Devices Rated or Adjusted
Capacitors shall be provided with a means of discharging460.26 Identification
stored energy.460.27 Grounding

460.28 Means for Discharge
(A) Time of Discharge The residual voltage of a capacitor(A) Means to Reduce the Residual Voltage
shall be reduced to 50 volts, nominal, or less within 1 minute(B) Connection to Terminals
after the capacitor is disconnected from the source of supply.
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460.8Article 460 — Capacitors

M

(a) (b)

M

Capacitor

Discharge
resistor

Separate
overcurrent
device

Power supply

Switch

Controller

Overload

Short-circuit
ground-fault
protective device

Exhibit 460.1 Methods of connecting capacitors in induction
motor circuit for power factor correction.

(B) Means of Discharge The discharge circuit shall be
either permanently connected to the terminals of the capaci-
tor or capacitor bank or provided with automatic means of
connecting it to the terminals of the capacitor bank on re-
moval of voltage from the line. Manual means of switching
or connecting the discharge circuit shall not be used.

460.8 Conductors
(A) Ampacity The ampacity of capacitor circuit conduc-
tors shall not be less than 135 percent of the rated current
of the capacitor. The ampacity of conductors that connect a
capacitor to the terminals of a motor or to motor circuit
conductors shall not be less than one-third the ampacity of
the motor circuit conductors and in no case less than 135
percent of the rated current of the capacitor.

Exhibit 460.2 Power factor correction capacitors with discharge
(B) Overcurrent Protection An overcurrent device shall resistors.
be provided in each ungrounded conductor for each capacitor
bank. The rating or setting of the overcurrent device shall
be as low as practicable. (C) Disconnecting Means A disconnecting means shall be

provided in each ungrounded conductor for each capacitor
Except as permitted in the exception to 460.8(B), it is in- bank and shall meet the following requirements:
tended that the overcurrent device be separate from the over-

(1) The disconnecting means shall open all ungroundedcurrent device protecting any other equipment or conductor.
conductors simultaneously.See Exhibit 460.1, diagrams (a) and (b).

(2) The disconnecting means shall be permitted to discon-
nect the capacitor from the line as a regular operating

Exception: A separate overcurrent device shall not be re- procedure.
(3) The rating of the disconnecting means shall not be lessquired for a capacitor connected on the load side of a motor

overload protective device. than 135 percent of the rated current of the capacitor.
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460.9 Article 460 — Capacitors

electrical system can place the system in a harmonic reso-Exception: A separate disconnecting means shall not be
required where a capacitor is connected on the load side of nance condition. The harmonic loads can excite the electrical

system at the harmonic resonance frequency and cause over-a motor controller.
current and overvoltage conditions. If capacitors are to be
placed on electrical systems with harmonic loads, an engi-Capacitors are rated in reactive kilovolt-amperes, or kilovars,
neering study that evaluates the size and placement of capaci-which is abbreviated ‘‘kVAr.’’ Sometimes capacitors are
tors and the reactive impedance and load of the systemrated in kilovolt amperes capacitive (kVAc). Both ratings
should be conducted. Capacitors may need a reactor placedare synonymous. The kVAr rating shows how many reactive
in series with them to help detune the electrical system fromkilovolt-amperes the capacitor will supply to cancel out the
a harmonic resonance condition.reactive kilovolt-amperes caused by inductance. For exam-

ple, a 20-kVAr capacitor will cancel out 20 kVA of inductive
reactive kilovolt-amperes. 460.9 Rating or Setting of Motor

The basic capacitor is 3-phase and delta-connected inter- Overload Device
nally, but single-phase and 2-phase units are also available.

Where a motor installation includes a capacitor connectedThe capacitors are constructed with built-in fuses for short-
on the load side of the motor overload device, the rating orcircuit protection and discharge resistors that reduce the
setting of the motor overload device shall be based on thevoltage to a 50-volt crest or less when disconnected from
improved power factor of the motor circuit.the power supply. This occurs within 1 minute on 600-volt

The effect of the capacitor shall be disregarded in de-units and within 5 minutes on 2400- and 4160-volt units.
termining the motor circuit conductor rating in accordanceThe capacitor circuit conductors and disconnecting
with 430.22.means must have an ampacity not less than 135 percent of

the rated current of the capacitor. The reason is that all
Where a capacitor is connected on the load side of thecapacitors are manufactured with a tolerance of zero percent
overload relays, as shown in Exhibit 460.1, diagram (a),to 15 percent, so a 100-kVAr capacitor may actually draw
consideration must be given when selecting the rating ora current equivalent to that of a 115-kVAr capacitor. In
setting of the motor overload device because the line currentaddition, the current drawn by a capacitor varies directly
will be reduced due to an improved power factor. A valuewith the line voltage, and any variation in the line voltage
lower than that indicated in 430.32 should be used for properfrom a pure sine wave form causes the capacitor to draw
protection of the motor.an increased current. Considering these several factors, the

increased current can amount to 135 percent of the rated
current of the capacitor. 460.10 Grounding

The current corresponding to the kVAr rating of a 3-phase
Capacitor cases shall be grounded in accordance with Article

capacitor, Ic, is computed from the following formula:
250.

Exception: Capacitor cases shall not be grounded whereIc �
kVAr � 1000

1.73 volts the capacitor units are supported on a structure designed
to operate at other than ground potential.The ampacity of the conductors and the switching device is

then determined by multiplying Ic by 1.35. The most effec-
460.12 Markingtive power factor correction is obtained where the individual
Each capacitor shall be provided with a nameplate givingcapacitors are connected directly to the terminals of the
the name of the manufacturer, rated voltage, frequency, kilo-motors, transformers, and other inductive machinery.
var or amperes, number of phases, and, if filled with aWhere capacitors are connected and operated as a unit,
combustible liquid, the volume of liquid. Where filled withno complicated calculations are needed to determine the
a nonflammable liquid, the nameplate shall so state. Theproper size capacitor to use. Capacitor manufacturers publish
nameplate shall also indicate whether a capacitor has a dis-tables in which the required capacitor value is obtained by
charge device inside the case.referring to the speed and the horsepower of the motor. These

values improve the motor power factor to approximately 95
II. Over 600 Volts, Nominalpercent. To improve a plant power factor, capacitor manufac-

turers also publish tables to assist in calculating the total 460.24 Switching
kVAr rating of capacitors required to improve the power (A) Load Current Group-operated switches shall be used
factor to any desired value. for capacitor switching and shall be capable of the following:

Care should be given to using capacitors where har-
(1) Carrying continuously not less than 135 percent of themonic-producing loads are present. Adding capacitors to an

rated current of the capacitor installation
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460.28Article 470 — Resistors and Reactors

tors under fault conditions. If a fault current exceeds the(2) Interrupting the maximum continuous load current of
each capacitor, capacitor bank, or capacitor installation limit established for Zone 2, the capacitor tank may burst.
that will be switched as a unit

(3) Withstanding the maximum inrush current, including
460.26 Identificationcontributions from adjacent capacitor installations
Each capacitor shall be provided with a permanent nameplate(4) Carrying currents due to faults on capacitor side of
giving the manufacturer’s name, rated voltage, frequency,switch
kilovar or amperes, number of phases, and the volume of

(B) Isolation liquid identified as flammable, if such is the case.
(1) General A means shall be installed to isolate from all

460.27 Groundingsources of voltage each capacitor, capacitor bank, or capaci-
tor installation that will be removed from service as a unit. Capacitor neutrals and cases, if grounded, shall be grounded
The isolating means shall provide a visible gap in the electri- in accordance with Article 250.
cal circuit adequate for the operating voltage.

Exception: Where the capacitor units are supported on a
(2) Isolating or Disconnecting Switches with No Inter- structure that is designed to operate at other than ground
rupting Rating Isolating or disconnecting switches (with potential.
no interrupting rating) shall be interlocked with the load-

460.28 Means for Dischargeinterrupting device or shall be provided with prominently
displayed caution signs in accordance with 490.22 to prevent (A) Means to Reduce the Residual Voltage A means shall
switching load current. be provided to reduce the residual voltage of a capacitor

to 50 volts or less within 5 minutes after the capacitor is(C) Additional Requirements for Series Capacitors The
disconnected from the source of supply.proper switching sequence shall be ensured by use of one

of the following: (B) Connection to Terminals A discharge circuit shall be
either permanently connected to the terminals of the capaci-(1) Mechanically sequenced isolating and bypass switches
tor or provided with automatic means of connecting it to(2) Interlocks
the terminals of the capacitor bank after disconnection of(3) Switching procedure prominently displayed at the
the capacitor from the source of supply. The windings ofswitching location
motors, transformers, or other equipment directly connected

460.25 Overcurrent Protection to capacitors without a switch or overcurrent device inter-
posed shall meet the requirements of 460.28(A).(A) Provided to Detect and Interrupt Fault Current A

means shall be provided to detect and interrupt fault current
likely to cause dangerous pressure within an individual ca-

ARTICLE 470pacitor.

Resistors and Reactors(B) Single Pole or Multipole Devices Single-pole or
multipole devices shall be permitted for this purpose.

Contents(C) Protected Individually or in Groups Capacitors shall
I. 600 Volts, Nominal, and Underbe permitted to be protected individually or in groups.

470.1 Scope
(D) Protective Devices Rated or Adjusted Protective de- 470.2 Location
vices for capacitors or capacitor equipment shall be rated 470.3 Space Separation
or adjusted to operate within the limits of the safe zone for 470.4 Conductor Insulation
individual capacitors. If the protective devices are rated or II. Over 600 Volts, Nominal
adjusted to operate within the limits for Zone 1 or Zone 2, 470.18 General
the capacitors shall be enclosed or isolated. (A) Protected Against Physical Damage

In no event shall the rating or adjustment of the protec- (B) Isolated by Enclosure or Elevation
tive devices exceed the maximum limit of Zone 2. (C) Combustible Materials

FPN: For definitions of Safe Zone, Zone 1, and Zone 2, (D) Clearances
see ANSI/IEEE 18-1992, Shunt Power Capacitors. (E) Temperature Rise from Induced Circulating

Currents
470.19 GroundingThe reference to Zones 1 and 2 of ANSI/IEEE 18-1992 in

the fine print note pertains to the performance of the capaci- 470.20 Oil-Filled Reactors
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470.1 Article 480 — Storage Batteries

Exception: Other conductor insulations shall be permittedI. 600 Volts, Nominal, and Under
for motor starting service.470.1 Scope

This article covers the installation of separate resistors and II. Over 600 Volts, Nominal
reactors on electric circuits.

470.18 General
(A) Protected Against Physical Damage Resistors and re-Resistors are made in many sizes and shapes and for different
actors shall be protected against physical damage.purposes. They may be wire or ribbon wound, form wound,

edgewise wound, cast grid, punched steel grid, or box resis- (B) Isolated by Enclosure or Elevation Resistors and re-
tors. They may be mounted in the open or in ventilated actors shall be isolated by enclosure or elevation to protect
metal boxes or cabinets, depending on their use and location. personnel from accidental contact with energized parts.
Because they give off heat, resistors must be guarded and

(C) Combustible Materials Resistors and reactors shalllocated at safe distances from combustible materials. Where
not be installed in close enough proximity to combustiblemounted on switchboards or installed in control panels, they
materials to constitute a fire hazard and shall have a clearanceare not required to have additional guards.
of not less than 305 mm (12 in.) from combustible materials.Reactors are installed in a circuit to introduce inductance

for motor starting, combined with a capacitor to make a (D) Clearances Clearances from resistors and reactors to
filter, controlling the current, and paralleling transformers. grounded surfaces shall be adequate for the voltage involved.
Current-limiting reactors are installed to limit the amount

FPN: See Article 490.of current that can flow in a circuit when a short circuit
occurs. Reactors can be divided into two classes: those with (E) Temperature Rise from Induced Circulating Cur-
iron cores and those with no magnetic materials in the wind- rents Metallic enclosures of reactors and adjacent metal
ings. Either type may be air cooled or oil immersed. parts shall be installed so that the temperature rise from

Mechanical stresses exist between adjacent air-core re- induced circulating currents is not hazardous to personnel
actors due to their external fields, and the manufacturer’s or does not constitute a fire hazard.
recommendations should be followed in spacing and bracing
units and fastening supporting insulators. 470.19 Grounding

Saturable reactors may be used for theater dimming
Resistor and reactor cases or enclosures shall be grounded[see 520.25(A) and commentary]. These reactors have, in
in accordance with Article 250.addition to the ac winding, an auxiliary winding connected

line-to-line or line-to-ground, to neutralize charging current Exception: Resistor or reactor cases or enclosures sup-
and prevent a voltage rise. Those reactors used on high- ported on a structure designed to operate at other than
voltage systems may be oil immersed. ground potential shall not be grounded.

470.20 Oil-Filled Reactors
Exception: Resistors and reactors that are component parts Installation of oil-filled reactors, in addition to the above
of other apparatus. requirements, shall comply with applicable requirements of

Article 450.
This article also covers the installation of resistors and

reactors in hazardous (classified) locations as modified by
Articles 501 through 504. ARTICLE 480

Storage Batteries470.2 Location
Resistors and reactors shall not be placed where exposed to
physical damage. Contents

480.1 Scope470.3 Space Separation
480.2 Definitions

A thermal barrier shall be required if the space between the 480.3 Wiring and Equipment Supplied from Batteries
resistors and reactors and any combustible material is less 480.4 Overcurrent Protection for Prime Movers
than 305 mm (12 in.). 480.6 Insulation of Batteries Not Over 250 Volts

(A) Vented Lead-Acid Batteries470.4 Conductor Insulation
(B) Vented Alkaline-Type Batteries

Insulated conductors used for connections between resis- (C) Rubber Jars
tance elements and controllers shall be suitable for an op- (D) Sealed Cells or Batteries
erating temperature of not less than 90�C (194�F).
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480.6Article 480 — Storage Batteries

480.3 Wiring and Equipment Supplied
480.7 Insulation of Batteries of Over 250 Volts

from Batteries480.8 Racks and Trays
Wiring and equipment supplied from storage batteries shall(A) Racks
be subject to the requirements of this Code applying to(B) Trays
wiring and equipment operating at the same voltage, unless480.9 Battery Locations
otherwise permitted by 480.4.(A) Ventilation

(B) Live Parts
480.4 Overcurrent Protection for Prime Movers(C) Working Space

480.10 Vents Overcurrent protection shall not be required for conductors
(A) Vented Cells from a battery rated less than 50 volts if the battery provides
(B) Sealed Cells power for starting, ignition, or control of prime movers.

Section 300.3 shall not apply to these conductors.

480.1 Scope
The overcurrent protection requirements of Article 240The provisions of this article shall apply to all stationary
do not apply to field-installed conductors used for starting,installations of storage batteries.
ignition, or control of prime movers, provided that the
supply source for these conductors is a battery rated less

There are two general types of storage cells: the lead-acid than 50 volts. In addition, the requirement to use single
type and the alkali (nickel-cadmium) type. Basically, a lead- conductors only in conjunction with a Chapter 3 wiring
acid cell consists of a positive plate, usually lead peroxide method is not applicable to battery-powered conductors.
(a semisolid compound) mounted on a framework or grid For example, if it were necessary at a generator location
for support, and a negative plate, made of sponge lead to extend the conductors from the battery to the prime
mounted on a grid. Grids are generally made of a lead alloy, mover starting solenoid, these conductors would not be
such as lead-calcium, lead-antimony, or lead-selenium. The required to have overcurrent protection and could be run
electrolyte is sulfuric acid and distilled water. as open, single conductors.

Lead-acid cells may be of the vented or sealed (valve-
regulated) type. Under normal charging conditions, the
vented type will liberate gases, hydrogen at the negative 480.6 Insulation of Batteries Not Over 250 Volts
plate and oxygen at the positive plate. The valve-regulated

This section shall apply to storage batteries having cells
type provides a means to recombine this gas, thus minimizing

connected so as to operate at a nominal battery voltage of
emissions from the cell.

not over 250 volts.
In the alkali, or nickel-cadmium, battery the principal

active material in the positive plate is nickelous hydroxide; (A) Vented Lead-Acid Batteries Cells and multicompart-
in the negative plate, it is cadmium hydroxide. The electro- ment batteries with covers sealed to containers of noncon-
lyte is potassium hydroxide (an alkali). ductive, heat-resistant material shall not require additional

In stationary installations, nickel-cadmium cells are gen- insulating support.
erally of the vented type and liberate hydrogen and oxygen

(B) Vented Alkaline-Type Batteries Cells with coversduring normal charging. Hermetically sealed nickel-
sealed to jars of nonconductive, heat-resistant material shallcadmium cells are sometimes used, but they require special
require no additional insulation support. Cells in jars ofcharging equipment to prevent gas emissions.
conductive material shall be installed in trays of nonconduc-
tive material with not more than 20 cells (24 volts, nominal)480.2 Definitions
in the series circuit in any one tray.

Nominal Battery Voltage. The voltage calculated on the
(C) Rubber Jars Cells in rubber or composition containersbasis of 2 volts per cell for the lead-acid type and 1.2 volts
shall require no additional insulating support where the totalper cell for the alkali type.
nominal voltage of all cells in series does not exceed 150Sealed Cell or Battery. A sealed cell or battery is one that
volts. Where the total voltage exceeds 150 volts, batterieshas no provision for the addition of water or electrolyte or
shall be sectionalized into groups of 150 volts or less, andfor external measurement of electrolyte specific gravity. The
each group shall have the individual cells installed in traysindividual cells shall be permitted to contain a venting ar-
or on racks.rangement as described in 480.10(B).

(D) Sealed Cells or Batteries Sealed cells and multicom-Storage Battery. A battery comprised of one or more re-
chargeable cells of the lead-acid, nickel-cadmium, or other partment sealed batteries constructed of nonconductive,

heat-resistant material shall not require additional insulatingrechargeable electrochemical types.
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480.7 Article 480 — Storage Batteries

ceiling level, so some form of ventilation should be providedsupport. Batteries constructed of a conducting container shall
have insulating support if a voltage is present between the at the upper portion of the structure. Ventilation can be a

fan, roof ridge vent, or louvered area.container and ground.
Although valve-regulated batteries are often referred to

as ‘‘sealed,’’ they actually emit very small quantities of480.7 Insulation of Batteries of Over 250 Volts
hydrogen gas under normal operation and are capable ofThe provisions of 480.6 shall apply to storage batteries hav-
liberating large quantities of explosive gases if overcharged.ing the cells connected so as to operate at a nominal voltage
These batteries therefore require the same amount of ventila-exceeding 250 volts, and, in addition, the provisions of this
tion as their vented counterparts.section shall also apply to such batteries. Cells shall be

installed in groups having a total nominal voltage of not
over 250 volts. Insulation, which can be air, shall be provided

(B) Live Parts Guarding of live parts shall comply withbetween groups and shall have a minimum separation be-
110.27.tween live battery parts of opposite polarity of 50 mm

(2 in.) for battery voltages not exceeding 600 volts.
Batteries should be located in clean, dry rooms. Batteries
must be arranged to provide sufficient work space for inspec-480.8 Racks and Trays
tion and maintenance. Provisions must also be made forRacks and trays shall comply with 480.8(A) and 480.8(B).
adequate ventilation, to prevent an accumulation of an explo-
sive mixture of the gases from the batteries.(A) Racks Racks, as required in this article, are rigid

The fumes given off by storage batteries are very corro-frames designed to support cells or trays. They shall be
sive; therefore, wiring and its insulation must be of a typesubstantial and be made of one of the following:
that withstands corrosive action (see 310.9). Special precau-

(1) Metal, treated so as to be resistant to deteriorating action tions are necessary to ensure that all metalwork (metal race-
by the electrolyte and provided with nonconducting ways, metal racks, etc.) is designed or treated so as to be
members directly supporting the cells or with continu- corrosion resistant. Manufacturers sometimes suggest that
ous insulating material other than paint on conducting aluminum or plastic conduit be used to withstand the corro-
members sive battery fumes, or, if steel conduit is used, that it be

(2) Other construction such as fiberglass or other suitable zinc coated and corrosion protected with a coating of an
nonconductive materials asphaltum-type paint (see 300.6).

Overcharging heats a battery and causes gassing and(B) Trays Trays are frames, such as crates or shallow boxes
loss of water. A battery should not be allowed to reach

usually of wood or other nonconductive material, con-
temperatures over 110�F, because heat causes a shedding of

structed or treated so as to be resistant to deteriorating action
active materials from the plates, which will eventually form

by the electrolyte.
a sediment buildup in the bottom of the case and short circuit
the plates and the cell. Because mixtures of oxygen and

480.9 Battery Locations hydrogen are highly explosive, flame or sparks should never
Battery locations shall conform to 480.9(A), (B), and (C). be allowed near a cell, especially if the filler cap is removed.

(A) Ventilation Provisions shall be made for sufficient dif-
fusion and ventilation of the gases from the battery to prevent

(C) Working Space Working space about the battery sys-
the accumulation of an explosive mixture.

tems shall comply with 110.26. Working clearance shall be
measured from the edge of the battery rack.

Compliance with 480.9(A) is necessary to prevent classifica-
tion of a battery location as a hazardous (classified) location,

480.10 Ventsin accordance with Article 500.
(A) Vented Cells Each vented cell shall be equipped withIt is not the intent of 480.9(A) to mandate mechanical
a flame arrester that is designed to prevent destruction ofventilation. Hydrogen disperses rapidly and requires little
the cell due to ignition of gases within the cell by an externalair movement to prevent accumulation. Unrestricted natural
spark or flame under normal operating conditions.air movement in the vicinity of the battery, together with

normal air changes for occupied spaces or heat removal,
(B) Sealed Cells Sealed battery or cells shall be equippednormally is sufficient. If the space is confined, mechanical
with a pressure-release vent to prevent excessive accumula-ventilation may be required in the vicinity of the battery.
tion of gas pressure, or the battery or cell shall be designedHydrogen is lighter than air and tends to concentrate at
to prevent scatter of cell parts in event of a cell explosion.
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490.2Article 490 — Equipment, Over 600 Volts, Nominal

ARTICLE 490 490.41 Location of Devices
(A) Control and Instrument Transfer SwitchEquipment, Over 600 Volts,

Handles or PushbuttonsNominal
(B) Infrequently Operated Devices

490.42 Interlocks — Interrupter Switches
490.43 Stored Energy for OpeningSummary of Changes
490.44 Fused Interrupter Switches

• 490.46: Revised to require a ground bus in the high-
(A) Supply Terminals

voltage service compartment of high-voltage switchgear
(B) Backfeed

for the attachment of service cable shields and the
(C) Switching Mechanism

attachment of safety grounds for personnel protection.
490.45 Circuit Breakers — Interlocks

(A) Circuit Breakers
(B) Mechanical Interlocks

490.46 Metal Enclosed and Metal Clad Service
Contents Equipment

IV. Mobile and Portable EquipmentI. General
490.51 General490.1 Scope

(A) Covered490.2 Definition
(B) Other Requirements490.3 Oil-Filled Equipment
(C) ProtectionII. Equipment — Specific Provisions
(D) Disconnecting Means490.21 Circuit-Interrupting Devices

490.52 Overcurrent Protection(A) Circuit Breakers
490.53 Enclosures

(B) Power Fuses and Fuseholders
490.54 Collector Rings

(C) Distribution Cutouts and Fuse Links — 490.55 Power Cable Connections to Mobile Machines
Expulsion Type 490.56 High-Voltage Portable Cable for Main Power

(D) Oil-Filled Cutouts Supply
(E) Load Interrupters V. Electrode-Type Boilers

490.22 Isolating Means 490.70 General
490.23 Voltage Regulators 490.71 Electric Supply System
490.24 Minimum Space Separation 490.72 Branch-Circuit Requirements

III. Equipment — Metal-Enclosed Power Switchgear and (A) Rating
Industrial Control Assemblies (B) Common-Trip Fault-Interrupting Device
490.30 General (C) Phase-Fault Protection
490.31 Arrangement of Devices in Assemblies (D) Ground Current Detection

(E) Grounded Neutral Conductor490.32 Guarding of High-Voltage Energized Parts
490.73 Pressure and Temperature Limit ControlWithin a Compartment
490.74 Grounding490.33 Guarding of Low-Voltage Energized Parts

Within a Compartment
490.34 Clearance for Cable Conductors Entering I. General

Enclosure
490.1 Scope490.35 Accessibility of Energized Parts
This article covers the general requirements for equipment(A) High-Voltage Equipment
operating at more than 600 volts, nominal.(B) Low-Voltage Control Equipment

FPN No. 1: See NFPA 70E-2004, Standard for Electrical(C) High-Voltage Instruments or Control
Safety in the Workplace, for electrical safety requirementsTransformers and Space Heaters
for employee workplaces.

490.36 Grounding
FPN No. 2: For further information on hazard signs and

490.37 Grounding of Devices labels, see ANSI Z535-4, Product Signs and Safety La-
490.38 Door Stops and Cover Plates bels.
490.39 Gas Discharge from Interrupting

490.2 DefinitionDevices
High Voltage. For the purposes of this article, more than490.40 Inspection Windows
600 volts, nominal.
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490.3 Article 490 — Equipment, Over 600 Volts, Nominal

will be required to interrupt, including contributions490.3 Oil-Filled Equipment
from all connected sources of energy.Installation of electrical equipment, other than transformers

(3) The closing rating of a circuit breaker shall not becovered in Article 450, containing more than 38 L (10 gal)
less than the maximum asymmetrical fault current intoof flammable oil per unit shall meet the requirements of
which the circuit breaker can be closed.Parts II and III of Article 450.

(4) The momentary rating of a circuit breaker shall not be
less than the maximum asymmetrical fault current atII. Equipment — Specific Provisions
the point of installation.

(5) The rated maximum voltage of a circuit breaker shall490.21 Circuit-Interrupting Devices
not be less than the maximum circuit voltage.(A) Circuit Breakers

(1) Location (B) Power Fuses and Fuseholders
(a) Circuit breakers installed indoors shall be mounted (1) Use Where fuses are used to protect conductors and

either in metal-enclosed units or fire-resistant cell-mounted equipment, a fuse shall be placed in each ungrounded con-
units, or they shall be permitted to be open-mounted in ductor. Two power fuses shall be permitted to be used in
locations accessible to qualified persons only. parallel to protect the same load if both fuses have identical

(b) Circuit breakers used to control oil-filled transform- ratings and both fuses are installed in an identified common
ers shall either be located outside the transformer vault or mounting with electrical connections that divide the current
be capable of operation from outside the vault. equally. Power fuses of the vented type shall not be used

indoors, under ground, or in metal enclosures unless identi-(c) Oil circuit breakers shall be arranged or located so
fied for the use.that adjacent readily combustible structures or materials are

safeguarded in an approved manner.
(2) Interrupting Rating The interrupting rating of power
fuses shall not be less than the maximum fault current the(2) Operating Characteristics Circuit breakers shall have
fuse is required to interrupt, including contributions fromthe following equipment or operating characteristics:
all connected sources of energy.

(1) An accessible mechanical or other approved means for
(3) Voltage Rating The maximum voltage rating of powermanual tripping, independent of control power.
fuses shall not be less than the maximum circuit voltage.(2) Be release free (trip free).
Fuses having a minimum recommended operating voltage(3) If capable of being opened or closed manually while
shall not be applied below this voltage.energized, main contacts that operate independently of

the speed of the manual operation.
(4) Identification of Fuse Mountings and Fuse Units(4) A mechanical position indicator at the circuit breaker
Fuse mountings and fuse units shall have permanent andto show the open or closed position of the main contacts.
legible nameplates showing the manufacturer’s type or des-(5) A means of indicating the open and closed position of
ignation, continuous current rating, interrupting current rat-the breaker at the point(s) from which they may be
ing, and maximum voltage rating.operated.

(5) Fuses Fuses that expel flame in opening the circuit
(3) Nameplate A circuit breaker shall have a permanent

shall be designed or arranged so that they function properly
and legible nameplate showing manufacturer’s name or

without hazard to persons or property.
trademark, manufacturer’s type or identification number,
continuous current rating, interrupting rating in megavolt- (6) Fuseholders Fuseholders shall be designed or installed
amperes (MVA) or amperes, and maximum voltage rating. so that they are de-energized while a fuse is being replaced.
Modification of a circuit breaker affecting its rating(s) shall

Exception: Fuses and fuseholders designed to permit fusebe accompanied by an appropriate change of nameplate in-
replacement by qualified persons using equipment designedformation.
for the purpose without de-energizing the fuseholder shall
be permitted.(4) Rating Circuit breakers shall have the following rat-

ings:
(7) High-Voltage Fuses Metal-enclosed switchgear and
substations that utilize high-voltage fuses shall be provided(1) The continuous current rating of a circuit breaker shall

not be less than the maximum continuous current with a gang-operated disconnecting switch. Isolation of the
fuses from the circuit shall be provided by either connectingthrough the circuit breaker.

(2) The interrupting rating of a circuit breaker shall not be a switch between the source and the fuses or providing roll-
out switch and fuse-type construction. The switch shall be ofless than the maximum fault current the circuit breaker
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490.21Article 490 — Equipment, Over 600 Volts, Nominal

(2) Interrupting Rating The interrupting rating of oil-the load-interrupter type, unless mechanically or electrically
interlocked with a load-interrupting device arranged to re- filled cutouts shall not be less than the maximum fault current

the oil-filled cutout is required to interrupt, including contri-duce the load to the interrupting capability of the switch.
butions from all connected sources of energy.

Exception: More than one switch shall be permitted as the
disconnecting means for one set of fuses where the switches (3) Voltage Rating The maximum voltage rating of oil-
are installed to provide connection to more than one set of filled cutouts shall not be less than the maximum circuit
supply conductors. The switches shall be mechanically or voltage.
electrically interlocked to permit access to the fuses only
when all switches are open. A conspicuous sign shall be (4) Fault Closing Rating Oil-filled cutouts shall have a
placed at the fuses identifying the presence of more than fault closing rating not less than the maximum asymmetrical
one source. fault current that can occur at the cutout location, unless

suitable interlocks or operating procedures preclude the pos-(C) Distribution Cutouts and Fuse Links —
sibility of closing into a fault.Expulsion Type

(1) Installation Cutouts shall be located so that they may (5) Identification Oil-filled cutouts shall have a permanent
be readily and safely operated and re-fused, and so that the and legible nameplate showing the rated continuous current,
exhaust of the fuses does not endanger persons. Distribution rated maximum voltage, and rated interrupting current.
cutouts shall not be used indoors, underground, or in metal
enclosures. (6) Fuse Links Fuse links shall have a permanent and legi-

ble identification showing the rated continuous current.
(2) Operation Where fused cutouts are not suitable to in-
terrupt the circuit manually while carrying full load, an (7) Location Cutouts shall be located so that they are
approved means shall be installed to interrupt the entire load. readily and safely accessible for re-fusing, with the top of
Unless the fused cutouts are interlocked with the switch to the cutout not over 1.5 m (5 ft) above the floor or platform.
prevent opening of the cutouts under load, a conspicuous
sign shall be placed at such cutouts identifying that they (8) Enclosure Suitable barriers or enclosures shall be pro-
shall not be operated under load. vided to prevent contact with nonshielded cables or ener-

gized parts of oil-filled cutouts.
(3) Interrupting Rating The interrupting rating of distri-
bution cutouts shall not be less than the maximum fault (E) Load Interrupters Load-interrupter switches shall be
current the cutout is required to interrupt, including contribu- permitted if suitable fuses or circuit breakers are used in
tions from all connected sources of energy. conjunction with these devices to interrupt fault currents.

Where these devices are used in combination, they shall be(4) Voltage Rating The maximum voltage rating of cutouts
coordinated electrically so that they will safely withstand

shall not be less than the maximum circuit voltage.
the effects of closing, carrying, or interrupting all possible
currents up to the assigned maximum short-circuit rating.(5) Identification Distribution cutouts shall have on their

Where more than one switch is installed with intercon-body, door, or fuse tube a permanent and legible nameplate
nected load terminals to provide for alternate connection toor identification showing the manufacturer’s type or designa-
different supply conductors, each switch shall be providedtion, continuous current rating, maximum voltage rating,
with a conspicuous sign identifying this hazard.and interrupting rating.

(1) Continuous Current Rating The continuous current(6) Fuse Links Fuse links shall have a permanent and legi-
rating of interrupter switches shall equal or exceed the maxi-ble identification showing continuous current rating and
mum continuous current at the point of installation.type.

(7) Structure Mounted Outdoors The height of cutouts (2) Voltage Rating The maximum voltage rating of inter-
mounted outdoors on structures shall provide safe clearance rupter switches shall equal or exceed the maximum circuit
between lowest energized parts (open or closed position) voltage.
and standing surfaces, in accordance with 110.34(E).

(3) Identification Interrupter switches shall have a perma-
(D) Oil-Filled Cutouts nent and legible nameplate including the following informa-

tion: manufacturer’s type or designation, continuous current(1) Continuous Current Rating The continuous current
rating of oil-filled cutouts shall not be less than the maximum rating, interrupting current rating, fault closing rating, maxi-

mum voltage rating.continuous current through the cutout.
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490.22 Article 490 — Equipment, Over 600 Volts, Nominal

(4) Switching of Conductors The switching mechanism
shall be arranged to be operated from a location where
the operator is not exposed to energized parts and shall be
arranged to open all ungrounded conductors of the circuit
simultaneously with one operation. Switches shall be ar-
ranged to be locked in the open position. Metal-enclosed
switches shall be operable from outside the enclosure.

(5) Stored Energy for Opening The stored-energy opera-
tor shall be permitted to be left in the uncharged position
after the switch has been closed if a single movement of the
operating handle charges the operator and opens the switch.

(6) Supply Terminals The supply terminals of fused inter-
rupter switches shall be installed at the top of the switch
enclosure, or, if the terminals are located elsewhere, the
equipment shall have barriers installed so as to prevent per-
sons from accidentally contacting energized parts or drop-
ping tools or fuses into energized parts.

See Exhibits 490.1 and 490.2 for an example of a fused
interrupter switch and the fuseholder components.

Exhibit 490.2 Components of the indoor solid-material (SM)
power fuseholder (boric-acid arc-extinguishing type) with a
14.4 kV, 400E-ampere maximum, 40,000-ampere rms asymmet-
rical interrupting rating. Shown here are the spring and cable
assembly, refill unit, holder, and snuffler. (Courtesy of S&C Elec-
tric Co.)

490.22 Isolating Means
Means shall be provided to completely isolate an item of
equipment. The use of isolating switches shall not be re-
quired where there are other ways of de-energizing the equip-
ment for inspection and repairs, such as draw-out-type metal-
enclosed switchgear units and removable truck panels.

Isolating switches not interlocked with an approved
circuit-interrupting device shall be provided with a sign
warning against opening them under load.

A fuseholder and fuse, designed for the purpose, shall
be permitted as an isolating switch.

490.23 Voltage Regulators
Proper switching sequence for regulators shall be ensured
by use of one of the following:

Exhibit 490.1 Group-operated interrupter-switch and powerfuse (1) Mechanically sequenced regulator bypass switch(es)
combination rated at 13.8 kV, 600 amperes continuous and inter-

(2) Mechanical interlocksrupting, 40,000 amperes momentary, 40,000 amperes fault clos-
(3) Switching procedure prominently displayed at theing. (Courtesy of S&C Electric Co.)

switching location
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490.32Article 490 — Equipment, Over 600 Volts, Nominal

490.24 Minimum Space Separation For the control and protection of feeders leaving a substation,
Exhibit 490.3 illustrates a typical example of modern, metal-In field-fabricated installations, the minimum air separation
enclosed switchgear. This industrial unit substation includesbetween bare live conductors and between such conductors
a high-voltage disconnect switch, transformer, and low-volt-and adjacent grounded surfaces shall not be less than the
age switchgear with a fully functioning ground-fault relayvalues given in Table 490.24. These values shall not apply to
protection system.interior portions or exterior terminals of equipment designed,

Indicator instruments, such as voltmeters, ammeters,manufactured, and tested in accordance with accepted na-
wattmeters, and protective relays, may be mounted on thetional standards.
panel doors as desired. This switchgear affords a high degree
of safety because all live parts are metal-enclosed, and inter-
locks are provided for safe operation.III. Equipment — Metal-Enclosed

Power Switchgear and Industrial
Control Assemblies 490.31 Arrangement of Devices in Assemblies

Arrangement of devices in assemblies shall be such that490.30 General
individual components can safely perform their intendedThis part covers assemblies of metal-enclosed power
function without adversely affecting the safe operation ofswitchgear and industrial control, including but not limited
other components in the assembly.to switches, interrupting devices and their control, metering,

protection and regulating equipment, where an integral part
490.32 Guarding of High-Voltage Energizedof the assembly, with associated interconnections and sup-
Parts Within a Compartmentporting structures. This part also includes metal-enclosed

power switchgear assemblies that form a part of unit substa- Where access for other than visual inspection is required to
a compartment that contains energized high-voltage parts,tions, power centers, or similar equipment.

Table 490.24 Minimum Clearance of Live Parts*

Minimum Clearance of Live Parts

Phase-to-Phase Phase-to-Ground
Nominal Impulse Withstand,
Voltage B.I.L (kV) Indoors Outdoors Indoors Outdoors
Rating
(kV) Indoors Outdoors mm in. mm in. mm in. mm in.

2.4–4.16 60 95 115 4.5 180 7 80 3.0 155 6
7.2 75 95 140 5.5 180 7 105 4.0 155 6

13.8 95 110 195 7.5 305 12 130 5.0 180 7
14.4 110 110 230 9.0 305 12 170 6.5 180 7

23 125 150 270 10.5 385 15 190 7.5 255 10
34.5 150 150 320 12.5 385 15 245 9.5 255 10

200 200 460 18.0 460 18 335 13.0 335 13
46 — 200 — — 460 18 — — 335 13

— 250 — — 535 21 — — 435 17
69 — 250 — — 535 21 — — 435 17

— 350 — — 790 31 — — 635 25
115 — 550 — — 1350 53 — — 1070 42
138 — 550 — — 1350 53 — — 1070 42

— 650 — — 1605 63 — — 1270 50
161 — 650 — — 1605 63 — — 1270 50

— 750 — — 1830 72 — — 1475 58
230 — 750 — — 1830 72 — — 1475 58

— 900 — — 2265 89 — — 1805 71
— 1050 — — 2670 105 — — 2110 83

*The values given are the minimum clearance for rigid parts and bare conductors under favorable service conditions. They shall be increased for
conductor movement or under unfavorable service conditions or wherever space limitations permit. The selection of the associated impulse withstand
voltage for a particular system voltage is determined by the characteristics of the surge protective equipment.
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490.33 Article 490 — Equipment, Over 600 Volts, Nominal

the fuse holder shall only be permitted for use by qualified
persons.

490.33 Guarding of Low-Voltage Energized
Parts Within a Compartment
Energized bare parts mounted on doors shall be guarded
where the door must be opened for maintenance of equip-
ment or removal of draw-out equipment.

490.34 Clearance for Cable Conductors
Entering Enclosure
The unobstructed space opposite terminals or opposite race-
ways or cables entering a switchgear or control assembly

Exhibit 490.3 An assembly of metal-enclosed switchgear. shall be adequate for the type of conductor and method of
(Courtesy of Square D Co.)

termination.

An example of a high-voltage pad-mounted transformer and
490.35 Accessibility of Energized Partsenclosure that may contain primary and secondary switches

or circuit breakers is shown in Exhibit 490.4. (A) High-Voltage Equipment Doors that would provide
unqualified persons access to high-voltage energized parts
shall be locked.

(B) Low-Voltage Control Equipment Low-voltage con-
trol equipment, relays, motors, and the like shall not be
installed in compartments with exposed high-voltage ener-
gized parts or high-voltage wiring unless either of the follow-
ing conditions is met:

(1) The access means is interlocked with the high-voltage
switch or disconnecting means to prevent the access
means from being opened or removed.

(2) The high-voltage switch or disconnecting means is in
the isolating position.

(C) High-Voltage Instruments or Control Transformers
and Space Heaters High-voltage instrument or control
transformers and space heaters shall be permitted to be in-
stalled in the high-voltage compartment without access re-
strictions beyond those that apply to the high-voltage
compartment generally.

Exhibit 490.4 A 300-kVA, 15-kV pad-mounted transformer inte-
gral unit containing a primary hookstick-operated switch with a 490.36 Grounding
limited number of secondary breakers or switches. (Courtesy of

Frames of switchgear and control assemblies shall beSquare D Co.)
grounded.

490.37 Grounding of Devicesbarriers shall be provided to prevent accidental contact by
persons, tools, or other equipment with energized parts. Ex- Devices with metal cases or frames, or both, such as instru-

ments, relays, meters, and instrument and control transform-posed live parts shall only be permitted in compartments
accessible to qualified persons. Fuses and fuseholders de- ers, located in or on switchgear or control, shall have the

frame or case grounded.signed to enable future replacement without de-energizing
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490.51Article 490 — Equipment, Over 600 Volts, Nominal

(B) Backfeed Where fuses can be energized by backfeed,490.38 Door Stops and Cover Plates
a sign shall be placed on the enclosure door identifying thisExternal hinged doors or covers shall be provided with stops
hazard.to hold them in the open position. Cover plates intended to

be removed for inspection of energized parts or wiring shall (C) Switching Mechanism The switching mechanism
be equipped with lifting handles and shall not exceed 1.1 shall be arranged to be operated from a location outside the
m2 (12 ft2) in area or 27 kg (60 lb) in weight, unless they enclosure where the operator is not exposed to energized
are hinged and bolted or locked. parts and shall be arranged to open all ungrounded conduc-

tors of the circuit simultaneously with one operation.
490.39 Gas Discharge from Interrupting Devices Switches shall be capable of being locked in the open posi-

tion.Gas discharged during operating of interrupting devices shall
be directed so as not to endanger personnel.

490.45 Circuit Breakers — Interlocks
(A) Circuit Breakers Circuit breakers equipped with490.40 Inspection Windows
stored energy mechanisms shall be designed to prevent theWindows intended for inspection of disconnecting switches
release of the stored energy unless the mechanism has beenor other devices shall be of suitable transparent material.
fully charged.

490.41 Location of Devices (B) Mechanical Interlocks Mechanical interlocks shall be
provided in the housing to prevent the complete withdrawal(A) Control and Instrument Transfer Switch Handles or
of the circuit breaker from the housing when the storedPushbuttons Control and instrument transfer switch han-
energy mechanism is in the fully charged position, unless adles or pushbuttons other than those covered in 490.41(B)
suitable device is provided to block the closing function ofshall be in a readily accessible location at an elevation of
the circuit breaker before complete withdrawal.not over 2.0 m (78 in.).

Exception: Operating handles requiring more than 23 kg 490.46 Metal Enclosed and Metal Clad
(50 lb) of force shall be located no higher than 1.7 m (66 Service Equipment
in.) in either the open or closed position.

Metal enclosed and metal clad switchgear installed as high-
voltage service equipment shall include a ground bus for(B) Infrequently Operated Devices Operating handles for
the connection of service cable shields and to facilitate theinfrequently operated devices, such as drawout fuses, fused
attachment of safety grounds for personnel protection. Thispotential or control transformers and their primary discon-
bus shall be extended into the compartment where the servicenects, and bus transfer switches, shall be permitted to be
conductors are terminated.located where they are safely operable and serviceable from

a portable platform.
Section 490.46 was added to the 2005 Code to require metal-

490.42 Interlocks — Interrupter Switches enclosed and metal-clad switchgear to include a ground bus
for the service cable shields. It also provides a location forInterrupter switches equipped with stored energy mecha-
the connection of safety grounds for personnel protectionnisms shall have mechanical interlocks to prevent access to
during servicing of the equipment. The bus must extend tothe switch compartment unless the stored energy mechanism
the compartment where the service conductors terminals areis in the discharged or blocked position.
located.

490.43 Stored Energy for Opening
The stored energy operator shall be permitted to be left in IV. Mobile and Portable Equipment
the uncharged position after the switch has been closed if a 490.51 General
single movement of the operating handle charges the opera-

(A) Covered The provisions of this part shall apply to in-tor and opens the switch.
stallations and use of high-voltage power distribution and
utilization equipment that is portable, mobile, or both, such490.44 Fused Interrupter Switches
as substations and switch houses mounted on skids, trailers,(A) Supply Terminals The supply terminals of fused inter-
or cars; mobile shovels; draglines; cranes; hoists; drills;

rupter switches shall be installed at the top of the switch
dredges; compressors; pumps; conveyors; underground ex-

enclosure or, if the terminals are located elsewhere, the
cavators; and the like.

equipment shall have barriers installed so as to prevent per-
sons from accidentally contacting energized parts or drop- (B) Other Requirements The requirements of this part

shall be additional to, or amendatory of, those prescribed inping tools or fuses into energized parts.
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490.52 Article 490 — Equipment, Over 600 Volts, Nominal

Articles 100 through 725 of this Code. Special attention DANGER — HIGH VOLTAGE — KEEP OUT.
shall be paid to Article 250.

490.56 High-Voltage Portable Cable for Main
(C) Protection Adequate enclosures, guarding, or both, Power Supply
shall be provided to protect portable and mobile equipment

Flexible high-voltage cable supplying power to portable orfrom physical damage.
mobile equipment shall comply with Article 250 and Article

(D) Disconnecting Means Disconnecting means shall be 400, Part III.
installed for mobile and portable high-voltage equipment
according to the requirements of Part VIII of Article 230 V. Electrode-Type Boilers
and shall disconnect all ungrounded conductors.

490.70 General
The provisions of this part shall apply to boilers operating490.52 Overcurrent Protection
over 600 volts, nominal, in which heat is generated by theMotors driving single or multiple dc generators supplying
passage of current between electrodes through the liquida system operating on a cyclic load basis do not require
being heated.overload protection, provided that the thermal rating of the

ac drive motor cannot be exceeded under any operating
490.71 Electric Supply Systemcondition. The branch-circuit protective device(s) shall pro-
Electrode-type boilers shall be supplied only from a 3-phase,vide short-circuit and locked-rotor protection and shall be
4-wire solidly grounded wye system, or from isolating trans-permitted to be external to the equipment.
formers arranged to provide such a system. Control circuit
voltages shall not exceed 150 volts, shall be supplied from490.53 Enclosures
a grounded system, and shall have the controls in the un-All energized switching and control parts shall be enclosed
grounded conductor.in effectively grounded metal cabinets or enclosures. These

cabinets or enclosures shall be marked ‘‘DANGER — HIGH
490.72 Branch-Circuit RequirementsVOLTAGE — KEEP OUT’’ and shall be locked so that

only authorized and qualified persons can enter. Circuit (A) Rating Each boiler shall be supplied from an individual
breakers and protective equipment shall have the operating branch circuit rated not less than 100 percent of the total
means projecting through the metal cabinet or enclosure so load.
these units can be reset without opening locked doors. With

(B) Common-Trip Fault-Interrupting Device The circuitdoors closed, reasonable safe access for normal operation
shall be protected by a 3-phase, common-trip fault-inter-of these units shall be provided.
rupting device, which shall be permitted to automatically
reclose the circuit upon removal of an overload condition490.54 Collector Rings
but shall not reclose after a fault condition.

The collector ring assemblies on revolving-type machines
(shovels, draglines, etc.) shall be guarded to prevent acciden- (C) Phase-Fault Protection Phase-fault protection shall be
tal contact with energized parts by personnel on or off the provided in each phase, consisting of a separate phase-over-
machine. current relay connected to a separate current transformer in

the phase.
490.55 Power Cable Connections to

(D) Ground Current Detection Means shall be providedMobile Machines
for detection of the sum of the neutral and ground currentsA metallic enclosure shall be provided on the mobile ma-
and shall trip the circuit-interrupting device if the sum ofchine for enclosing the terminals of the power cable. The
those currents exceeds the greater of 5 amperes or 71⁄2 percentenclosure shall include provisions for a solid connection for
of the boiler full-load current for 10 seconds or exceeds anthe ground wire(s) terminal to effectively ground the ma-
instantaneous value of 25 percent of the boiler full-loadchine frame. Ungrounded conductors shall be attached to
current.insulators or be terminated in approved high-voltage cable

couplers (which include ground wire connectors) of proper (E) Grounded Neutral Conductor The grounded neutral
voltage and ampere rating. The method of cable termination conductor shall be as follows:
used shall prevent any strain or pull on the cable from
stressing the electrical connections. The enclosure shall have (1) Connected to the pressure vessel containing the elec-

trodesprovision for locking so only authorized and qualified per-
sons may open it and shall be marked (2) Insulated for not less than 600 volts
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490.74Article 490 — Equipment, Over 600 Volts, Nominal

(3) Have not less than the ampacity of the largest un- Such means shall be in addition to the temperature, pressure,
or both, regulating systems and pressure relief or safetygrounded branch-circuit conductor

(4) Installed with the ungrounded conductors in the same valves.
raceway, cable, or cable tray, or, where installed as
open conductors, in close proximity to the ungrounded
conductors 490.74 Grounding

(5) Not used for any other circuit All exposed non–current-carrying metal parts of the boiler
and associated exposed grounded structures or equipment

490.73 Pressure and Temperature Limit Control shall be bonded to the pressure vessel or to the neutral
conductor to which the vessel is connected in accordanceEach boiler shall be equipped with a means to limit the

maximum temperature, pressure, or both, by directly or indi- with 250.102, except the ampacity of the bonding jumper
shall not be less than the ampacity of the neutral conductor.rectly interrupting all current flow through the electrodes.
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5
Special Occupancies

646Article 500 Hazardous (Classified) Locations, 800Article 518 Assembly Occupancies
805Article 520 Theaters, Audience Areas ofClasses I, II, and III, Divisions 1

and 2 Motion Picture and Television
Studios, Performance Areas, and671Article 501 Class I Locations

698Article 502 Class II Locations Similar Locations
823Article 525 Carnivals, Circuses, Fairs, and708Article 503 Class III Locations

713Article 504 Intrinsically Safe Locations Similar Events
826Article 530 Motion Picture and Television718Article 505 Class I, Zone 0, 1, and 2 Locations

735Article 506 Zone 20, 21, and 22 Locations for Studios and Similar Locations
831Article 540 Motion Picture Projection RoomsCombustible Dusts, Fibers, and

Flyings 834Article 545 Manufactured Buildings
835Article 547 Agricultural Buildings741Article 510 Hazardous (Classified)

Locations—Specific 841Article 550 Mobile Homes, Manufactured
Homes, and Mobile Home Parks741Article 511 Commercial Garages, Repair and

Storage 853Article 551 Recreational Vehicles and
Recreational Vehicle Parks748Article 513 Aircraft Hangars

752Article 514 Motor Fuel Dispensing Facilities 869Article 552 Park Trailers
880Article 553 Floating Buildings759Article 515 Bulk Storage Plants

766Article 516 Spray Application, Dipping, and 882Article 555 Marinas and Boatyards
888Article 590 Temporary InstallationsCoating Processes

774Article 517 Health Care Facilities
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500.1 Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

ARTICLE 500 (D) Threading
(E) Fiber Optic Cable AssemblyHazardous (Classified) Locations,

500.9 Specific OccupanciesClasses I, II, and III, Divisions
1 and 2

FPN: Rules that are followed by a reference in brackets
contain text that has been extracted from NFPA 497,
Recommended Practice for the Classification of Flamma-Summary of Changes
ble Liquids, Gases, or Vapors and of Hazardous (Classi-

• 500.2: Revised definition of purged and pressurized for fied) Locations for Electrical Installations in Chemical
correlation with NFPA 496 and also to clarify that pressur- Process Areas, 2004 edition, and NFPA 499, Recom-

mended Practice for the Classification of Combustibleization is an acceptable protection technique for Class II
Dusts and of Hazardous (Classified) Locations for Elec-and Class III locations.
trical Installation in Chemical Process Areas, 2004 edi-

• 500.7(K): Added requirement that the type of detection tion. Only editorial changes were made to the extracted
text to make it consistent with this Code.equipment, its listing, installation location(s), alarm and

shutdown criteria, and calibration frequency be docu-
mented when combustible gas detectors are used as a 500.1 Scope — Articles 500 Through 504
protection technique. Articles 500 through 504 cover the requirements for electri-

cal and electronic equipment and wiring for all voltages in
Class I, Divisions 1 and 2; Class II, Divisions 1 and 2; and
Class III, Divisions 1 and 2 locations where fire or explosion
hazards may exist due to flammable gases or vapors, flamma-Contents
ble liquids, combustible dust, or ignitible fibers or flyings.500.1 Scope — Articles 500 Through 504

500.2 Definitions
500.3 Other Articles Article 500 is limited to locations classified as Class I, II,

or III, Division 1 or 2. Article 505 contains the requirements500.4 General
(A) Documentation for using the Class I, Zone 0, Zone 1, and Zone 2 method

of area classification in accordance with the International(B) Reference Standards
500.5 Classifications of Locations Electrotechnical Commission standard IEC 60079-10, Elec-

trical Apparatus for Explosive Gas Atmospheres.(A) Classifications of Locations
(B) Class I Locations See the commentary following 505.1. New in the 2005

Code, Article 506 provides the requirements for using the(C) Class II Locations
(D) Class III Locations Class II or Class III, Zone 20, Zone 21, and Zone 22 method

of area classification in accordance with IEC 61241-10,500.6 Material Groups
(A) Class I Group Classifications Electrical Apparatus for Use in the Presence of Combustible

Dust — Part 10: Classification of Areas Where Combustible(B) Class II Group Classifications
500.7 Protection Techniques Dusts Are or May Be Present.

The Code does not classify areas where the manufacture,(A) Explosionproof Apparatus
(B) Dust Ignitionproof transportation, storage, or use of explosive materials, such as

ammunition, dynamite, and blasting powder, occurs. Areas(C) Dusttight
(D) Purged and Pressurized where such materials are present are not considered hazard-

ous (classified) locations in accordance with Article 500.(E) Intrinsic Safety
(F) Nonincendive Circuit However, many organizations responsible for the safety of

such areas require equipment and wiring methods suitable(G) Nonincendive Equipment
(H) Nonincendive Component for hazardous locations as part of many safety precautions,

even though the equipment and wiring have not been investi-(I) Oil Immersion
(J) Hermetically Sealed gated for such locations. The logic is that hazardous location

equipment and wiring methods are safer than ordinary loca-(K) Combustible Gas Detection System
(L) Other Protection Techniques tion equipment and wiring methods. Further information

on these locations can be found in NFPA 495, Explosive500.8 Equipment
(A) Approval for Class and Properties Materials Code.

The NEC does not classify specific Class I, Class II,(B) Marking
(C) Temperature and Class III locations. NFPA technical committees with the
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500.2Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

Combustible metallic dusts are not covered by Article 506.experience and expertise of working with flammable liquids,
gases, vapors, dusts, and flyings that are inherent to a process This is similar to Article 505, which covers zone classifica-

tion as an alternative to the division classification systemor that may be present under abnormal conditions of opera-
tion determine the parameters, distances, and degrees of covered in Article 500.
hazard associated with classified locations. Some of this
information has been extracted from other NFPA documents
and is included in Articles 511 through 517 of the Code. 500.2 Definitions

Articles 500 through 506 cover the requirements for For purposes of Articles 500 through 504 and Articles 510
electrical installations in locations that are classified as haz- through 516, the following definitions apply.
ardous locations due to the materials handled, processed, or

Associated Nonincendive Field Wiring Apparatus. Ap-stored in those locations. Some of the most common materi-
paratus in which the circuits are not necessarily nonincendiveals encountered in hazardous (classified) locations are flam-
themselves but that affect the energy in nonincendive fieldmable liquids. A flammable liquid is one that has a flash
wiring circuits and are relied upon to maintain nonincendivepoint below 100�F. A flammable or combustible liquid must
energy levels. Associated nonincendive field wiring appara-be at its flash point for an explosion to occur. No. 1-D diesel
tus may be either of the following:fuel oil and kerosene have flash points higher than 100�F

and therefore do not emit flammable vapors unless heated
(1) Electrical apparatus that has an alternative type of pro-above their flash points. They are considered combustible

tection for use in the appropriate hazardous (classified)liquids.
locationFor information on hazardous locations in general, in-

(2) Electrical apparatus not so protected that shall not becluding background on the classification of areas, equipment
used in a hazardous (classified) locationprotection systems, ignition sources, static electricity and

lightning, and requirements that apply outside the United FPN: Associated nonincendive field wiring apparatus
States, see Electrical Installations in Hazardous Locations, has designated associated nonincendive field wiring ap-

paratus connections for nonincendive field wiring appara-by Peter J. Schram and Mark W. Earley. This book is avail-
tus and may also have connections for other electricalable from NFPA.
apparatus.

Combustible Gas Detection System. A protection tech-FPN No. 1: The unique hazards associated with explo-
sives, pyrotechnics, and blasting agents are not addressed nique utilizing stationary gas detectors in industrial estab-
in this article. lishments.

Control Drawing. A drawing or other document providedFPN No. 1 was added to the 2005 Code to alert users that
by the manufacturer of the intrinsically safe or associatedexplosives, pyrotechnics, and blasting agents are not covered
apparatus, or of the nonincendive field wiring apparatus orby the Code. These materials are unique in that they can be
associated nonincendive field wiring apparatus, that detailsset off by bumping, jarring, and static charges from various
the allowed interconnections between the intrinsically safesources, in addition to electrical arcs, sparks, or heat.
and associated apparatus or between the nonincendive field
wiring apparatus or associated nonincendive field wiring

FPN No. 2: For the requirements for electrical and elec- apparatus.
tronic equipment and wiring for all voltages in Class I,
Zone 0, Zone 1, and Zone 2 hazardous (classified) loca- Dust-Ignitionproof. Equipment enclosed in a manner that
tions where fire or explosion hazards may exist due to excludes dusts and does not permit arcs, sparks, or heat
flammable gases or vapors or flammable liquids, refer

otherwise generated or liberated inside of the enclosure toto Article 505.
cause ignition of exterior accumulations or atmospheric sus-FPN No. 3: For the requirements for electrical and elec-
pensions of a specified dust on or in the vicinity of thetronic equipment and wiring for all voltages in Zone 20,
enclosure.Zone 21, and Zone 22 hazardous (classified) locations

where fire or explosion hazards may exist due to combus-
tible dusts or ignitible fibers or flyings, refer to Article FPN: For further information on dust-ignitionproof en-
506. closures, see Type 9 enclosure in ANSI/NEMA 250-

1991, Enclosures for Electrical Equipment, and ANSI/
UL 1203-1994, Explosionproof and Dust-Ignitionproof

FPN No. 3 was added to the 2005 Code to alert users that Electrical Equipment for Hazardous (Classified) Loca-
a new article, Article 506, was developed to cover the re- tions.
quirements for zone classification in locations where com-

Dusttight. Enclosures constructed so that dust will not enterbustible dusts, fibers, and flyings may be present.
under specified test conditions.
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500.2 Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

FPN: See ANSI/ISA 12.12.01-2000, Nonincendive Elec- Nonincendive Equipment. Equipment having electrical/
trical Equipment for Use in Class I and II, Division 2, electronic circuitry that is incapable, under normal operating
and Class III, Divisions 1 and 2 Hazardous (Classified)

conditions, of causing ignition of a specified flammableLocations, and UL 1604-1994, Electrical Equipment for
gas–air, vapor–air, or dust–air mixture due to arcing or ther-Use in Class I and II, Division 2 and Class III Hazardous

(Classified) Locations. mal means.

Electrical and Electronic Equipment. Materials, fittings, FPN: For further information, see ANSI/ISA 12.12.01-
devices, appliances, and the like that are part of, or in connec- 2000, Nonincendive Electrical Equipment for Use in

Class I and II, Division 2, and Class III, Divisions 1 andtion with, an electrical installation.
2 Hazardous (Classified) Locations.

FPN: Portable or transportable equipment having self-
contained power supplies, such as battery-operated Nonincendive Field Wiring. Wiring that enters or leaves
equipment, could potentially become an ignition source an equipment enclosure and, under normal operating condi-
in hazardous (classified) locations. See ISA-RP12.12.03- tions of the equipment, is not capable, due to arcing or2002, Portable Electronic Products Suitable for Use in

thermal effects, of igniting the flammable gas–air, vapor–air,Class I and II, Division 2, Class I Zone 2 and Class III,
or dust–air mixture. Normal operation includes opening,Division 1 and 2 Hazardous (Classified) Locations.
shorting, or grounding the field wiring.Explosionproof Apparatus. Apparatus enclosed in a case

that is capable of withstanding an explosion of a specified
A nonincendive circuit employs a protection technique thatgas or vapor that may occur within it and of preventing the
prevents electrical circuits from causing a fire or explosionignition of a specified gas or vapor surrounding the enclosure
in a hazardous (classified) location. Section 500.7(F) pointsby sparks, flashes, or explosion of the gas or vapor within,
out that this protection technique is permitted only forand that operates at such an external temperature that a
Division 2 areas of Class I or Class II locations and forsurrounding flammable atmosphere will not be ignited
Division 1 or 2 areas of Class III locations. Nonincendivethereby.
circuits are not permitted in Division 1 areas of Class I or

FPN: For further information, see ANSI/UL 1203-1994,
Class II locations. Nonincendive circuits and equipment areExplosion-Proof and Dust-Ignition-Proof Electrical
tested or evaluated essentially in the same way that intrinsi-Equipment for Use in Hazardous (Classified) Locations.
cally safe circuits and equipment are tested and evaluated,

Hermetically Sealed. Equipment sealed against the en- except that abnormal conditions are not considered. Because
trance of an external atmosphere where the seal is made by of its definition, a nonincendive circuit is a low-energy
fusion, for example, soldering, brazing, welding, or the fu- circuit.
sion of glass to metal. The definition of nonincendive field wiring was added

FPN: For further information, see ANSI/ISA 12.12.01- to Article 100 of the 1999 Code to alert users that, although
2000, Nonincendive Electrical Equipment for Use in the circuits and equipment may have been evaluated and
Class I and II, Division 2, and Class III, Division 1 and approved as nonincendive, field wiring is not generally ap-
2 Hazardous (Classified) Locations.

proved by a testing laboratory. The definition was moved
Nonincendive Circuit. A circuit, other than field wiring, from Article 100 and now appears in 500.2. Field wiring
in which any arc or thermal effect produced under intended meeting this definition would require limitations of energy
operating conditions of the equipment is not capable, under on the wiring under conditions such as opening, shorting,
specified test conditions, of igniting the flammable gas–air, or grounding. For example, stored energy in the form of
vapor–air, or dust–air mixture. mutual inductance or capacitance could be released during

an opening, shorting, or grounding of nonincendive fieldFPN: Conditions are described in ANSI/ISA 12.12.01-
2000, Nonincendive Electrical Equipment for Use in wiring, thus defeating the purpose of this protection tech-
Class I and II, Division 2, and Class III, Divisions 1 and nique. Further information regarding nonincendive protec-
2 Hazardous (Classified) Locations. tion techniques is found in the 500.2 definitions of

nonincendive circuit, nonincendive component, nonincen-Nonincendive Component. A component having contacts
dive equipment, and nonincendive field wiring apparatus.for making or breaking an incendive circuit and the con-

tacting mechanism is constructed so that the component is
incapable of igniting the specified flammable gas–air or

Nonincendive Field Wiring Apparatus. Apparatus in-vapor–air mixture. The housing of a nonincendive compo-
tended to be connected to nonincendive field wiring.nent is not intended to exclude the flammable atmosphere

or contain an explosion.
FPN: For further information see ANSI/ISA 12.12.01-
2000, Nonincendive Electrical Equipment for Use inFPN: For further information, see UL 1604-1994, Elec-

trical Equipment for Use in Class I and II, Division 2, Class I and II, Division 2, and Class III, Divisions 1 and
2 Hazardous (Classified) Locations.and Class III Hazardous (Classified) Locations.
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500.4Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

of the electrical equipment being an ignition source in theOil Immersion. Electrical equipment immersed in a protec-
tive liquid in such a way that an explosive atmosphere that volatile or potentially volatile environments covered in these

articles. An example of how the hazardous (classified) loca-may be above the liquid or outside the enclosure cannot be
ignited. tion articles of Chapter 5 modify the general requirements

is found in the wiring method requirements of 501.10,
FPN: For further information, see ANSI/UL 698-1995,

502.10, and 503.10. These sections of the Code limit theIndustrial Control Equipment for Use in Hazardous
wiring methods that can be used in Class I, Class II, and(Classified) Locations.
Class III locations in order to provide the highest degree of

Purged and Pressurized. The process of (1) purging, sup- protection against physical damage. The installation of any
plying an enclosure with a protective gas at a sufficient flow wiring methods allowed by Articles 500 through 506 must
and positive pressure to reduce the concentration of any be in accordance with the Chapter 3 article that governs
flammable gas or vapor initially present to an acceptable that particular wiring method and with any modifications in
level; and (2) pressurization, supplying an enclosure with a Articles 500 through 517.
protective gas with or without continuous flow at sufficient
pressure to prevent the entrance of a flammable gas or vapor,
a combustible dust, or an ignitible fiber. 500.4 General

(A) Documentation All areas designated as hazardous
The definition of purged and pressurized has been revised (classified) locations shall be properly documented. This
to correlate with the definitions of these terms as specified documentation shall be available to those authorized to de-
in NFPA 496, Standard for Purged and Pressurized Enclo- sign, install, inspect, maintain, or operate electrical equip-
sures for Electrical Equipment. The revised definition makes ment at the location.
it clear that an enclosure can be purged continuously by a
supply of clean air or inert gas or it can be pressurized with One type of documentation consists of area classification
a supply of clean air or inert gas sufficient to prevent the drawings. This type of documentation provides the necessary
entrance of flammable gas or vapors, combustible dust, or information for installers, service personnel, and authorities
flyings into the enclosure. having jurisdiction to ensure that electrical equipment in-

stalled or maintained in classified areas is of the proper type.
See the fine print note to 505.4(A).FPN: For further information, see ANSI/NFPA 496-

2003, Purged and Pressurized Enclosures for Electrical
Equipment.

(B) Reference Standards Important information relating
Unclassified Locations. Locations determined to be neither to topics covered in Chapter 5 may be found in other publica-
Class I, Division 1; Class I, Division 2; Class I, Zone 0; tions.
Class I, Zone 1; Class I, Zone 2; Class II, Division 1; Class
II, Division 2; Class III, Division 1; Class III, Division 2;

The NFPA and ANSI standards referenced in Articles 500
or any combination thereof.

through 517 are essential for proper application of those
articles. The following NFPA codes, standards, and recom-500.3 Other Articles
mended practices include information on hazardous (classi-

Except as modified in Articles 500 through 504, all other fied) locations and the extent of hazardous (classified)
applicable rules contained in this Code shall apply to electri- locations in specific occupancies or industries.
cal equipment and wiring installed in hazardous (classified)

NFPA 30, Flammable and Combustible Liquids Codelocations.
NFPA 30A, Code for Motor Fuel Dispensing Facilities
and Repair GaragesThe first four chapters of the Code cover general installation

requirements for all electrical equipment and wiring (see NFPA 32, Standard for Drycleaning Plants
90.3). This means that materials and equipment must be NFPA 33, Standard for Spray Application Using Flam-
suitable for environmental conditions such as rain, snow, mable or Combustible Materials
ice, altitude, and heat; deteriorating effects on the conductors

NFPA 34, Standard for Dipping and Coating Processes
and equipment; and interrupting rating sufficient for the

Using Flammable or Combustible Liquids
nominal circuit voltage and available fault current, just to

NFPA 35, Standard for the Manufacture of Organicname a few. The requirements in Articles 500 through 506
Coatingsamend or modify the general rules to ensure the integrity

of the electrical installation and to minimize the possibility NFPA 36, Standard for Solvent Extraction Plants
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500.5 Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

Institute (API), and the Instrumentation, Systems, and
NFPA 45, Standard on Fire Protection for Laboratories Automation Society (ISA) that may be of use in the

classification of various locations, the determination ofUsing Chemicals
adequate ventilation, and the protection against staticNFPA 50A, Standard for Gaseous Hydrogen Systems electricity and lightning hazards.

at Consumer Sites FPN No. 2: For further information on the classification
of locations, see NFPA 30-2003, Flammable and Com-NFPA 50B, Standard for Liquefied Hydrogen Systems
bustible Liquids Code; NFPA 32-2004, Standard for Dry-at Consumer Sites
cleaning Plants; NFPA 33-2003, Standard for Spray

NFPA 51, Standard for the Design and Installation of Application Using Flammable or Combustible Materials;
Oxygen–Fuel Gas Systems for Welding, Cutting, and NFPA 34-2003, Standard for Dipping and Coating Pro-

cesses Using Flammable or Combustible Liquids; NFPAAllied Processes
35-1999, Standard for the Manufacture of Organic Coat-

NFPA 51A, Standard for Acetylene Cylinder Charging ings; NFPA 36-2004, Standard for Solvent Extraction
Plants Plants; NFPA 45-2004, Standard on Fire Protection for

Laboratories Using Chemicals; NFPA 50A-1999, Stan-NFPA 52, Compressed Natural Gas (CNG) Vehicular
dard for Gaseous Hydrogen Systems at Consumer Sites;Fuel Systems Code NFPA 50B-1999, Standard for Liquefied Hydrogen Sys-
tems at Consumer Sites; NFPA 58-2004, Liquefied Petro-NFPA 54, Natural Fuel Gas Code
leum Gas Code; NFPA 59-2004, Utility LP-Gas PlantNFPA 58, Liquefied Petroleum Gas Code
Code; NFPA 497-2004, Recommended Practice for the
Classification of Flammable Liquids, Gases, or VaporsNFPA 59, Utility LP-Gas Plant Code
and of Hazardous (Classified) Locations for ElectricalNFPA 59A, Standard for the Production, Storage, and
Installations in Chemical Process Areas; NFPA 499-

Handling of Liquefied Natural Gas (LNG) 2004, Recommended Practice for the Classification of
Combustible Dusts and of Hazardous (Classified) Loca-NFPA 61, Standard for the Prevention of Fires and Dust
tions for Electrical Installations in Chemical ProcessExplosions in Agricultural and Food Products Facilities
Areas; NFPA 820-2003, Standard for Fire Protection in

NFPA 85, Boiler and Combustion Systems Hazards Wastewater Treatment and Collection Facilities; ANSI/
API RP 500-1997, Recommended Practice for Classifica-Code
tion of Locations of Electrical Installations at Petroleum

NFPA 88A, Standard for Parking Structures Facilities Classified as Class I, Division 1 and Division
2; ISA 12.10-1988, Area Classification in HazardousNFPA 99, Standard for Health Care Facilities
(Classified) Dust Locations.

NFPA 407, Standard for Aircraft Fuel Servicing
FPN No. 3: For further information on protection against

NFPA 409, Standard on Aircraft Hangars static electricity and lightning hazards in hazardous (clas-
sified) locations, see NFPA 77-2000, RecommendedNFPA 495, Explosive Materials Code
Practice on Static Electricity; NFPA 780-2004, Standard

NFPA 496, Standard for Purged and Pressurized Enclo- for the Installation of Lightning Protection Systems; and
API RP 2003-1998, Protection Against Ignitions Arisingsures for Electrical Equipment
Out of Static Lightning and Stray Currents.

NFPA 497, Recommended Practice for the Classifica-
FPN No. 4: For further information on ventilation, see

tion of Flammable Liquids, Gases, or Vapors and of NFPA 30-2003, Flammable and Combustible Liquids
Hazardous (Classified) Locations for Electrical Instal- Code; and API RP 500-1997, Recommended Practice for

Classification of Locations for Electrical Installations atlations in Chemical Process Areas
Petroleum Facilities Classified as Class I, Division 1NFPA 499, Recommended Practice for the Classifica-
and Division 2.

tion of Combustible Dusts and of Hazardous (Classified) FPN No. 5: For further information on electrical systems
Locations for Electrical Installations in Chemical Pro- for hazardous (classified) locations on offshore oil- and
cess Areas gas-producing platforms, see ANSI/API RP 14F-1999,

Recommended Practice for Design and Installation ofNFPA 654, Standard for the Prevention of Fire and
Electrical Systems for Fixed and Floating Offshore Petro-

Dust Explosions from the Manufacturing, Processing, leum Facilities for Unclassified and Class I, Division 1
and Handling of Combustible Particulate Solids and Division 2 Locations.

NFPA 655, Standard for Prevention of Sulfur Fires and
Explosions 500.5 Classifications of Locations

(A) Classifications of Locations Locations shall be classi-
fied depending on the properties of the flammable vapors,

FPN No. 1: It is important that the authority having
liquids, or gases, or combustible dusts or fibers that may bejurisdiction be familiar with recorded industrial experi-
present, and the likelihood that a flammable or combustibleence as well as with the standards of the National Fire

Protection Association (NFPA), the American Petroleum concentration or quantity is present. Where pyrophoric mate-
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500.5Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

(2) Interiors of spray booths and areas in the vicinityrials are the only materials used or handled, these locations
of spraying and painting operations where volatileshall not be classified. Each room, section, or area shall be
flammable solvents are used

considered individually in determining its classification. (3) Locations containing open tanks or vats of volatile
flammable liquids

(4) Drying rooms or compartments for the evaporationPyrophoric materials ignite spontaneously upon contact with
of flammable solventsair. The use of electrical equipment that is suitable for a (5) Locations containing fat- and oil-extraction equip-

hazardous (classified) location will not prevent ignition of ment using volatile flammable solvents
pyrophoric materials. The process containment system (6) Portions of cleaning and dyeing plants where flam-

mable liquids are usedshould be designed to prevent contact between pyrophoric
(7) Gas generator rooms and other portions of gas man-material and air.

ufacturing plants where flammable gas may escape
(8) Inadequately ventilated pump rooms for flammable

gas or for volatile flammable liquids
FPN: Through the exercise of ingenuity in the layout of (9) The interiors of refrigerators and freezers in which
electrical installations for hazardous (classified) loca- volatile flammable materials are stored in open,
tions, it is frequently possible to locate much of the lightly stoppered, or easily ruptured containers
equipment in a reduced level of classification or in an (10) All other locations where ignitible concentrations
unclassified location and, thus, to reduce the amount of of flammable vapors or gases are likely to occur in
special equipment required. the course of normal operations

FPN No. 2: In some Division 1 locations, ignitible con-Rooms and areas containing ammonia refrigeration sys-
centrations of flammable gases or vapors may be presenttems that are equipped with adequate mechanical ventilation
continuously or for long periods of time. Examples in-may be classified as ‘‘unclassified’’ locations.
clude the following:

FPN: For further information regarding classification (1) The inside of inadequately vented enclosures con-
and ventilation of areas involving ammonia, see ANSI/ taining instruments normally venting flammable
ASHRAE 15-1994, Safety Code for Mechanical Re- gases or vapors to the interior of the enclosure
frigeration, and ANSI/CGA G2.1-1989, Safety Require- (2) The inside of vented tanks containing volatile flam-
ments for the Storage and Handling of Anhydrous mable liquids
Ammonia. (3) The area between the inner and outer roof sections

of a floating roof tank containing volatile flammable
(B) Class I Locations Class I locations are those in which fluids
flammable gases or vapors are or may be present in the (4) Inadequately ventilated areas within spraying or coat-

ing operations using volatile flammable fluidsair in quantities sufficient to produce explosive or ignitible
(5) The interior of an exhaust duct that is used to ventmixtures. Class I locations shall include those specified in

ignitible concentrations of gases or vapors500.5(B)(1) and (B)(2).
Experience has demonstrated the prudence of

(1) Class I, Division 1 A Class I, Division 1 location is a avoiding the installation of instrumentation or other elec-
tric equipment in these particular areas altogether orlocation
where it cannot be avoided because it is essential to the

(1) In which ignitible concentrations of flammable gases process and other locations are not feasible [see 500.5(A),
FPN] using electric equipment or instrumentation ap-or vapors can exist under normal operating conditions,
proved for the specific application or consisting of intrin-or
sically safe systems as described in Article 504.

(2) In which ignitible concentrations of such gases or vapors
may exist frequently because of repair or maintenance

Fine print note No. 2 describes locations that are defined inoperations or because of leakage, or
500.5(B)(1) as Class I, Division 1 locations. These locations(3) In which breakdown or faulty operation of equipment
are Class I, Zone 0 locations in accordance with 505.5(B)(1).or processes might release ignitible concentrations of
Where a location is classified as a Zone 0 location, onlyflammable gases or vapors and might also cause simulta-
intrinsically safe equipment and wiring suitable for Zone 0neous failure of electrical equipment in such a way as
locations are permitted to be used.to directly cause the electrical equipment to become a

source of ignition.

FPN No. 1: This classification usually includes the fol- (2) Class I, Division 2 A Class I, Division 2 location is a
lowing locations: location
(1) Where volatile flammable liquids or liquefied flam-

(1) In which volatile flammable liquids or flammable gasesmable gases are transferred from one container to
another are handled, processed, or used, but in which the liquids,
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500.5 Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

FPN: Dusts containing magnesium or aluminum are par-vapors, or gases will normally be confined within closed
ticularly hazardous, and the use of extreme precautioncontainers or closed systems from which they can escape
is necessary to avoid ignition and explosion.

only in case of accidental rupture or breakdown of such
containers or systems or in case of abnormal operation

Section 500.5(C)(1) was revised for the 2005 Code to clarifyof equipment, or
what conditions would require a space to be classified as(2) In which ignitible concentrations of gases or vapors are
Class II, Division 1. One condition is dust in suspensionnormally prevented by positive mechanical ventilation
in the air under normal operating conditions in sufficientand which might become hazardous through failure or
quantities to produce an explosive or ignitible mixture. An-abnormal operation of the ventilating equipment, or
other condition is the malfunction of processing equipment(3) That is adjacent to a Class I, Division 1 location, and
that causes combustible dust to be released and, at the sameto which ignitible concentrations of gases or vapors
time, an ignition source is created by the malfunction ormight occasionally be communicated unless such com-
some other ignition source occurs.munication is prevented by adequate positive-pressure

ventilation from a source of clean air and effective safe-
guards against ventilation failure are provided. (2) Class II, Division 2 A Class II, Division 2 location is

a location
FPN No. 1: This classification usually includes locations

(1) In which combustible dust due to abnormal operationswhere volatile flammable liquids or flammable gases or
vapors are used but that, in the judgment of the authority may be present in the air in quantities sufficient to
having jurisdiction, would become hazardous only in produce explosive or ignitible mixtures; or
case of an accident or of some unusual operating condi- (2) Where combustible dust accumulations are present but
tion. The quantity of flammable material that might es-

are normally insufficient to interfere with the normalcape in case of accident, the adequacy of ventilating
operation of electrical equipment or other apparatus,equipment, the total area involved, and the record of the

industry or business with respect to explosions or fires but could as a result of infrequent malfunctioning of
are all factors that merit consideration in determining the handling or processing equipment become suspended
classification and extent of each location. in the air; or
FPN No. 2: Piping without valves, checks, meters, and (3) In which combustible dust accumulations on, in, or in
similar devices would not ordinarily introduce a hazard-

the vicinity of the electrical equipment could be suffi-ous condition even though used for flammable liquids
cient to interfere with the safe dissipation of heat fromor gases. Depending on factors such as the quantity and

size of the containers and ventilation, locations used for electrical equipment, or could be ignitible by abnormal
the storage of flammable liquids or liquefied or com- operation or failure of electrical equipment.
pressed gases in sealed containers may be considered

FPN No. 1: The quantity of combustible dust that mayeither hazardous (classified) or unclassified locations.
be present and the adequacy of dust removal systemsSee NFPA 30-2003, Flammable and Combustible Liquids
are factors that merit consideration in determining theCode, and NFPA 58-2004, Liquefied Petroleum Gas
classification and may result in an unclassified area.Code.
FPN No. 2: Where products such as seed are handled
in a manner that produces low quantities of dust, the(C) Class II Locations Class II locations are those that are
amount of dust deposited may not warrant classification.

hazardous because of the presence of combustible dust. Class
(D) Class III Locations Class III locations are those thatII locations shall include those specified in 500.5(C)(1) and
are hazardous because of the presence of easily ignitible(C)(2).
fibers or flyings, but in which such fibers or flyings are not

(1) Class II, Division 1 A Class II, Division 1 location is likely to be in suspension in the air in quantities sufficient to
a location produce ignitible mixtures. Class III locations shall include

those specified in 500.5(D)(1) and (D)(2).
(1) In which combustible dust is in the air under normal

(1) Class III, Division 1 A Class III, Division 1 locationoperating conditions in quantities sufficient to produce
is a location in which easily ignitible fibers or materialsexplosive or ignitible mixtures, or
producing combustible flyings are handled, manufactured,(2) Where mechanical failure or abnormal operation of ma-
or used.chinery or equipment might cause such explosive or

FPN No. 1: Such locations usually include some partsignitible mixtures to be produced, and might also pro-
of rayon, cotton, and other textile mills; combustible fibervide a source of ignition through simultaneous failure
manufacturing and processing plants; cotton gins andof electric equipment, through operation of protection
cotton-seed mills; flax-processing plants; clothing manu-

devices, or from other causes, or facturing plants; woodworking plants; and establishments
(3) In which Group E combustible dusts may be present in and industries involving similar hazardous processes or

conditions.quantities sufficient to be hazardous.
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500.6Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

tifying equipment for use in the various atmosphericFPN No. 2: Easily ignitible fibers and flyings include
groups.rayon, cotton (including cotton linters and cotton waste),

sisal or henequen, istle, jute, hemp, tow, cocoa fiber,
oakum, baled waste kapok, Spanish moss, excelsior, and Determining the proper group classification for flammableother materials of similar nature.

gases and vapors involves evaluating explosion pressures
and maximum safe clearances between parts of a clamped(2) Class III, Division 2 A Class III, Division 2 location
joint under several conditions and comparison of the valuesis a location in which easily ignitible fibers are stored or
obtained with those obtained for classified materials underhandled other than in the process of manufacture.
the same test conditions. Although some work has been done
on the classification of flammable materials on the basis ofSections 500.5(B), 500.5(C), and 500.5(D) describe three
chemical structure, this method is not sufficiently refinedclasses of hazardous (classified) locations based on the type
or accurate enough to ensure proper classification of allof material involved. Within each class there are varying
flammable materials.degrees of hazard, so each class is subdivided into two

For additional information on the rationale for classifi-divisions. The classification by division is based on the
cation, reference may be made to the following:likelihood the material will be present. The requirements for

Division 1 of each class are more stringent than those for 1. Rationale for Classification of Combustible Gases, Va-
Division 2. pors, and Dusts with Reference to the National Electri-

The materials in the three classes are defined as follows: cal Code, Publication NMAB 353-6, 1982, a report of
Class I, flammable gases or vapors; Class II, combustible the Committee on Evaluation of Industrial Hazards, The
dust; and Class III, combustible fibers or flyings. National Materials Advisory Board, Commission on En-

When a given location is classified as hazardous, it gineering and Technical Systems, National Research
should be easy to determine to which of the three classes it Council. This publication is available from the National
belongs (it may belong in more than one class). Common Technical Information Service (NTIS), Springfield, VA
sense and good judgment must prevail in classifying an area 22151.
that is likely to become hazardous and in determining those 2. An Investigation of Fifteen Flammable Gases or Vapors
portions of the premises to be classified Division 1 or Divi- with Respect to Explosion-Proof Electrical Equipment,
sion 2. However, if different types of material exist in a Bulletin of Research No. 58 by Underwriters Labora-
process, such as flammable liquids, gases, or vapors and tories Inc., August 1969 (also Bulletin of Research Nos.
combustible dust, the area must be classified as both a Class 58A and 58B, which supplement No. 58). These publi-
I and a Class II location. If a location is classified due to cations are available from Underwriters Laboratories
two different hazards, such as a dust hazard and a flammable Inc., Publications Stock, Northbrook, IL 60062.
liquids hazard, protection must be provided for both hazards. 3. Electrical Installations in Hazardous Locations, Chap-
Equipment that is approved for a Class I location may not ter 2, Peter J. Schram and Mark W. Earley. This book
be suitable for a Class II location and vice versa. is available from NFPA.

500.6 Material Groups (A) Class I Group Classifications Class I groups shall be
according to 500.6(A)(1) through (A)(4).For purposes of testing, approval, and area classification,

various air mixtures (not oxygen-enriched) shall be grouped FPN No. 1: FPN Nos. 2 and 3 apply to 500.6(A).
in accordance with 500.6(A) and 500.6(B). FPN No. 2: The explosion characteristics of air mixtures

of gases or vapors vary with the specific material in-
volved. For Class I locations, Groups A, B, C, and D,Oxygen enrichment can drastically change the explosion
the classification involves determinations of maximum

characteristics of materials. It lowers the minimum ignition explosion pressure and maximum safe clearance between
energies, increases explosion pressures, and can reduce the parts of a clamped joint in an enclosure. It is necessary,

therefore, that equipment be identified not only for classmaximum experimental safe gap, rendering both intrinsically
but also for the specific group of the gas or vapor thatsafe and explosionproof equipment unsafe unless the equip-
will be present.ment has been tested for the conditions involved.
FPN No. 3: Certain chemical atmospheres may have
characteristics that require safeguards beyond those re-
quired for any of the Class I groups. Carbon disulfide

Exception: Equipment identified for a specific gas, vapor, is one of these chemicals because of its low ignition
temperature [100�C (212�F)] and the small joint clearanceor dust.
permitted to arrest its flame.

FPN: This grouping is based on the characteristics of
the materials. Facilities are available for testing and iden- (1) Group A Acetylene. [NFPA 497:3.3]
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500.6 Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

(2) Group B Flammable gas, flammable liquid–produced for Class I locations do not vary for different kinds of gas
vapor, or combustible liquid–produced vapor mixed with or vapor contained in the group, except in those cases where
air that may burn or explode, having either a maximum seals may be used in all conduits to change the group classifi-
experimental safe gap (MESG) value less than or equal to cation. See Exception No. 1 and Exception No. 2 to
0.45 mm or a minimum igniting current ratio (MIC ratio) 500.6(A)(2) for materials such as butadiene and ethylene
less than or equal to 0.40. [NFPA 497:3.3] oxide. It is necessary to select equipment designed for use

FPN: A typical Class I, Group B material is hydrogen. in the particular group involved. The reason for designating
the groups this way is that explosive mixtures have differentException No. 1: Group D equipment shall be permitted to
igniting current ratios and maximum safe clearances betweenbe used for atmospheres containing butadiene, provided all
parts of a joint in an enclosure.conduit runs into explosionproof equipment are provided

Underwriters Laboratories Inc. and Factory Mutual Re-with explosionproof seals installed within 450 mm (18 in.)
search Corp. list or approve electrical equipment suitableof the enclosure.
for use in all groups of Class I locations. Further informationException No. 2: Group C equipment shall be permitted to
is available from the UL Hazardous Locations Equipmentbe used for atmospheres containing allyl glycidyl ether, n-
Directory and the FM Approval Guide. It should be notedbutyl glycidyl ether, ethylene oxide, propylene oxide, and
(from the UL Directory) that ‘‘only those products bearingacrolein, provided all conduit runs into explosionproof
the appropriate listing mark and the company’s name, tradeequipment are provided with explosionproof seals installed
name, trademark, or other recognized identification shouldwithin 450 mm (18 in.) of the enclosure.
be considered as covered by UL’s Listing and Follow-Up
Service.’’ Other testing laboratories may also list equipment

The specific materials identified in Exception No. 1 and for hazardous locations for use in the United States. The
Exception No. 2 to 500.6(A)(2) produce high pressures be- acceptance of the listing agency is the responsibility of the
cause of pressure piling in unsealed conduits. If all conduits authority having jurisdiction.
are sealed, the volume of air and gas between the sealing Several testing laboratories outside the United States
fittings and the arcing contacts is limited, thereby minimizing also provide listing, approval, or certification of equipment
the pressure that can build within the enclosure and the for use in hazardous locations. However, they may not be
raceway. testing and investigating the equipment for use in hazardous

locations, as defined in Article 500. Some international labo-
(3) Group C Flammable gas, flammable liquid–produced ratories certify equipment for installation where the classifi-
vapor, or combustible liquid–produced vapor mixed with cation is according to the IEC classification scheme covered
air that may burn or explode, having either a maximum in Articles 505 and 506. Commentary Table 5.1 is an alpha-
experimental safe gap (MESG) value greater than 0.45 mm betical listing of selected combustible materials with their
and less than or equal to 0.75 mm, or a minimum igniting group classification and relevant physical properties. All the
current ratio (MIC ratio) greater than 0.40 and less than or materials included in this table have been evaluated for the
equal to 0.80. [NFPA 497:3.3] purpose of designating the appropriate gas group.

This information is used to properly select electricalFPN: A typical Class I, Group C material is ethylene.
equipment for use in Class I locations. The combustible(4) Group D Flammable gas, flammable liquid–produced
materials in Commentary Table 5.1 are classified into fourvapor, or combustible liquid–produced vapor mixed with
Class I, division groups—A, B, C, and D—or three Classair that may burn or explode, having either a maximum
I, zone groups—IIC, IIB, and IIA—depending on their prop-experimental safe gap (MESG) value greater than 0.75 mm
erties. Commentary Table 5.1 is extracted from NFPA 497,or a minimum igniting current ratio (MIC ratio) greater than
Recommended Practice for the Classification of Flammable0.80. [NFPA 497:3.3]
Liquids, Gases, or Vapors and of Hazardous (Classified)

FPN No. 1: A typical Class I, Group D material is pro- Locations for Electrical Installations in Chemical Processpane.
Areas. For the definitions of terms used in this table, referFPN No. 2: For classification of areas involving ammo-
to NFPA 497.nia atmospheres, see ANSI/ASHRAE 15-1994, Safety

Publication NMAB 353-4, Classifications of Dusts Rel-Code for Mechanical Refrigeration, and ANSI/CGA
G2.1-1989, Safety Requirements for the Storage and ative to Electrical Equipment in Class II Hazardous Loca-
Handling of Anhydrous Ammonia. tions, published in 1982 by the Committee on Evaluation

of Industrial Hazards, National Materials Advisory Board,
Commission on Engineering and Technical Systems, Na-Class I flammable gases or vapors are separated into four

different groups—A, B, C, and D. The Code requirements tional Research Council, and National Academy of Sciences,
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500.6Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

Commentary Table 5.1 Selected Chemicals

Class I Flash Vapor Vapor Class I
Division Point AIT Density Pressureb Zone MIE MIC MESG

Chemical CAS No. Group Typea (�C) (�C) %LFL %UFL (Air � 1) (mm Hg) Groupc (mJ) Ratio (mm)

Acetaldehyde 75-07-0 Cd I �38 175 4.0 60.0 1.5 874.9 IIA 0.37 0.98 0.92
Acetic Acid 64-19-7 Dd II 43 464 4.0 19.9 2.1 15.6 IIA 2.67 1.76
Acetic Acid-tert-Butyl 540-88-5 D II 1.7 9.8 4.0 40.6

Ester
Acetic Anhydride 108-24-7 D II 54 316 2.7 10.3 3.5 4.9
Acetone 67-64-1 Dd I 465 2.5 12.8 2.0 230.7 IIA 1.15 1.00 1.02
Acetone Cyanohydrin 75-86-5 D IIIA 74 688 2.2 12.0 2.9 0.3
Acetonitrile 75-05-8 D I 6 524 3.0 16.0 1.4 91.1 IIA 1.50
Acetylene 74-86-2 Ad GAS 305 2.5 99.9 0.9 36,600.0 IIC 0.017 0.28 0.25
Acrolein (Inhibited) 107-02-8 B(C)d I 235 2.8 31.0 1.9 274.1 IIB 0.13
Acrylic Acid 79-10-7 D II 54 438 2.4 8.0 2.5 4.3

Acrylonitrile 107-13-1 Dd I �26 481 3.0 17.0 1.8 108.5 IIB 0.16 0.78 0.87
Adiponitrile 111-69-3 D IIIA 93 550 1.0 0.002
Allyl Alcohol 107-18-6 Cd I 22 378 2.5 18.0 2.0 25.4 0.84
Allyl Chloride 107-05-1 D I �32 485 2.9 11.1 2.6 366.0 1.33 1.17
Allyl Glycidyl Ether 106-92-3 B(C)e II 57 3.9
Alpha-Methyl Styrene 98-83-9 D II 574 0.8 11.0 4.1 2.7
n-Amyl Acetate 628-63-7 D I 25 360 1.1 7.5 4.5 4.2 1.02
sec-Amyl Acetate 626-38-0 D I 23 1.1 7.5 4.5 IIA
Ammonia 7664-41-7 Dd,f I 498 15.0 28.0 0.6 7498.0 IIA 680.0 6.85 3.17
Aniline 62-53-3 D IIIA 70 615 1.3 11.0 3.2 0.7 IIA

Benzene 71-43-2 Dd I �11 498 1.2 7.8 2.8 94.8 IIA 0.20 1.00 0.99
Benzyl Chloride 98-87-3 D IIIA 585 1.1 4.4 0.5
Bromopropyne 106-96-7 D I 10 324 3.0
n-Butane 3583-47-9 Dd,g GAS 288 1.9 8.5 2.0 0.25 0.94 1.07
1,3-Butadiene 106-99-0 B(D)d,e GAS �76 420 2.0 12.0 1.9 IIB 0.13 0.76 0.79
1-Butanol 71-36-3 Dd I 36 343 1.4 11.2 2.6 7.0 IIA 0.91
2-Butanol 78-92-2 Dd I 36 405 1.7 9.8 2.6 IIA
Butylamine 109-73-9 D GAS �12 312 1.7 9.8 2.5 92.9 1.13
Butylene 25167-67-3 D I 385 1.6 10.0 1.9 2214.6
n-Butyraldehyde 123-72-8 Cd I �12 218 1.9 12.5 2.5 112.2 0.92

n-Butyl Acetate 123-86-4 Dd I 22 421 1.7 7.6 4.0 11.5 IIA 1.08 1.04
sec-Butyl Acetate 105-46-4 D II �8 1.7 9.8 4.0 22.2
tert-Butyl Acetate 540-88-5 D II 1.7 9.8 4.0 40.6
n-Butyl Acrylate 141-32-2 D II 49 293 1.7 9.9 4.4 5.5

(Inhibited)
n-Butyl Glycidyl Ether 2426-08-6 B(C)e II
n-Butyl Formal 110-62-3 C IIIA 34.3
Butyl Mercaptan 109-79-5 C I 2 3.1 46.4
Butyl-2-Propenoate 141-32-2 D II 49 1.7 9.9 4.4 5.5
para tert-Butyl Toluene 98-51-1 D IIIA
n-Butyric Acid 107-92-6 Dd IIIA 72 443 2.0 10.0 3.0 0.8

Carbon Disulfide 75-15-0 d,h I �30 90 1.3 50.0 2.6 358.8 IIC 0.009 0.39 0.20
Carbon Monoxide 630-08-0 Cd GAS 609 12.5 74.0 0.97 IIA 0.84
Chloroacetaldehyde 107-20-0 C IIIA 88 63.1
Chlorobenzene 108-90-7 D I 29 593 1.3 9.6 3.9 11.9
1-Chloro-1- 2425-66-3 C IIIA

Nitropropane
Chloroprene 126-99-8 D GAS �20 4.0 20.0 3.0
Cresol 1319-77-3 D IIIA 81 559 1.1 3.7
Crotonaldehyde 4170-30-3 Cd I 13 232 2.1 15.5 2.4 33.1 IIB 0.81
Cumene 98-82-8 D I 36 424 0.9 6.5 4.1 4.6 IIA
Cyclohexane 110-82-7 D I �17 245 1.3 8.0 2.9 98.8 IIA 0.22 1.0 0.94

(continues)
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500.6 Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

Commentary Table 5.1 Continued

Class I Flash Vapor Vapor Class I
Division Point AIT Density Pressureb Zone MIE MIC MESG

Chemical CAS No. Group Typea (�C) (�C) %LFL %UFL (Air � 1) (mm Hg) Groupc (mJ) Ratio (mm)

Cyclohexanol 108-93-0 D IIIA 68 300 3.5 0.7 IIA
Cyclohexanone 108-94-1 D II 44 245 1.1 9.4 3.4 4.3 IIA 0.98
Cyclohexene 110-83-8 D I �6 244 1.2 2.8 89.4 0.97
Cyclopropane 75-19-4 Dd I 503 2.4 10.4 1.5 5430.0 IIB 0.17 0.84 0.91
p-Cymene 99-87-6 D II 47 436 0.7 5.6 4.6 1.5 IIA
Decene 872-05-9 D II 235 4.8 1.7
n-Decaldehyde 112-31-2 C IIIA 0.09
n-Decanol 112-30-1 D IIIA 82 288 5.3 0.008
Decyl Alcohol 112-30-1 D IIIA 82 288 5.3 0.008
Diacetone Alcohol 123-42-2 D IIIA 64 603 1.8 6.9 4.0 1.4

Di-Isobutylene 25167-70-8 Dd I 2 391 0.8 4.8 3.8 0.96
Di-Isobutyl Ketone 108-83-8 D II 60 396 0.8 7.1 4.9 1.7
o-Dichlorobenzene 955-50-1 D IIIA 66 647 2.2 9.2 5.1 IIA
1,4-Dichloro-2,3 3583-47-9 Dd I 1.9 8.5 2.0 0.25 0.98 1.07

Epoxybutane
1,1-Dichloroethane 1300-21-6 D I 438 6.2 16.0 3.4 227.0 1.82
1,2-Dichloroethylene 156-59-2 D I 97 460 5.6 12.8 3.4 204.0 IIA
1,1-Dichloro-1- 594-72-9 C IIIA 76 5.0

Nitroethane
1,3-Dichloropropene 10061-02-6 D I 35 5.3 14.5 3.8
Dicyclopentadiene 77-73-6 C I 32 503 2.8 0.91
Diethylamine 109-87-9 Cd I �28 312 1.8 10.1 2.5 IIA 1.15

Diethylaminoethanol 100-37-8 C IIIA 60 320 4.0 1.6 IIA
Diethyl Benzene 25340-17-4 D II 57 395 4.6
Diethyl Ether (Ethyl 60-29-7 Cd I �45 160 1.7 48.0 2.6 538.0 IIB 0.19 0.88 0.83

Ether)
Diethylene Glycol 112-34-5 C IIIA 78 228 0.9 24.6 5.6 0.02

Monobutyl Ether
Diethylene Glycol 111-77-3 C IIIA 93 241 0.2

Monomethyl Ether
n-n-Dimethyl Aniline 121-69-7 C IIIA 63 371 1.0 4.2 0.7
Dimethyl Formamide 68-12-2 D II 58 455 2.2 15.2 2.5 4.1 1.08
Dimethyl Sulfate 77-78-1 D IIIA 83 188 4.4 0.7

Dimethylamine 124-40-3 C GAS 400 2.8 14.4 1.6 IIA
2,2-Dimethylbutane 75-83-2 Dg I �48 405 319.3
2,3-Dimethylbutane 78-29-8 Dg I 396
3,3-Dimethylheptane 1071-26-7 Dg I 325 10.8
2,3-Dimethylhexane 31394-54-4 Dg I 438
2,3-Dimethylpentane 107-83-5 Dg I 335 211.7
Di-N-Propylamine 142-84-7 C I 17 299 27.1
1,4-Dioxane 123-91-1 Cd I 12 180 2.0 22.0 3.0 38.2 IIB 0.19 0.70
Dipentene 138-86-3 D II 45 237 0.7 6.1 4.7 1.18
Dipropylene Glycol 34590-94-8 C IIIA 85 1.1 3.0 5.1 0.5

Methyl Ether

Diisopropylamine 108-18-9 C GAS �6 316 1.1 7.1 3.5
Dodecene 6842-15-5 D IIIA 100 255
Epichlorohydrin 3132-64-7 Cd I 33 411 3.8 21.0 3.2 13.0
Ethane 74-84-0 Dd GAS �29 472 3.0 12.5 1.0 IIA 0.24 0.82 0.91
Ethanol 64-17-5 Dd I 13 363 3.3 19.0 1.6 59.5 IIA 0.88 0.89
Ethylamine 75-04-7 Dd I �18 385 3.5 14.0 1.6 1048.0 2.4
Ethylene 74-85-1 Cd GAS 0 450 2.7 36.0 1.0 IIB 0.070 0.53 0.65
Ethylenediamine 107-15-3 Dd I 33 385 2.5 12.0 2.1 12.5
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500.6Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

Commentary Table 5.1 Continued

Class I Flash Vapor Vapor Class I
Division Point AIT Density Pressureb Zone MIE MIC MESG

Chemical CAS No. Group Typea (�C) (�C) %LFL %UFL (Air � 1) (mm Hg) Groupc (mJ) Ratio (mm)

Ethylenimine 151-56-4 Cd I �11 320 3.3 54.8 1.5 211.0 0.48
Ethylene Chlorohydrin 107-07-3 D IIIA 59 425 4.9 15.9 2.8 7.2

Ethylene Dichloride 107-06-2 Dd I 13 413 6.2 16.0 3.4 79.7
Ethylene Glycol 111-15-9 C II 47 379 1.7 4.7 2.3 0.53 0.97

Monoethyl Ether
Acetate

Ethylene Glycol 112-07-2 C IIIA 340 0.9 8.5 0.9
Monobutyl Ether
Acetate

Ethylene Glycol 111-76-2 C IIIA 238 1.1 12.7 4.1 1.0
Monobutyl Ether

Ethylene Glycol 110-80-5 C II 235 1.7 15.6 3.0 5.4 0.84
Monoethyl Ether

Ethylene Glycol 109-86-4 D II 285 1.8 14.0 2.6 9.2 0.85
Monomethyl Ether

Ethylene Oxide 75-21-8 B(C)d,e I �20 429 3.0 99.9 1.5 1314.0 IIB 0.065 0.47 0.59

2-Ethylhexaldehyde 123-05-7 C II 52 191 0.8 7.2 4.4 1.9
2-Ethylhexanol 104-76-7 D IIIA 81 0.9 9.7 4.5 0.2
2-Ethylhexyl Acrylate 103-09-3 D IIIA 88 252 0.3
Ethyl Acetate 141-78-6 Dd I �4 427 2.0 11.5 3.0 93.2 0.46 0.99
Ethyl Acrylate (Inhibited) 140-88-5 Dd I 9 372 1.4 14.0 3.5 37.5 IIA 0.86
Ethyl Alcohol 64-17-5 Dd I 13 363 3.3 19.0 1.6 59.5 0.89
Ethyl Sec-Amyl Ketone 541-85-5 D II 59
Ethyl Benzene 100-41-4 D I 21 432 0.8 6.7 3.7 9.6
Ethyl Butanol 97-95-0 D II 57 1.2 7.7 3.5 1.5
Ethyl Butyl Ketone 106-35-4 D II 46 4.0 3.6

Ethyl Chloride 75-00-3 D GAS �50 519 3.8 15.4 2.2
Ethyl Formate 109-94-4 D GAS �20 455 2.8 16.0 2.6 IIA 0.94
Ethyl Mercaptan 75-08-1 Cd I �18 300 2.8 18.0 2.1 527.4 0.90 0.90
n-Ethyl Morpholine 100-74-3 C I 32 4.0
2-Ethyl-3-Propyl Acrolein 645-62-5 C IIIA 68 4.4
Ethyl Silicate 78-10-4 D II 7.2
Formaldehyde (Gas) 50-00-0 B GAS 60 429 7.0 73.0 1.0 0.57
Formic Acid 64-18-6 D II 50 434 18.0 57.0 1.6 42.7 1.86
Fuel Oil 1 8008-20-6 D II 72 210 0.7 5.0
Furfural 98-01-1 C IIIA 60 316 2.1 19.3 3.3 2.3 0.94

Furfuryl Alcohol 98-00-0 C IIIA 75 490 1.8 16.3 3.4 0.6
Gasoline 8006-61-9 Dd I �46 280 1.4 7.6 3.0
n-Heptane 142-82-5 Dd I �4 204 1.0 6.7 3.5 45.5 IIA 0.24 0.88 0.91
n-Heptene 81624-04-6 Dg I �1 204 3.4 0.97
n-Hexane 110-54-3 Dd,g I �23 225 1.1 7.5 3.0 152.0 IIA 0.24 0.88 0.93
Hexanol 111-27-3 D IIIA 63 3.5 0.8 IIA 0.98
2-Hexanone 591-78-6 D I 35 424 1.2 8.0 3.5 10.6
Hexene 592-41-6 D I �26 245 1.2 6.9 186.0
sec-Hexyl Acetate 108-84-9 D II 45 5.0
Hydrazine 302-01-2 C II 38 23 98.0 1.1 14.4

Hydrogen 1333-74-0 Bd GAS 520 4.0 75.0 0.1 IIC 0.019 0.25 0.28
Hydrogen Cyanide 74-90-8 Cd GAS �18 538 5.6 40.0 0.9 IIB 0.80

(continues)
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500.6 Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

Commentary Table 5.1 Continued

Class I Flash Vapor Vapor Class I
Division Point AIT Density Pressureb Zone MIE MIC MESG

Chemical CAS No. Group Typea (�C) (�C) %LFL %UFL (Air � 1) (mm Hg) Groupc (mJ) Ratio (mm)

Hydrogen Selenide 7783-07-5 C I 7793.0
Hydrogen Sulfide 7783-06-4 Cd GAS 260 4.0 44.0 1.2 0.068 0.90
Isoamyl Acetate 123-92-2 D I 25 360 1.0 7.5 4.5 6.1
Isoamyl Alcohol 123-51-3 D II 43 350 1.2 9.0 3.0 3.2 1.02
Isobutane 75-28-5 Dg GAS 460 1.8 8.4 2.0
Isobutyl Acetate 110-19-0 Dd I 18 421 2.4 10.5 4.0 17.8
Isobutyl Acrylate 106-63-8 D I 427 4.4 7.1
Isobutyl Alcohol 78-83-1 Dd I �40 416 1.2 10.9 2.5 10.5 0.92 0.98

Isobutyraldehyde 78-84-2 C GAS �40 196 1.6 10.6 2.5
Isodecaldehyde 112-31-2 C IIIA 5.4 0.09
Isohexane 107-83-5 Dg 264 211.7 1.00
Isopentane 78-78-4 Dg 420 688.6
Isooctyl Aldehyde 123-05-7 C II 197 1.9
Isophorone 78-59-1 D 84 460 0.8 3.8 4.8 0.4
Isoprene 78-79-5 Dd I �54 220 1.5 8.9 2.4 550.6
Isopropyl Acetate 108-21-4 D I 460 1.8 8.0 3.5 60.4
Isopropyl Ether 108-20-3 Dd I �28 443 1.4 7.9 3.5 148.7 1.14 0.94
Isopropyl Glycidyl Ether 4016-14-2 C I

Isopropylamine 75-31-0 D GAS �26 402 2.3 10.4 2.0 2.0
Kerosene 8008-20-6 D II 72 210 0.7 5.0 IIA
Liquefied Petroleum Gas 68476-85-7 D I 405
Mesityl Oxide 141-97-9 Dd I 31 344 1.4 7.2 3.4 47.6
Methane 74-82-8 Dd GAS �223 630 5.0 15.0 0.6 IIA 0.28 1.00 1.12
Methanol 67-56-1 Dd I 12 385 6.0 36.0 1.1 126.3 IIA 0.14 0.82 0.92
Methyl Acetate 79-20-9 D GAS �10 454 3.1 16.0 2.6 IIB 1.08 0.99
Methyl Acrylate 96-33-3 D GAS �3 468 2.8 25.0 3.0 0.98 0.85
Methyl Alcohol 67-56-1 Dd I 385 6.0 36.0 1.1 126.3 0.91
Methyl Amyl Alcohol 108-11-2 D II 41 1.0 5.5 3.5 5.3 1.01

Methyl Chloride 74-87-3 D GAS �46 632 8.1 17.4 1.7 1.00
Methyl Ether 115-10-6 Cd GAS �41 350 3.4 27.0 1.6 0.85 0.84
Methyl Ethyl Ketone 78-93-3 Dd I �6 404 1.4 11.4 2.5 92.4 0.53 0.92 0.84
Methyl Formal 534-15-6 Cd I 1 238 3.1
Methyl Formate 107-31-3 D GAS �19 449 4.5 23.0 2.1 0.94
2-Methylhexane 31394-54-4 Dg I 280
Methyl Isobutyl Ketone 141-79-7 Dd I 31 440 1.2 8.0 3.5 11.0
Methyl Isocyanate 624-83-9 D GAS �15 534 5.3 26.0 2.0
Methyl Mercaptan 74-93-1 C GAS �18 3.9 21.8 1.7
Methyl Methacrylate 80-62-6 D I 10 422 1.7 8.2 3.6 37.2 IIA 0.95

Methyl N-Amyl Ketone 110-43-0 D II 49 393 1.1 7.9 3.9 3.8
Methyl Tertiary Butyl Ether 1634-04-4 D I �80 435 1.6 8.4 0.2 250.1
2-Methyloctane 3221-61-2 220 6.3
2-Methylpropane 75-28-5 Dg I 460 2639.0
Methyl-1-Propanol 78-83-1 Dd I �40 416 1.2 10.9 2.5 10.1 0.98
Methyl-2-Propanol 75-65-0 Dd I 10 360 2.4 8.0 2.6 42.2
2-Methyl-5-Ethyl Pyridine 104-90-5 D 74 1.1 6.6 4.2
Methylacetylene 74-99-7 Cd I 1.7 1.4 4306.0 0.11
Methylacetylene- 27846-30-6 C I 0.74

Propadiene
Methylal 109-87-5 C I �18 237 1.6 17.6 2.6 398.0
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500.6Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

Commentary Table 5.1 Continued

Class I Flash Vapor Vapor Class I
Division Point AIT Density Pressureb Zone MIE MIC MESG

Chemical CAS No. Group Typea (�C) (�C) %LFL %UFL (Air � 1) (mm Hg) Groupc (mJ) Ratio (mm)

Methylamine 74-89-5 D GAS 430 4.9 20.7 1.0 IIA 1.10
2-Methylbutane 78-78-4 Dg �56 420 1.4 8.3 2.6 688.6
Methylcyclohexane 208-87-2 D I �4 250 1.2 6.7 3.4 0.27
Methylcyclohexanol 25630-42-3 D 68 296 3.9
2-Methycyclohexanone 583-60-8 D II 3.9
2-Methylheptane Dg 420
3-Methylhexane 589-34-4 Dg 280 61.5
3-Methylpentane 94-14-0 Dg 278
2-Methylpropane 75-28-5 Dg I 460 2639.0
2-Methyl-1-Propanol 78-83-1 Dd I �40 223 1.2 10.9 2.5 10.5

2-Methyl-2-Propanol 75-65-0 Dd I 478 2.4 8.0 2.6 42.2
2-Methyloctane 2216-32-2 Dg 220
3-Methyloctane 2216-33-3 Dg 220 6.3
4-Methyloctane 2216-34-4 Dg 225 6.8
Monoethanolamine 141-43-5 D 85 410 2.1 0.4 IIA
Monoisopropanolamine 78-96-6 D 77 374 2.6 1.1
Monomethyl Aniline 100-61-8 C 482 0.5
Monomethyl Hydrazine 60-34-4 C I 23 194 2.5 92.0 1.6
Morpholine 110-91-8 Cd II 35 310 1.4 11.2 3.0 10.1 0.95
Naphtha (Coal Tar) 8030-30-6 D II 42 277 IIA

Naphtha (Petroleum) 8030-30-6 Dd,i I 42 288 1.1 5.9 2.5 IIA
Neopentane 463-82-1 Dg �65 450 1.4 8.3 2.6 1286.0
Nitrobenzene 98-95-3 D 88 482 1.8 4.3 0.3 0.94
Nitroethane 79-24-3 C I 28 414 3.4 2.6 20.7 IIA 0.87
Nitromethane 75-52-5 C I 35 418 7.3 2.1 36.1 IIA 0.92 1.17
1-Nitropropane 108-03-2 C I 34 421 2.2 3.1 10.1 0.84
2-Nitropropane 79-46-9 Cd I 28 428 2.6 11.0 3.1 17.1
n-Nonane 111-84-2 Dg I 31 205 0.8 2.9 4.4 4.4 IIA
Nonene 27214-95-8 D I 0.8 4.4
Nonyl Alcohol 143-08-8 D 0.8 6.1 5.0 0.02 IIA

n-Octane 111-65-9 Dd,g I 13 206 1.0 6.5 3.9 14.0 IIA 0.94
Octene 25377-83-7 D I 8 230 0.9 3.9
n-Octyl Alcohol 111-87-5 D 4.5 0.08 IIA 1.05
n-Pentane 109-66-0 Dd,g I �40 243 1.5 7.8 2.5 513.0 0.28 0.97 0.93
1-Pentanol 71-41-0 Dd I 33 300 1.2 10.0 3.0 2.5 IIA
2-Pentanone 107-87-9 D I 7 452 1.5 8.2 3.0 35.6 0.99
1-Pentene 109-67-1 D I �18 275 1.5 8.7 2.4 639.7
2-Pentene 109-68-2 D I �18 2.4
2-Pentyl Acetate 626-38-0 D I 23 1.1 7.5 4.5
Phenylhydrazine 100-63-0 D 89 3.7 0.03

Process Gas > 30% H2 1333-74-0 Bj GAS 520 4.0 75.0 0.1 0.019 0.45
Propane 74-98-6 Dd GAS �104 450 2.1 9.5 1.6 IIA 0.25 0.82 0.97
1-Propanol 71-23-8 Dd I 15 413 2.2 13.7 2.1 20.7 IIA 0.89
2-Propanol 67-63-0 Dd I 12 399 2.0 12.7 2.1 45.4 0.65 1.00
Propiolactone 57-57-8 D 2.9 2.5 2.2
Propionaldehyde 123-38-6 C I �9 207 2.6 17.0 2.0 318.5
Propionic Acid 79-09-4 D II 54 466 2.9 12.1 2.5 3.7
Propionic Anhydride 123-62-6 D 74 285 1.3 9.5 4.5 1.4
n-Propyl Acetate 109-60-4 D I 14 450 1.7 8.0 3.5 33.4 1.05
n-Propyl Ether 111-43-3 Cd I 21 215 1.3 7.0 3.5 62.3

(continues)
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500.6 Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

Commentary Table 5.1 Continued

Class I Flash Vapor Vapor Class I
Division Point AIT Density Pressureb Zone MIE MIC MESG

Chemical CAS No. Group Typea (�C) (�C) %LFL %UFL (Air � 1) (mm Hg) Groupc (mJ) Ratio (mm)

Propyl Nitrate 627-13-4 Bd I 20 175 2.0 100.0
Propylene 115-07-1 Dd GAS �108 455 2.0 11.1 1.5 0.28 0.91
Propylene Dichloride 78-87-5 D I 16 557 3.4 14.5 3.9 51.7 1.32
Propylene Oxide 75-56-9 B(C)d,e I �37 449 2.3 36.0 2.0 534.4 0.13 0.70
Pyridine 110-86-1 Dd I 20 482 1.8 12.4 2.7 20.8 IIA
Styrene 100-42-5 Dd I 31 490 0.9 6.8 3.6 6.1 IIA 1.21
Tetrahydrofuran 109-99-9 Cd I �14 321 2.0 11.8 2.5 161.6 IIB 0.54 0.87
Tetrahydronaphthalene 119-64-2 D IIIA 385 0.8 5.0 4.6 0.4
Tetramethyl Lead 75-74-1 C II 38 9.2
Toluene 108-88-3 Dd I 4 480 1.1 7.1 3.1 28.53 IIA 0.24

n-Tridecene 2437-56-1 D IIIA 0.6 6.4 593.4
Triethylamine 121-44-8 Cd I �9 249 1.2 8.0 3.5 68.5 IIA 0.75
Triethylbenzene 25340-18-5 D 83 56.0 5.6
2,2,3-Trimethylbutane Dg 442
2,2,4-Trimethylbutane Dg 407
2,2,3-Trimethylpentane Dg 396
2,2,4-Trimethylpentane Dg 415
2,3,3-Trimethylpentane Dg 425
Tripropylamine 102-69-2 D II 41 4.9 1.5 1.13
Turpentine 8006-64-2 D I 35 253 0.8 4.8

n-Undecene 28761-27-5 D IIIA 0.7 5.5
Unsymmetrical Dimethyl 57-14-7 Cd I �15 249 2.0 95.0 1.9 0.85

Hydrazine
Valeraldehyde 110-62-3 C I 280 222 3.0 34.3
Vinyl Acetate 108-05-4 Dd I �6 402 2.6 13.4 3.0 113.4 IIA 0.70 0.94
Vinyl Chloride 75-01-4 Dd GAS �78 472 3.6 33.0 2.2 0.96
Vinyl Toluene 25013-15-4 D 52 494 0.8 11.0 4.1
Vinylidene Chloride 75-35-4 D I 570 6.5 15.5 3.4 599.4 3.91
Xylene 1330-20-7 Dd I 25 464 0.9 7.0 3.7 IIA 0.2
Xylidine 121-69-7 C IIIA 63 371 1.0 4.2 0.7

Notes:
aType is used to designate if the material is a gas, flammable liquid, or combustible liquid. (See 4.2.6 and
4.2.7.)
bVapor pressure reflected in units of mm Hg at 25�C (77�F) unless stated otherwise.
cClass I, Zone Groups are based on 1996 IEC TR3 60079-20, Electrical apparatus for explosive gas
atmospheres — Part 20: Data for flammable gases and vapors, relating to the use of electrical apparatus,
which contains additional data on MESG and group classifications.
dMaterial has been classified by test.
eWhere all conduit runs into explosionproof equipment are provided with explosionproof seals installed within
450 mm (18 in.) of the enclosure, equipment for the group classification shown in parentheses is permitted.
fFor classification of areas involving ammonia, see ASHRAE 15, Safety Code for Mechanical Refrigeration,
and ANSI/CGA G2.1, Safety Requirements for the Storage and Handling of Anhydrous Ammonia.
gCommercial grades of aliphatic hydrocarbon solvents are mixtures of several isomers of the same chemical
formula (or molecular weight). The autoignition temperatures of the individual isomers are significantly different.
The electrical equipment should be suitable for the AIT of the solvent mixture. (See A.4.4.2.)
hCertain chemicals have characteristics that require safeguards beyond those required for any of the above
groups. Carbon disulfide is one of these chemicals because of its low autoignition temperature and the
small joint clearance necessary to arrest its flame propagation.
iPetroleum naphtha is a saturated hydrocarbon mixture whose boiling range is 20�C to 135�C (68�F to
275�F). It is also known as benzine, ligroin, petroleum ether, and naphtha.
jFuel and process gas mixtures found by test not to present hazards similar to those of hydrogen may be
grouped based on the test results.
Source: Table 4.4.2 in NFPA 497, Recommended Practice for the Classification of Flammable Liquids,
Gases, or Vapors and of Hazardous (Classified) Locations for Electrical Installations in Chemical Process
Areas, 2004 edition.
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500.7Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

includes a description of the test methods used to determine Commentary Table 5.2 is an alphabetical listing of selected
the ignition temperatures and electrical resistivity of com- combustible materials with their group classification and
bustible dusts. The publication is available from the National relevant physical properties. All the materials included in
Technical Information Service (NTIS), Springfield, VA this table have been evaluated for the purpose of designating
22151. the appropriate dust group. This information is used to prop-

erly select electrical equipment for use in Class II locations.
Combustible dusts are classified into three Class II, division

(B) Class II Group Classifications Class II groups shall groups — E, F, and G — depending on their properties.
be in accordance with 500.6(B)(1) through (B)(3). Commentary Table 5.2 is extracted from NFPA 499, Recom-

mended Practice for the Classification of Combustible Dusts
(1) Group E Atmospheres containing combustible metal and of Hazardous (Classified) Locations for Electrical In-
dusts, including aluminum, magnesium, and their commer- stallations in Chemical Process Areas. For the definitions
cial alloys, or other combustible dusts whose particle size, of terms used in the table, refer to NFPA 499.
abrasiveness, and conductivity present similar hazards in the As in Class I locations, equipment must be approved
use of electrical equipment. [NFPA 499:3.3] not only for the class but also for the specific group. It is

important that, in addition to the proper selection of equip-FPN: Certain metal dusts may have characteristics that
ment, high standards of installation be maintained for subse-require safeguards beyond those required for atmospheres

containing the dusts of aluminum, magnesium, and their quent additions or alterations.
commercial alloys. For example, zirconium, thorium, and
uranium dusts have extremely low ignition temperatures
[as low as 20�C (68�F)] and minimum ignition energies 500.7 Protection Techniques
lower than any material classified in any of the Class I Section 500.7(A) through 500.7(L) shall be acceptable pro-or Class II groups.

tection techniques for electrical and electronic equipment in
hazardous (classified) locations.(2) Group F Atmospheres containing combustible car-

bonaceous dusts that have more than 8 percent total en- (A) Explosionproof Apparatus This protection technique
trapped volatiles (see ASTM D 3175-89, Standard Test shall be permitted for equipment in Class I, Division 1 or
Method for Volatile Material in the Analysis Sample for 2 locations.
Coal and Coke, for coal and coke dusts) or that have been

(B) Dust Ignitionproof This protection technique shall besensitized by other materials so that they present an explo-
permitted for equipment in Class II, Division 1 or 2 locations.sion hazard. Coal, carbon black, charcoal, and coke dusts

are examples of carbonaceous dusts. [NFPA 499:3.3] (C) Dusttight This protection technique shall be permitted
for equipment in Class II, Division 2 or Class III, Division

(3) Group G Atmospheres containing combustible dusts 1 or 2 locations.
not included in Group E or F, including flour, grain, wood,

(D) Purged and Pressurized This protection techniqueplastic, and chemicals.
shall be permitted for equipment in any hazardous (classi-

FPN No. 1: For additional information on group classifi- fied) location for which it is identified.
cation of Class II materials, see NFPA 499-2004, Recom-
mended Practice for the Classification of Combustible

NFPA 496, Standard for Purged and Pressurized EnclosuresDusts and of Hazardous (Classified) Locations for Elec-
trical Installations in Chemical Process Areas. for Electrical Equipment, covers purged and pressurized
FPN No. 2: The explosion characteristics of air mixtures enclosures for electrical equipment in Class I and Class II
of dust vary with the materials involved. For Class II hazardous (classified) locations.
locations, Groups E, F, and G, the classification involves In Class I locations, purged and pressurized enclosuresthe tightness of the joints of assembly and shaft openings

are used to eliminate or reduce, within the enclosure, a Classto prevent the entrance of dust in the dust-ignitionproof
I hazardous (classified) location classification, as defined inenclosure, the blanketing effect of layers of dust on the

equipment that may cause overheating, and the ignition Article 500 of the Code. Purged and pressurized enclosures
temperature of the dust. It is necessary, therefore, that make it possible for equipment that is not otherwise accept-
equipment be identified not only for the class, but also able for hazardous (classified) locations to be used in thesefor the specific group of dust that will be present.

locations, in accordance with the Code.FPN No. 3: Certain dusts may require additional precau-
Purging is the process of supplying an enclosure withtions due to chemical phenomena that can result in the

a protective gas at a sufficient flow and positive pressure togeneration of ignitible gases. See ANSI C2-2002, Na-
tional Electrical Safety Code, Section 127A, Coal Han- reduce the concentration of any flammable gas or vapor
dling Areas.
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500.7 Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

Commentary Table 5.2 Selected Combustible Materials

Layer or Cloud
Chemical Name CAS No. NEC Group Code Ignition Temp. (�C)

Acetal, Linear G NL 440
Acetoacet-p-phenetidide 122-82-7 G NL 560
Acetoacetanilide 102-01-2 G M 440
Acetylamino-t-nitrothiazole G 450
Acrylamide Polymer G 240
Acrylonitrile Polymer G 460
Acrylonitrile-Vinyl Chloride-Vinylidenechloride copolymer (70-20-10) G 210
Acrylonitrile-Vinyl Pyridine Copolymer G 240
Adipic Acid 124-04-9 G M 550

Alfalfa Meal G 200
Alkyl Ketone Dimer Sizing Compound G 160
Allyl Alcohol Derivative (CR-39) G NL 500
Almond Shell G 200
Aluminum, A422 Flake 7429-90-5 E 320
Aluminum, Atomized Collector Fines E CL 550
Aluminum—cobalt alloy (60-40) E 570
Aluminum—copper alloy (50-50) E 830
Aluminum—lithium alloy (15% Li) E 400
Aluminum—magnesium alloy (Dowmetal) E CL 430

Aluminum—nickel alloy (58-42) E 540
Aluminum—silicon alloy (12% Si) E NL 670
Amino-5-nitrothiazole 121-66-4 G 460
Anthranilic Acid 118-92-3 G M 580
Apricot Pit G 230
Aryl-nitrosomethylamide G NL 490
Asphalt 8052-42-4 F 510
Aspirin [acetol (2)] 50-78-2 G M 660
Azelaic Acid 109-31-9 G M 610
Azo-bis-butyronitrile 78-67-1 G 350

Benzethonium Chloride G CL 380
Benzoic Acid 65-85-0 G M 440
Benzotriazole 95-14-7 G M 440
Beta-naphthalene-axo-dimethylaniline G 175
Bis(2-hydroxy-5-chlorophenyl) Methane 97-23-4 G NL 570
Bisphenol-A 80-05-7 G M 570
Boron, Commercial Amorphous (85% B) 7440-42-8 E 400
Calcium Silicide E 540
Carbon Black (More Than 8% Total Entrapped Volatiles) F
Carboxymethyl Cellulose 9000-11-7 G 290

Carboxypolymethylene G NL 520
Cashew Oil, Phenolic, Hard G 180
Cellulose G 260
Cellulose Acetate G 340
Cellulose Acetate Butyrate G NL 370
Cellulose Triacetate G NL 430
Charcoal (Activated) 64365-11-3 F 180
Charcoal (More Than 8% Total Entrapped Volatiles) F
Cherry Pit G 220
Chlorinated Phenol G NL 570

Chlorinated Polyether Alcohol G 460
Chloroacetoacetanilide 101-92-8 G M 640
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500.7Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

Commentary Table 5.2 Continued

Layer or Cloud
Chemical Name CAS No. NEC Group Code Ignition Temp. (�C)

Chromium (97%) Electrolytic, Milled 7440-47-3 E 400
Cinnamon G 230
Citrus Peel G 270
Coal, Kentucky Bituminous F 180
Coal, Pittsburgh Experimental F 170
Coal, Wyoming F
Cocoa Bean Shell G 370
Cocoa, Natural, 19% Fat G 240

Coconut Shell G 220
Coke (More Than 8% Total Entrapped Volatiles) F
Cork G 210
Corn G 250
Corn Dextrine G 370
Corncob Grit G 240
Cornstarch, Commercial G 330
Cornstarch, Modified G 200
Cottonseed Meal G 200
Coumarone-Indene, Hard G NL 520

Crag No. 974 533-74-4 G CL 310
Cube Root, South America 83-79-4 G 230
Di-alphacumyl Peroxide, 40-60 on CA 80-43-3 G 180
Diallyl Phthalate 131-17-9 G M 480
Dicyclopentadiene Dioxide G NL 420
Dieldrin (20%) 60-57-1 G NL 550

Dihydroacetic Acid G NL 430
Dimethyl Isophthalate 1459-93-4 G M 580
Dimethyl Terephthalate 120-61-6 G M 570
Dinitro-o-toluamide 148-01-6 G NL 500
Dinitrobenzoic Acid G NL 460
Diphenyl 92-52-4 G M 630
Ditertiary-butyl-paracresol 128-37-0 G NL 420
Dithane m-45 8018-01-7 G 180
Epoxy G NL 540
Epoxy-bisphenol A G NL 510
Ethyl Cellulose G CL 320
Ethyl Hydroxyethyl Cellulose G NL 390
Ethylene Oxide Polymer G NL 350
Ethylene-maleic Anhydride Copolymer G NL 540

Ferbam� 14484-64-1 G 150
Ferromanganese, Medium Carbon 12604-53-4 E 290
Ferrosilicon (88% Si, 9% Fe) 8049-17-0 E 800
Ferrotitanium (19% Ti, 74.1% Fe, 0.06% C) E CL 380
Flax Shive G 230
Fumaric Acid 110-17-8 G M 520
Garlic, Dehydrated G NL 360
Gilsonite 12002-43-6 F 500
Green Base Harmon Dye G 175

Guar Seed G NL 500
Gulasonic Acid, Diacetone G NL 420
Gum, Arabic G 260

(continues)
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500.7 Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

Commentary Table 5.2 Continued

Layer or Cloud
Chemical Name CAS No. NEC Group Code Ignition Temp. (�C)

Gum, Karaya G 240
Gum, Manila G CL 360
Gum, Tragacanth 9000-65-1 G 260
Hemp Hurd G 220
Hexamethylene Tetramine 100-97-0 G S 410
Hydroxyethyl Cellulose G NL 410
Iron, 98% H2 Reduced E 290
Iron, 99% Carbonyl 13463-40-6 E 310

Isotoic Anhydride G NL 700
L-sorbose G M 370
Lignin, Hydrolized, Wood-type, Fine G NL 450
Lignite, California F 180
Lycopodium G 190
Malt Barley G 250
Manganese 7439-96-5 E 240
Magnesium, Grade B, Milled E 430
Manganese Vancide G 120
Mannitol 69-65-8 G M 460

Methacrylic Acid Polymer G 290
Methionine (l-methionine) 63-68-3 G 360
Methyl Cellulose G 340
Methyl Methacrylate Polymer 9011-14-7 G NL 440
Methyl Methacrylate-ethyl Acrylate G NL 440
Methyl Methacrylate-styrene-butadiene G NL 480
Milk, Skimmed G 200
N,N-Dimethylthio-formamide G 230
Nitropyridone 100703-82-0 G M 430
Nitrosamine G NL 270

Nylon Polymer 63428-84-2 G 430
Para-oxy-benzaldehyde 123-08-0 G CL 380
Paraphenylene Diamine 106-50-3 G M 620
Paratertiary Butyl Benzoic Acid 98-73-7 G M 560
Pea Flour G 260
Peach Pit Shell G 210
Peanut Hull G 210
Peat, Sphagnum 94114-14-4 G 240
Pecan Nut Shell 8002-03-7 G 210
Pectin 5328-37-0 G 200

Pentaerythritol 115-77-5 G M 400
Petrin Acrylate Monomer 7659-34-9 G NL 220
Petroleum Coke (More Than 8% Total Entrapped Volatiles) F
Petroleum Resin 64742-16-1 G 500
Phenol Formaldehyde 9003-35-4 G NL 580
Phenol Formaldehyde, Polyalkylene-p 9003-35-4 G 290
Phenol Furfural 26338-61-4 G 310
Phenylbetanaphthylamine 135-88-6 G NL 680
Phthalic Anhydride 85-44-9 G M 650
Phthalimide 85-41-6 G M 630

Pitch, Coal Tar 65996-93-2 F NL 710
Pitch, Petroleum 68187-58-6 F NL 630
Polycarbonate G NL 710
Polyethylene, High Pressure Process 9002-88-4 G 380
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500.7Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

Commentary Table 5.2 Continued

Layer or Cloud
Chemical Name CAS No. NEC Group Code Ignition Temp. (�C)

Polyethylene, Low Pressure Process 9002-88-4 G NL 420
Polyethylene Terephthalate 25038-59-9 G NL 500
Polyethylene Wax 68441-04-8 G NL 400
Polypropylene (no antioxidant) 9003-07-0 G NL 420
Polystyrene Latex 9003-53-6 G 500

Polystyrene Molding Compound 9003-53-6 G NL 560
Polyurethane Foam, Fire Retardant 9009-54-5 G 390
Polyurethane Foam, No Fire Retardant 9009-54-5 G 440
Polyvinyl Acetate 9003-20-7 G NL 550
Polyvinyl Acetate/Alcohol 9002-89-5 G 440
Polyvinyl Butyral 63148-65-2 G 390
Polyvinyl Chloride-dioctyl Phthalate G NL 320
Potato Starch, Dextrinated 9005-25-8 G NL 440
Pyrethrum 8003-34-7 G 210
Rayon (Viscose) Flock 61788-77-0 G 250

Red Dye Intermediate G 175
Rice G 220
Rice Bran G NL 490
Rice Hull G 220
Rosin, DK 8050-09-7 G NL 390
Rubber, Crude, Hard 9006-04-6 G NL 350
Rubber, Synthetic, Hard (33% S) 64706-29-2 G NL 320
Safflower Meal G 210
Salicylanilide 87-17-2 G M 610
Sevin 63-25-2 G 140

Shale, Oil 68308-34-9 F
Shellac 9000-59-3 G NL 400
Sodium Resinate 61790-51-0 G 220
Sorbic Acid (Copper Sorbate or Potash) 110-44-1 G 460
Soy Flour 68513-95-1 G 190
Soy Protein 9010-10-0 G 260
Stearic Acid, Aluminum Salt 637-12-7 G 300
Stearic Acid, Zinc Salt 557-05-1 G M 510
Styrene Modified Polyester-Glass Fiber 100-42-5 G 360
Styrene-acrylonitrile (70-30) 9003-54-7 G NL 500

Styrene-butadiene Latex (>75% styrene) 903-55-8 G NL 440
Styrene-maleic Anhydride Copolymer 9011-13-6 G CL 470
Sucrose 57-50-1 G CL 350
Sugar, Powdered 57-50-1 G CL 370
Sulfur 7704-34-9 G 220
Tantalum 7440-25-7 E 300
Terephthalic Acid 100-21-0 G NL 680
Thorium, 1.2% O2 7440-29-1 E CL 280
Tin, 96%, Atomized (2% Pb) 7440-31-5 E 430
Titanium, 99% Ti 7440-32-6 E CL 330

Titanium Hydride (95% Ti, 3.8% H2) 7704-98-5 E CL 480
Trithiobisdimethylthio-formamide G 230
Tung, Kernels, Oil-free 8001-20-5 G 240
Urea Formaldehyde Molding Compound 9011-05-6 G NL 460
Urea Formaldehyde-phenol Formaldehyde 25104-55-6 G 240

(continues)
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500.7 Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

Commentary Table 5.2 Continued

Chemical Name CAS No. NEC Group Code Layer or Cloud
Ignition Temp. (�C)

Vanadium, 86.4% 7440-62-2 E 490
Vinyl Chloride-acrylonitrile Copolymer 9003-00-3 G 470
Vinyl Toluene-acrylonitrile Butadiene 76404-69-8 G NL 530
Violet 200 Dye G 175
Vitamin B1, Mononitrate 59-43-8 G NL 360

Vitamin C 50-81-7 G 280
Walnut Shell, Black G 220
Wheat G 220
Wheat Flour 130498-22-5 G 360
Wheat Gluten, Gum 100684-25-1 G NL 520
Wheat Starch G NL 380
Wheat Straw G 220
Wood Flour G 260
Woodbark, Ground G 250
Yeast, Torula 68602-94-8 G 260
Zirconium Hydride 7704-99-6 E 270
Zirconium E CL 330

Notes:
1. Normally, the minimum ignition temperature of a layer of a specific dust is lower than the minimum ignition
temperature of a cloud of that dust. Since this is not universally true, the lower of the two minimum ignition
temperatures is listed. If no symbol appears between the two temperature columns, then the layer ignition
temperature is shown. ‘‘CL’’ means the cloud ignition temperature is shown. ‘‘NL’’ means that no layer ignition
temperature is available, and the cloud ignition temperature is shown. ‘‘M’’ signifies that the dust layer melts
before it ignites; the cloud ignition temperature is shown. ‘‘S’’ signifies that the dust layer sublimes before it
ignites; the cloud ignition temperature is shown.
2. Certain metal dusts may have characteristics that require safeguards beyond those required for atmospheres
containing the dusts of aluminum, magnesium, and their commercial alloys. For example, zirconium, thorium,
and uranium dusts have extremely low ignition temperatures [as low as 20�C (68�F)] and minimum ignition
energies lower than any material classified in any of the Class I or Class II groups.
Source: Table 4.5.2 in NFPA 499, Recommended Practice for the Classification of Combustible Dusts and
of Hazardous (Classified) Locations for Electrical Installations in Chemical Process Areas, 2004 edition.

Code. Pressurization, for the purposes of NFPA 496, is theinitially present to an acceptable level. The types of pressur-
process of supplying an enclosure with a protective gas,izing are as follows:
with or without continuous flow, at sufficient pressure to
prevent the entrance of a flammable gas or vapor, a combusti-1. Type X pressurizing reduces the classification within
ble dust, or an ignitible fiber.a protected enclosure from Division 1 or Zone 1 to

It should be noted that an atmosphere that is madeunclassified.
hazardous by combustible dust inside an enclosure cannot2. Type Y pressurizing reduces the classification within a
be reduced to a safe level by supplying a flow of protectiveprotected enclosure from Division 1 to Division 2 or
gas in the same manner as with gases or vapors. Supplyingfrom Zone 1 to Zone 2.
a flow of air into the enclosure could stir up the dust that3. Type Z pressurizing reduces the classification within
has accumulated at the bottom of the enclosure and createa protected enclosure from Division 2 or Zone 2 to
a dust cloud within the enclosure that could explode if anunclassified.
ignition source occurs. The enclosure must be opened, and
the dust must be removed. Visual inspection can determineIn Class II hazardous (classified) locations, pressurized en-

closures prevent the entrance of dusts into an enclosure. if the dust has been removed. Positive pressure then prevents
dust from entering a clean enclosure.Pressurized enclosures make it possible for equipment that

is not otherwise acceptable for hazardous (classified) loca- Field-installed devices and equipment, such as push-
button controls and pilot lights, are permitted in purged andtions to be used in these locations, in accordance with the
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500.8Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

type of equipment, its listing, the location where it is in-pressurized enclosures, provided the conductor terminals are
within the purged or pressurized atmosphere. Section 7.3.4 stalled, the type of alarm or signal, and the shutdown proce-

dure. A schedule for calibration of the system is also requiredof NFPA 30, Flammable and Combustible Liquids Code,
and Section 4.6 of ANSI/API RP 500, Recommended Prac- to be documented.
tice for Classification of Locations for Electrical Installa-
tions at Petroleum Facilities Classified as Class I, Division

FPN No. 1: For further information, see ANSI/ISA1 and Division 2, provide guidelines on what is considered
12.13.01, Performance Requirements, Combustible Gasadequate ventilation.
Detectors.
FPN No. 2: For further information, see ANSI/API RP
500, Recommended Practice for Classification of Loca-

(E) Intrinsic Safety This protection technique shall be per- tions for Electrical Installations at Petroleum Facilities
mitted for equipment in Class I, Division 1 or 2; or Class Classified as Class I, Division I or Division 2.
II, Division 1 or 2; or Class III, Division 1 or 2 locations. FPN No. 3: For further information, see ISA-

RP12.13.02, Installation, Operation, and MaintenanceThe provisions of Articles 501 through 503 and Articles
of Combustible Gas Detection Instruments.510 through 516 shall not be considered applicable to such

installations, except as required by Article 504, and installa- (1) Inadequate Ventilation In a Class I, Division 1 loca-
tion of intrinsically safe apparatus and wiring shall be in tion that is so classified due to inadequate ventilation, electri-
accordance with the requirements of Article 504. cal equipment suitable for Class I, Division 2 locations shall

be permitted.(F) Nonincendive Circuit This protection technique shall
be permitted for equipment in Class I, Division 2; Class II, (2) Interior of a Building In a building located in, or with
Division 2; or Class III, Division 1 or 2 locations. an opening into, a Class I, Division 2 location where the

interior does not contain a source of flammable gas or vapor,(G) Nonincendive Equipment This protection technique
electrical equipment for unclassified locations shall be per-shall be permitted for equipment in Class I, Division 2; Class
mitted.II, Division 2; or Class III, Division 1 or 2 locations.

(3) Interior of a Control Panel In the interior of a control(H) Nonincendive Component This protection technique
panel containing instrumentation utilizing or measuringshall be permitted for equipment in Class I, Division 2; Class
flammable liquids, gases, or vapors, electrical equipmentII, Division 2; or Class III, Division 1 or 2 locations.
suitable for Class I, Division 2 locations shall be permitted.

(I) Oil Immersion This protection technique shall be per-
(L) Other Protection Techniques Other protection tech-mitted for current-interrupting contacts in Class I, Division
niques used in equipment identified for use in hazardous2 locations as described in 501.115(B)(1)(2).
(classified) locations.

(J) Hermetically Sealed This protection technique shall
be permitted for equipment in Class I, Division 2; Class II, Some listed equipment employs unique protection tech-
Division 2; or Class III, Division 1 or 2 locations. niques or a combination of protection techniques, such as

listed attachment plugs for use in hazardous locations and
(K) Combustible Gas Detection System A combustible

listed battery-operated two-way radios, cell phones, flash-
gas detection system shall be permitted as a means of protec-

lights, and lanterns.
tion in industrial establishments with restricted public access
and where the conditions of maintenance and supervision
ensure that only qualified persons service the installation. 500.8 Equipment
Gas detection equipment shall be listed for detection of the

Articles 500 through 504 require equipment construction and
specific gas or vapor to be encountered. Where such a system

installation that ensure safe performance under conditions of
is installed, equipment specified in 500.7(K)(1), (K)(2), or

proper use and maintenance.
(K)(3) shall be permitted.

FPN No. 1: It is important that inspection authoritiesThe type of detection equipment, its listing, installation
and users exercise more than ordinary care with regardlocation(s), alarm and shutdown criteria, and calibration fre-
to installation and maintenance.quency shall be documented when combustible gas detectors
FPN No. 2: Since there is no consistent relationshipare used as a protection technique.
between explosion properties and ignition temperature,
the two are independent requirements.

Where combustible gas detection systems are utilized for FPN No. 3: Low ambient conditions require special con-
sideration. Explosionproof or dust-ignitionproof equip-protection, documentation must be provided indicating the
ment may not be suitable for use at temperatures lower
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500.8 Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

than �25�C (�13�F) unless they are identified for low- (a) Intrinsically safe apparatus having a control drawing
temperature service. However, at low ambient tempera- requiring the installation of associated apparatus for a Divi-
tures, flammable concentrations of vapors may not exist

sion 1 installation shall be permitted to be installed in ain a location classified as Class I, Division 1 at normal
Division 2 location if the same associated apparatus is usedambient temperature.
for the Division 2 installation.

(b) Equipment that is required to be explosionproofAt low ambient temperatures, such as those encountered in
shall incorporate seals per 501.15(A) or 501.15(D) when thethe Arctic, explosion pressures increase at very low tempera-
wiring methods of 501.10(B) are employed.tures. The strengths of materials change, and the explosion

pressure in explosionproof equipment may increase beyond
(3) Where specifically permitted in Articles 501 throughthe safe operating strength of the material. In addition, some
503, general-purpose equipment or equipment in general-sealing materials for sealing fittings may become brittle.
purpose enclosures shall be permitted to be installed in Divi-However, the extent of the hazardous (classified) location
sion 2 locations if the equipment does not constitute a sourcemay also change under low ambient conditions. The material
of ignition under normal operating conditions.may be used in a location where the temperature range is

so low that no vapors are produced based on the flash point
(4) Equipment that depends on a single compression seal,of the material involved.
diaphragm, or tube to prevent flammable or combustible
fluids from entering the equipment shall be identified for a

(A) Approval for Class and Properties Class I, Division 2 location even if installed in an unclassified
(1) Equipment shall be identified not only for the class of location. Equipment installed in a Class I, Division 1 location
location but also for the explosive, combustible, or ignitible shall be identified for the Class I, Division 1 location.
properties of the specific gas, vapor, dust, fiber, or flyings

FPN: Equipment used for flow measurement is an exam-that will be present. In addition, Class I equipment shall not
ple of equipment having a single compression seal, dia-have any exposed surface that operates at a temperature in
phragm, or tube.

excess of the ignition temperature of the specific gas or
vapor. Class II equipment shall not have an external tempera- (5) Unless otherwise specified, normal operating conditions
ture higher than that specified in 500.8(C)(2). Class III equip- for motors shall be assumed to be rated full-load steady
ment shall not exceed the maximum surface temperatures conditions.
specified in 503.5.

FPN: Luminaires (lighting fixtures) and other heat-pro- It is not intended that locked-rotor or other motor overload
ducing apparatus, switches, circuit breakers, and plugs

conditions, such as single phasing, be considered when eval-and receptacles are potential sources of ignition and are
uating motor-operating temperatures (internal and external)investigated for suitability in classified locations. Such

types of equipment, as well as cable terminations for in Class I, Division 2 locations. However, such abnormal
entry into explosionproof enclosures, are available as load conditions must be considered when evaluating the
listed for Class I, Division 2 locations. Fixed wiring, external temperatures of explosionproof motors for Class I,
however, may utilize wiring methods that are not evalu-

Division 1 locations and motors such as dust-ignitionproofated with respect to classified locations. Wiring products
motors for Class II, Division 1 locations. It is important tosuch as cable, raceways, boxes, and fittings, therefore,

are not marked as being suitable for Class I, Division 2 be aware of the increase in temperature in some variable-
locations. Also see 500.8(B)(6)(a). speed motors when they are operated at the lower speed and

are dependent on the fan for cooling.Suitability of identified equipment shall be determined
by any of the following:

(1) Equipment listing or labeling (6) Where flammable gases or combustible dusts are or may
(2) Evidence of equipment evaluation from a qualified test- be present at the same time, the simultaneous presence of both

ing laboratory or inspection agency concerned with shall be considered when determining the safe operating
product evaluation temperature of the electrical equipment.

(3) Evidence acceptable to the authority having jurisdiction
such as a manufacturer’s self-evaluation or an owner’s

Examples of where flammable liquid and dust can be presentengineering judgment
at the same time are at a coal-handling facility, where there

(2) Equipment that has been identified for a Division 1 is methane gas and coal dust, and in an automotive paint
location shall be permitted in a Division 2 location of the spray shop, where flammable paint and powdered metal
same class, group, and temperature class and shall comply flecks are sprayed.
with (a) or (b) as applicable.
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500.8Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

Table 500.8(B) Classification of Maximum SurfaceFPN: The characteristics of various atmospheric mix-
Temperaturetures of gases, vapors, and dusts depend on the specific

material involved.
Maximum Temperature

Temperature Class(B) Marking Equipment shall be marked to show the envi-
�C �F (T Code)ronment for which it has been evaluated. Unless otherwise

specified or allowed in (B)(6), the marking shall include the 450 842 T1
information specified in (B)(1) through (B)(5). 300 572 T2

280 536 T2A
260 500 T2BThe marked operating temperature or temperature range is
230 446 T2C

normally referenced to a 104�F ambient. Unless the equip-
215 419 T2Dment is provided with thermally actuated sensors that limit
200 392 T3

the temperature to that marked on the equipment, operation 180 356 T3A
in ambient temperatures higher than 104�F increases the 165 329 T3B

160 320 T3Coperating temperature of the equipment. Many explo-
sionproof and dust-ignitionproof motors are equipped with 135 275 T4

120 248 T4Athermal protectors. In like manner, operation in ambient
100 212 T5temperatures lower than 104�F usually reduces the operating
85 185 T6temperature.

(1) Class The marking shall specify the class(es) for which more than 100�C shall not be required to have a marked
the equipment is suitable. operating temperature or temperature class.

FPN: More than one marked temperature class or op-(2) Division The marking shall specify the division if the
erating temperature, for gases and vapors, dusts, andequipment is suitable for Division 2 only. Equipment suitable
different ambient temperatures, may appear.for Division 1 shall be permitted to omit the division mark-

ing. (5) Ambient Temperature Range For equipment rated for
a temperature range other than –25�C to �40�C, the markingFPN: Equipment not marked to indicate a division, or
shall specify the special range of ambient temperatures. Themarked ‘‘Division 1’’ or ‘‘Div. 1,’’ is suitable for both

Division 1 and 2 locations; see 500.8(A)(2). Equipment marking shall include either the symbol ‘‘Ta’’ or ‘‘Tamb.’’
marked ‘‘Division 2’’ or ‘‘Div. 2’’ is suitable for Division

FPN: As an example, such a marking might be ‘‘–30�C2 locations only.
� Ta � �40�C.’’

(3) Material Classification Group The marking shall
(6) Special Allowancesspecify the applicable material classification group(s) in ac-

cordance with 500.6.
Exception No. 2 and Exception No. 3 to 500.8(B) in the

Exception: Fixed luminaires (lighting fixtures) marked for 2002 Code were changed to mandatory Code language and
use only in Class I, Division 2 or Class II, Division 2 loca- relocated in a new section, 500.8(B)(6) Special Allowances,
tions shall not be required to indicate the group. in the 2005 Code. A squirrel-cage induction motor without

brushes, switching mechanisms, or similar arc-producing(4) Equipment Temperature The marking shall specify
devices is an example of fixed general-purpose equipment.

the temperature class or operating temperature at a 40�C
See 501.125(B) and its associated commentary for more

ambient temperature, or at the higher ambient temperature
information on motors in Class I, Division 2 locations.

if the equipment is rated and marked for an ambient tempera-
ture of greater than 40�C. The temperature class, if provided,
shall be indicated using the temperature class (T Codes) (a) General Purpose Equipment. Fixed general-purpose
shown in Table 500.8(B). Equipment for Class I and Class equipment in Class I locations, other than fixed luminaires
II shall be marked with the maximum safe operating temper- (lighting fixtures), that is acceptable for use in Class I,
ature, as determined by simultaneous exposure to the combi- Division 2 locations shall not be required to be marked
nations of Class I and Class II conditions. with the class, division, group, temperature class, or ambient

temperature range.Exception: Equipment of the non–heat-producing type, such
as junction boxes, conduit, and fittings, and equipment of (b) Dusttight Equipment. Fixed dusttight equipment,

other than fixed luminaires (lighting fixtures), that is accept-the heat-producing type having a maximum temperature not
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500.8 Article 500 — Hazardous (Classified) Locations, Classes I, II, and III, Divisions 1 and 2

able for use in Class II, Division 2 and Class III locations Table 500.8(C)(2) Class II Temperatures
shall not be required to be marked with the class, division,

Equipment (Such as Motors orgroup, temperature class, or ambient temperature range.
Power Transformers) That

(c) Associated Apparatus. Associated intrinsically safe Equipment May Be Overloaded
apparatus and associated nonincendive field wiring appara- Not Subject

to Normal Abnormaltus that are not protected by an alternative type of protection
Overloading Operation Operationshall not be marked with the class, division, group, or temper-

Class II
ature class. Associated intrinsically safe apparatus and asso- Group �C �F �C �F �C �F
ciated nonincendive field wiring apparatus shall be marked
with the class, division, and group of the apparatus to which E 200 392 200 392 200 392

F 200 392 150 302 200 392it is to be connected.
G 165 329 120 248 165 329(d) Simple Apparatus. ‘‘Simple apparatus’’ as defined

in Article 504, shall not be required to be marked with class,
division, group, temperature class, or ambient temperature

(D) Threading All NPT threaded conduit and fittings re-range.
ferred to herein shall be threaded with a National (American)

(C) Temperature Standard Pipe Taper (NPT) thread that provides a taper of
(1) Class I Temperature The temperature marking speci- 1 in 16 (3⁄4-in. taper per foot). Conduit and fittings shall be
fied in 500.8(B) shall not exceed the ignition temperature made wrenchtight to prevent sparking when fault current
of the specific gas or vapor to be encountered. flows through the conduit system, and to ensure the explo-

sionproof integrity of the conduit system where applicable.
Equipment provided with threaded entries for field wiringThe ignition temperature of a solid, liquid, or gaseous sub-
connections shall be installed in accordance withstance is the minimum temperature required to initiate or
500.8(D)(1) or (D)(2). Threaded entries into explosionproofcause self-sustained combustion independent of the heating
equipment shall be made up with at least five threads fullyor heated element. The flash point is the temperature at
engaged.which the material gives off vapors that will ignite when

the temperature reaches the ignition temperature, provided Exception: For listed explosionproof equipment, factory
the air-to-fuel ratio is within the proper range. The ignition threaded NPT entries shall be made up with at least 41⁄2
temperature and the flash point are unrelated properties, threads fully engaged.
except that the flash point is always lower than the ignition

(1) Equipment Provided with Threaded Entries for NPTtemperature.
Threaded Conduit or Fittings For equipment provided
with threaded entries for NPT threaded conduit or fittings,

FPN: For information regarding ignition temperatures listed conduit, conduit fittings, or cable fittings shall be used.
of gases and vapors, see NFPA 497-2004, Recommended
Practice for the Classification of Flammable Liquids, FPN: Thread form specifications for NPT threads are
Gases, or Vapors, and of Hazardous (Classified) Loca- located in ANSI/ASME B1.20.1-1983, Pipe Threads,
tions for Electrical Installations in Chemical Process General Purpose (Inch).
Areas.

(2) Equipment Provided with Threaded Entries forMet-
(2) Class II Temperature The temperature marking speci- ric ThreadedConduit or Fittings For equipment with met-
fied in 500.8(B) shall be less than the ignition temperature ric threaded entries, such entries shall be identified as being
of the specific dust to be encountered. For organic dusts that metric, or listed adapters to permit connection to conduit or
may dehydrate or carbonize, the temperature marking shall NPT-threaded fittings shall be provided with the equipment.
not exceed the lower of either the ignition temperature or Adapters shall be used for connection to conduit or NPT-
165�C (329�F). threaded fittings. Listed cable fittings that have metric

FPN: See NFPA 499-2004, Recommended Practice for threads shall be permitted to be used.
the Classification of Combustible Dusts and of Hazard-

FPN: Threading specifications for metric threaded en-ous (Classified) Locations for Electrical Installations in
tries are located in ISO 965/1-1980, Metric ScrewChemical Process Areas, for minimum ignition tempera-
Threads, and ISO 965/3-1980, Metric Screw Threads.tures of specific dusts.

The ignition temperature for which equipment was ap- All conduit joints must be made up wrenchtight to prevent
proved prior to this requirement shall be assumed to be as arcing between the conduit and the coupling, fitting, or en-
shown in Table 500.8(C)(2).
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500.9Article 501 — Class I Locations

closure of the conduit under ground-fault conditions. The Contents
use of a bonding jumper in lieu of a wrenchtight connection

I. Generalis not permitted. The integrity of the ground-fault current
501.1 Scopepath is critical in hazardous locations in order to prevent
501.5 General

ignition-capable arcing or sparking.
II. Wiring

The information on metric threads in 500.8(D) has been
501.10 Wiring Methods

included to allow for safe electrical and mechanical connec-
(A) Class I, Division 1

tions where the enclosure has metric threads and the raceway
(B) Class I, Division 2

or cable has NPT threads. Equipment with metric threaded 501.15 Sealing and Drainage
entries must be identified or provided with suitable adapters (A) Conduit Seals, Class I, Division 1
that permit the connection of conduit and fittings that are (B) Conduit Seals, Class I, Division 2
NPT threaded. (C) Class I, Divisions 1 and 2

(D) Cable Seals, Class I, Division 1
(E) Cable Seals, Class I, Division 2

(E) FiberOptic Cable Assembly Where a fiber optic cable (F) Drainage
assembly contains conductors that are capable of carrying 501.20 Conductor Insulation, Class I, Divisions 1
current, the fiber optic cable assembly shall be installed in and 2
accordance with the requirements of Articles 500, 501, 502, 501.25 Uninsulated Exposed Parts, Class I, Divisions
or 503, as applicable. 1 and 2

501.30 Grounding and Bonding, Class I, Divisions 1
and 2

The requirements of Articles 500, 501, 502, or 503 apply, (A) Bonding
even if the conductor is grounded. (B) Types of Equipment Grounding Conductors

501.35 Surge Protection
(A) Class I, Division 1

500.9 Specific Occupancies (B) Class I, Division 2
501.40 Multiwire Branch CircuitsArticles 510 through 517 cover garages, aircraft hangars,

III. Equipmentmotor fuel dispensing facilities, bulk storage plants, spray
501.100 Transformers and Capacitorsapplication, dipping and coating processes, and health care

(A) Class I, Division 1facilities.
(B) Class I, Division 2

501.105 Meters, Instruments, and Relays
(A) Class I, Division 1

ARTICLE 501 (B) Class I, Division 2
501.115 Switches, Circuit Breakers, Motor Controllers,Class I Locations

and Fuses
(A) Class I, Division 1
(B) Class I, Division 2Summary of Changes

501.120 Control Transformers and Resistors• General:Restructured and renumbered to provide a scope
(A) Class I, Division 1section and parallel numbering systems for Articles 501,
(B) Class I, Division 2502, and 503.

501.125 Motors and Generators
• 501.10(B)(6): Revised to require single conductor Type (A) Class I, Division 1

MV cables to be shielded or metallic-armored. (B) Class I, Division 2
501.130 Luminaires (Lighting Fixtures)• 501.15(B)(2): Revised to permit seals identified for the

(A) Class I, Division 1purpose of minimizing the passage of gases and vapors
(B) Class I, Division 2(does not have to be of the explosionproof type) within

501.135 Utilization Equipmentthe Division 2 portion of the conduit.
(A) Class I, Division 1

• 501.25: Revised to provide guidance concerning protec-
(B) Class I, Division 2

tion against explosion and against electric shock in order
501.140 Flexible Cords, Class I, Divisions 1 and 2

to limit the voltage of exposed live parts.
(A) Permitted Uses

• 501.35: Revised to include TVSS devices. (B) Installation
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501.1 Article 501 — Class I Locations

arcs or sparks should be kept out of Class I locations where501.145 Receptacles and Attachment Plugs, Class I,
practicable. If this is not practicable, such apparatus mustDivisions 1 and 2
be approved for the purpose and installed properly. The arc501.150 Signaling, Alarm, Remote-Control, and
produced at the contacts of listed or labeled intrinsicallyCommunications Systems
safe equipment is not ignition-capable because the energy(A) Class I, Division 1
available is insufficient to cause ignition.(B) Class I, Division 2

Hermetic sealing of all electrical equipment is impracti-
cal, because equipment such as motors, conventional

I. General switches, and circuit breakers has movable parts that must
be operated through the enclosing case; that is, the lever of501.1 Scope
a switch or the shaft of a motor must have sufficient clearance

Article 501 covers the requirements for electrical and elec- to operate freely. In addition, in many cases, it is necessary
tronic equipment and wiring for all voltages in Class I, to have access to the inside of enclosures for installation,
Division 1 and 2 locations where fire or explosion hazards servicing, or alterations.
may exist due to flammable gases or vapors or flammable It is practically impossible to make threaded conduit
liquids. joints gastight. The conduit system and apparatus enclosure

FPN: For the requirements for electrical and electronic ‘‘breathe’’ due to temperature changes, and any flammable
equipment and wiring for all voltages in Class I, Zone gases or vapors in the room may slowly enter the conduit
0, Zone 1, or Zone 2 hazardous (classified) locations or enclosure, creating an explosive mixture. Should an arc
where fire or explosion hazards may exist due to flamma-

occur, an explosion could take place.ble gases or vapors or flammable liquids, refer to Article
When an explosion occurs within the enclosure or con-505.

duit system, the burning mixture or hot gases must be suffi-
ciently confined within the system to prevent ignition of anyFor the 2005 Code, Article 501 was divided into three parts:
explosive mixture that might be present in the area outsideI General, II Wiring, and III Equipment. This division pro-
the enclosures or conduit system. An apparatus enclosurevides a chronological order to the requirements used in an
must be designed with sufficient strength to withstand theelectrical installation. Sections 501.2 and 501.3 were moved
maximum pressure generated by an internal explosion into Part III, Equipment, and renumbered 501.100 and
order to prevent rupture and the release of burning or hot501.105, respectively. Section 501.4, Wiring Methods, was
gases. Enclosures have been designed to withstand suchrelocated from 501.4 to Part II, 501.10.
internal explosions. The ability to withstand an internal ex-
plosion is one criterion by which explosionproof enclosures

501.5 General are evaluated.
During an explosion within an enclosure, gases escapeThe general rules of this Code shall apply to the electric

through any paths or openings that exist, but the gases arewiring and equipment in locations classified as Class I in
sufficiently cooled if they are carried out through an opening500.5.
that is long in proportion to its width; that is, the spiral path

Exception: As modified by this article.
of at least five fully engaged threads of a screw-on type
junction box cover, as illustrated in Exhibit 501.1. This

The most common Class I locations are those areas involved principle is also applied in the design of explosionproof
in the handling or processing of volatile flammable liquids enclosures for apparatus in which a wide machined flange
such as gasoline, naphtha, benzene, diethyl ether, and ace- on the body of the enclosure and a similar machined flange
tone, or flammable gases such as hydrogen, methane, and on the cover are provided, as illustrated in Exhibit 501.2.
propane. These machined flanges are ground so that when the cover

Where ignitible concentrations (concentrations within is seated in place, the clearance between the two surfaces
the flammable or explosive limits) of flammable gases or at no point exceeds, for example, 0.0015 in. If an explosion
vapors are present, atmospheres exist that are explosive when occurs within the enclosure, escaping gas travels a consider-
ignited by an arc, a spark, or high temperature. NFPA 497, able distance through a very small opening. The gas therefore
Recommended Practice for the Classification of Flammable is cooled sufficiently when it enters and mixes with the
Liquids, Gases, or Vapors and of Hazardous (Classified) surrounding atmosphere, thus preventing ignition of the ex-
Locations for Electrical Installations in Chemical Process ternal explosive mixture.
Areas, includes information on the explosive limits of flam- The clearance between flat surfaces may increase some-
mable liquids and gases. what under explosion conditions because the internal pres-

All electrical equipment that may cause ignition-capable sures created by the explosion tend to force the surfaces
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501.10Article 501 — Class I Locations

Cover with threaded joint 
(5 full threads min.)

Internal 
pressure

Hot flaming
gases

Cool escaping
gases

Normal clearance

Clearance during explosion

Exhibit 501.1 Cooling of hot gases as they pass through the
threads of a screw-type cover of an explosionproof junction box. Exhibit 501.3 Effect of internal explosion (bottom) on cover-to-

body joint clearance in an explosionproof enclosure. (Redrawn
courtesy of Underwriters Laboratories Inc.)

II. Wiring
501.10 Wiring Methods
Wiring methods shall comply with 501.10(A) or 501.10(B).

(A) Class I, Division 1

(1) General In Class I, Division 1 locations, the wiring
methods in (a) through (d) shall be permitted.

(a) Threaded rigid metal conduit or threaded steel inter-
mediate metal conduit.

Internal 
pressure

Hot flaming
gases

Cool escaping
gases

Cover with machine-flanged 
joint (very small pressure 
release clearance)

Exhibit 501.2 Cooling of hot gases as they pass across a ma- Rigid metal conduit and intermediate metal conduit must
chine-flanged joint. The clearance between the machined sur- be threaded with an NPT standard conduit cutting die that
faces is kept very small.

provides a 3⁄4-in. taper per foot. For enclosures that are field-
threaded, five full threads must be engaged, while for listed

apart, as shown in Exhibit 501.3. The amount of increase enclosures with factory-threaded NPT entries, 41⁄2 threads
in the joint clearance depends on the stiffness of the enclosure must be fully engaged. See 500.8(D).
parts; the size, strength, and spacing of the bolts; and the The Code recognizes electrical equipment with meti-
explosion pressure. Simply measuring the joint width and ric threaded entries [see 500.8(D)(2)]. Equipment with metric
clearance when there are no internal pressures does not threaded entries must be identified to indicate that metric
indicate the actual clearances under the dynamic conditions threads are provided or be provided with listed adapters to
of an explosion. Explosion tests are usually needed to dem- allow the connection of NPT-threaded conduit or fittings to
onstrate the acceptability of the design. the equipment. Each joint must be made up wrenchtight at

couplings and unions, threaded hubs of junction boxes, de-
vice boxes, conduit bodies, and so on.Equipment listed and marked in accordance with

505.9(C)(2) for use in Class I, Zone 0, 1, or 2 locations shall
be permitted in Class I, Division 2 locations for the same
gas and with a suitable temperature class. Equipment listed Exception: Rigid nonmetallic conduit complying with Arti-

cle 352 shall be permitted where encased in a concreteand marked in accordance with 505.9(C)(2) for use in Class
I, Zone 0 locations shall be permitted in Class I, Division envelope a minimum of 50 mm (2 in.) thick and provided

with not less than 600 mm (24 in.) of cover measured from1 or Division 2 locations for the same gas and with a suitable
temperature class. the top of the conduit to grade. The concrete encasement
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501.10 Article 501 — Class I Locations

shall be permitted to be omitted where subject to the provis- The requirement in 501.10(A)(1)(b) specifies that termina-
ions of 514.8, Exception No. 2; and 515.8(A). Threaded tion fittings used with Type MI cable must be listed for use
rigid metal conduit or threaded steel intermediate metal in Class I, Division 1 hazardous (classified) locations. In
conduit shall be used for the last 600 mm (24 in.) of the editions of the Code before 2002, termination fittings used
underground run to emergence or to the point of connection with Type MI cable were required to be approved. (See the
to the aboveground raceway. An equipment grounding con- definition of approved in Article 100.) This change means
ductor shall be included to provide for electrical continuity that MI cable fittings must be evaluated in accordance with
of the raceway system and for grounding of non–current- an appropriate product standard or be tested for the specific
carrying metal parts. use. A fitting that is approved must be acceptable to the

authority having jurisdiction, which, in many cases, requires
the use of listed equipment as a basis for approval. However,The exception to 501.10(A)(1)(a) permits the use of rigid

nonmetallic conduit in some underground installations. If the term approved does not mandate product evaluation or
testing. The requirement that fittings used with MI cablesrigid nonmetallic conduit is used for underground wiring,

threaded rigid metal conduit or threaded steel intermediate be specifically listed for use in the particular hazardous
(classified) location class and group involved provides ametal conduit must be used for the last 2 ft of the under-

ground run to the point of emergence or to the point of more objective basis for selecting the proper fitting. Type
MI cable fittings, as shown in Exhibit 501.4, have a clamp-connection to the aboveground raceway. The rigid nonmetal-

lic conduit, including rigid nonmetallic conduit elbows and type joint that must be investigated to determine that it is
explosionproof. Type MI cable fittings not investigated forfittings, must be located not less than 2 ft below grade. The

conduit must also be encased in not less than 2 in. of concrete. use in hazardous locations may not be explosionproof. Type
MI cable fittings that are suitable for nonhazardous locationsThe requirements covering the use of rigid nonmetallic

conduit in underground locations per 514.8, Exception No. may not be suitable for Class I, Division 1 hazardous (classi-
fied) locations.2, and 515.8 do not require concrete encasement. These

provisions are for specific occupancies where there has been Exhibit 501.5 shows an explosionproof junction box
with two hubs and a threaded opening for the screw-typeconsiderable experience with underground nonmetallic con-

duit. The exception to 501.10(A)(1)(a) applies to other occu- cover. Unused openings must be effectively closed by in-
serting threaded metal plugs that engage at least five fullpancies where rigid nonmetallic conduit is installed in an

underground location that has been classified as a Class I, threads [41⁄2 permitted in accordance with 500.8(D), Excep-
tion] and afford protection equivalent to that of the wall ofDivision 1 location.

If rigid nonmetallic conduit is used, an equipment the box.
grounding conductor must be included and must be bonded
to the metal raceways that extend from the underground
rigid nonmetallic conduit. (c) In industrial establishments with restricted public

access, where the conditions of maintenance and supervision
ensure that only qualified persons service the installation,
Type MC-HL cable, listed for use in Class I, Division 1(b) Type MI cable with termination fittings listed for

the location. Type MI cable shall be installed and supported locations, with a gas/vaportight continuous corrugated me-
tallic sheath, an overall jacket of suitable polymeric material,in a manner to avoid tensile stress at the termination fittings.

Exhibit 501.4 Type MI cable
and fitting listed for use in haz-
ardous locations. The screw-
on pot contains field-installed
sealing compound to seal the
end of the cable. The threaded
gland has threads for connec-
tion to explosionproof enclo-
sures. (Courtesy of Pyrotenax
Cables, Ltd.)

Threaded gland
End seal

Brass 
gland
nut

Brass 
gland
body

NPT
taper
thread

Brass screw-on
pot (cuts its own
thread as it screws
on to the cable sheath)

Insulating cap

Anchoring beading
securing sleeving

Insulating sleeving
(may be color coded)
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501.10Article 501 — Class I Locations

under which Type ITC cable can be used in Class I, Division
1 locations parallel those in 501.10(A)(1)(c) for Type MC-
HL cable.

(2) Flexible Connections Where necessary to employ flex-
ible connections, as at motor terminals, flexible fittings listed
for Class I, Division 1 locations or flexible cord in accor-
dance with the provisions of 501.140 shall be permitted.

Flexible connection fittings are available in lengths up to 3 ft
for use in Class I, Division 1 locations. A flexible connection
fitting consists of a deeply corrugated bronze tube with an
internal nonmetallic tubular protective liner and an outer
cover of braided fine bronze wires. A threaded fitting is
securely attached to each end of the flexible tube. This type
of flexible fitting is commonly used at motor connections,Exhibit 501.5 An explosionproof junction box with a screw-type

cover. (Courtesy of O-Z/Gedney, a division of EGS Electrical can withstand continuous vibration for long periods, is explo-
Group) sionproof, and affords maximum protection to any enclosed

conductors. Limited use of flexible cord in accordance with
501.140 is also permitted for specific applications where

separate grounding conductors in accordance with 250.122, flexibility of the wiring method is made necessary by the
and provided with termination fittings listed for the applica- type of equipment being supplied.
tion.

FPN: See 330.12 for restrictions on use of Type MC (3) Boxes and Fittings All boxes and fittings shall be ap-
cable.

proved for Class I, Division 1.

Due to the potential for physical damage to Type MC cable, (B) Class I, Division 2
its application is limited to cable that is listed specifically (1) General In Class I, Division 2 locations, the following
for use in Class I, Division 1 locations and installed at wiring methods shall be permitted:
facilities that have full-time, qualified maintenance person-

(1) All wiring methods permitted in Article 501.10(A).nel. This special-use cable is identified as Type MC-HL.
(2) Threaded rigid metal conduit, threaded steel intermedi-Qualified maintenance personnel are those who, in the course

ate metal conduit.of regular maintenance procedures, would notice whether
(3) Enclosed gasketed busways, enclosed gasketed wire-cables were damaged, understand the associated hazards, and

ways.are able to de-energize the circuit to repair the installation.
(4) Type PLTC cable in accordance with the provisions of

Article 725, or in cable tray systems. PLTC shall be
installed in a manner to avoid tensile stress at the termi-(d) In industrial establishments with restricted public
nation fittings.access, where the conditions of maintenance and supervision

(5) Type ITC cable as permitted in 727.4.ensure that only qualified persons service the installation,
(6) Type MI, MC, MV, or TC cable with termination fit-Type ITC-HL cable, listed for use in Class I, Division 1

tings, or in cable tray systems and installed in a mannerlocations, with a gas/vaportight continuous corrugated me-
to avoid tensile stress at the termination fittings. Singletallic sheath, an overall jacket of suitable polymeric material
conductor Type MV cables shall be shielded or metallicand provided with termination fittings listed for the applica-
armored.tion.

(2) Flexible Connections Where provision must be made
Type ITC-HL cable has a gastight/vaportight continuous for limited flexibility, one or more of the following shall
corrugated metallic sheath and a polymeric jacket and is also be permitted:
listed for use in Class I, Division 1 locations. Type ITC-HL

(1) Flexible metal fittingscable is permitted to be used in industrial establishments
(2) Flexible metal conduit with listed fittingsthat have specific conditions of operation. The conditions
(3) Liquidtight flexible metal conduit with listed fittings

National Electrical Code Handbook 2005 675

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

--```,,``,`,,,`,`,`,`,,,,,,`,,,-`-`,,`,,`,`,,`---



501.15 Article 501 — Class I Locations

the ignition temperature in degrees Celsius. Where general-(4) Liquidtight flexible nonmetallic conduit with listed fit-
tings purpose enclosures are permitted by 501.10(B)(4), rigid or

intermediate metal conduit may be used with locknuts and(5) Flexible cord listed for extra-hard usage and provided
with listed bushed fittings. An additional conductor for bushings. However, a bonding jumper with proper fittings

or bonding-type locknuts is required to be used between thegrounding shall be included in the flexible cord.
enclosure and the raceway to ensure adequate bonding from

FPN: See 501.30(B) for grounding requirements where
the hazardous area to the point of grounding at the serviceflexible conduit is used.
equipment or separately derived system. See 501.30 for

(3) Nonincendive FieldWiring Nonincendive field wiring grounding and bonding requirements.
shall be permitted using any of the wiring methods permitted Where limited flexibility is necessary and approved fit-
for unclassified locations. Nonincendive field wiring sys- tings are required for use with flexible metal conduit, liq-
tems shall be installed in accordance with the control draw- uidtight flexible conduit, and extra-hard-usage flexible cord,
ing(s). Simple apparatus, not shown on the control drawing, the fittings are not required to be specifically approved for
shall be permitted in a nonincendive field wiring circuit, Class I locations. Also, where flexible conduit or liquidtight
provided the simple apparatus does not interconnect the flexible conduit is used, internal or external bonding jumpers
nonincendive field wiring circuit to any other circuit. with proper fittings must be provided, in accordance with

501.30(B), unless liquidtight flexible conduit is installed
under the conditions described in 501.30(B), Exception.The installation of nonincendive field wiring is covered in

Section 501.10(B)(1) permits a variety of cable types,501.10(B)(3). See the commentary following 501.105(B)(1),
cable tray systems in accordance with 392.3(D), enclosedException, and the definitions of nonincendive circuit and
gasketed wireways, and enclosed gasketed busways. Thenonincendive field wiring in 500.2. Many low-voltage, low-
cable and cable fittings, cable trays, wireways, and buswaysenergy circuits are of the nonincendive type. However, a
are not required to be specifically listed or labeled for ClassClass 2 circuit, as defined in Article 725, is not necessarily
I, Division 2 locations. For example, if Type ITC or MCnonincendive. Testing laboratories, such as Factory Mutual
cable is used, neither the cable nor the fittings need to beResearch Corp. and Underwriters Laboratories Inc., list
listed for use in hazardous (classified) locations. Type ACmany types of equipment that have nonincendive circuits
cable is not a permitted wiring method in 501.10(B) becauseintended for connection of nonincendive field wiring. This
of concern about arcing between convolutions duringequipment is evaluated for use in one or more of the Class
ground-fault conditions.I gas or vapor groups and is permitted for use only in Divi-

Any wiring method suitable for ordinary locations maysion 2 locations. Some common telephone circuits and ther-
be used for nonincendive field wiring. See 501.10(B)(3).mocouple circuits are also nonincendive.

501.15 Sealing and DrainageFPN: Simple apparatus is defined in 504.2.

Seals in conduit and cable systems shall comply with
Separate nonincendive field wiring circuits shall be in- 501.15(A) through 501.15(F). Sealing compound shall be

stalled in accordance with one of the following: used in Type MI cable termination fittings to exclude mois-
ture and other fluids from the cable insulation.(1) In separate cables

(2) In multiconductor cables where the conductors of each FPN No. 1: Seals are provided in conduit and cable
circuit are within a grounded metal shield systems to minimize the passage of gases and vapors and

prevent the passage of flames from one portion of the(3) In multiconductor cables, where the conductors of each
electrical installation to another through the conduit. Suchcircuit have insulation with a minimum thickness of
communication through Type MI cable is inherently pre-0.25 mm (0.01 in.)
vented by construction of the cable. Unless specifically
designed and tested for the purpose, conduit and cable(4) Boxes and Fittings Boxes and fittings shall not be re-
seals are not intended to prevent the passage of liquids,

quired to be explosionproof except as required by gases, or vapors at a continuous pressure differential
501.105(B)(1), 501.115(B)(1), and 501.150(B)(1). across the seal. Even at differences in pressure across

the seal equivalent to a few inches of water, there may
be a slow passage of gas or vapor through a seal andIn Class I, Division 2 locations, boxes, fittings, and joints through conductors passing through the seal. See

are not required to be explosionproof at lighting outlets or 501.15(E)(2). Temperature extremes and highly corrosive
at enclosures containing no arcing devices, such as solenoids liquids and vapors can affect the ability of seals to per-

form their intended function. See 501.15(C)(2).and control transformers, if the maximum operating tempera-
FPN No. 2: Gas or vapor leakage and propagation ofture of any exposed surface does not exceed 80 percent of
flames may occur through the interstices between the
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501.15Article 501 — Class I Locations

strands of standard stranded conductors larger than 2 For the purposes of this section, high temperatures shall
AWG. Special conductor constructions, for example, be considered to be any temperatures exceeding 80 percent
compacted strands or sealing of the individual strands,

of the autoignition temperature in degrees Celsius of the gasare means of reducing leakage and preventing the propa-
or vapor involved.gation of flames.

Exception to 501.15(A)(1)(1): Seals shall not be required for
The sealing compound used in conduit seal fittings is some- conduit entering an enclosure where such switches, circuit
what porous, so that gases, particularly those under slight breakers, fuses, relays, or resistors comply with one of the
pressure and those with small molecules such as hydrogen, following:
can pass slowly through the sealing compound. Also, the

(1) Are enclosed within a chamber hermetically sealedseal is around the insulation on the conductor, and gases can
against the entrance of gases or vaporsbe transmitted slowly through the air spaces (the interstices)

(2) Are immersed in oil in accordance withbetween strands of stranded conductors. The cable core does
501.115(B)(1)(2)not include the interstices of the conductor strands.

(3) Are enclosed within a factory-sealed explosionproofExperience has shown, however, that under normal con-
chamber located within the enclosure, identified for theditions for smaller conductors, and with only normal atmo-
location, and marked ‘‘factory sealed’’ or equivalent,spheric pressure differentials across the seal, the passage of
unless the enclosure entry is metric designator 53 (tradegas through a seal is not sufficient to result in a hazard. For
size 2) or largerlarger conductors, however, gas or vapor leakage and flame

(4) Are in nonincendive circuitspropagation may occur through the interstices between the
strands, of stranded conductors. Special conductor construc-

Factory-sealed enclosures shall not be considered totions, such as compacted strands or sealing individual
serve as a seal for another adjacent explosionproof enclosurestrands, may reduce leakage and prevent flame propagation.
that is required to have a conduit seal.Sealing fittings should be used only with the sealing

Conduit seals shall be installed within 450 mm (18 in.)compound or compounds recommended by the fitting manu-
from the enclosure. Only explosionproof unions, couplings,facturer. Different sealing compounds have different rates of
reducers, elbows, capped elbows, and conduit bodies similarexpansion and contraction that may affect their performance
to L, T, and Cross types that are not larger than the tradewithin a given fitting. Sealing compound must be used as
size of the conduit shall be permitted between the sealingsoon as possible on Type MI cable terminations to exclude
fitting and the explosionproof enclosure.moisture from cable insulation.

The use of Teflon tapes or joint compounds on conduit
(2) Pressurized Enclosures In each conduit entry into athreads may weaken the seal fitting and interrupt the equip-
pressurized enclosure where the conduit is not pressurizedment grounding path. Cracks have developed in fittings dur-
as part of the protection system. Conduit seals shall being hydrostatic testing in which these materials were used.
installed within 450 mm (18 in.) from the pressurized enclo-
sure.

(A) Conduit Seals, Class I, Division 1 In Class I, Division
FPN No. 1: Installing the seal as close as possible to the1 locations, conduit seals shall be located in accordance with
enclosure will reduce problems with purging the dead501.15(A)(1) through (A)(4).
airspace in the pressurized conduit.
FPN No. 2: For further information, see NFPA 496-(1) Entering Enclosures In each conduit entry into an ex-
2003, Standard for Purged and Pressurized Enclosuresplosionproof enclosure where either of the following apply:
for Electrical Equipment.

(1) The enclosure contains apparatus, such as switches, cir-
cuit breakers, fuses, relays, or resistors, that may pro- (3) Two or More Explosionproof Enclosures Where two

or more explosionproof enclosures for which conduit sealsduce arcs, sparks, or high temperatures that are
considered to be an ignition source in normal operation. are required under 501.15(A)(1) are connected by nipples

or by runs of conduit not more than 900 mm (36 in.) long,(2) The entry is metric designator 53 (trade size 2) or larger
and the enclosure contains terminals, splices, or taps. a single conduit seal in each such nipple connection or run

of conduit shall be considered sufficient if located not more
than 450 mm (18 in.) from either enclosure.In each 2-in. or larger conduit, a sealing fitting must be

placed within 18 in. of the conduit entrance to any explo-
sionproof enclosure, regardless of whether the enclosure An example of 501.15(A) requirements for the location of

conduit seals in Class I, Division 1 locations is illustratedcontains arcing or sparking equipment or only splices, taps,
or terminals. in Exhibit 501.6. In the example shown in Exhibit 501.6,
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501.15 Article 501 — Class I Locations

Exhibit 501.7 An explosionproof union. (Courtesy of Thomas &
Betts Corp.)

within 3.05 m (10 ft) of the boundary and shall be designed
and installed so as to minimize the amount of gas or vapor
within the Division 1 portion of the conduit from being
communicated to the conduit beyond the seal. Except for
listed explosionproof reducers at the conduit seal, there shall
be no union, coupling, box, or fitting between the conduit

No. 3
Off

On

Explosionproof 
enclosure 
requiring 
sealing

Explosionproof 
enclosure 
requiring 
sealing

Explosionproof 
enclosure 
requiring 
sealing

"T"

18 in. 
max.

18 in.

18 in. max.

36 in. max.

Seal

Seal

No. 1 No. 218 in.

seal and the point at which the conduit leaves the Division
1 location.Exhibit 501.6 Two seals required so that the run of conduit

between Enclosure No. 1 and Enclosure No. 2 is sealed. Even Exception No. 1: Metal conduit that contains no unions,
if Enclosure No. 3 were not required to be sealed, the vertical

couplings, boxes, or fittings, and passes completely throughseal in the vertical run of conduit to Enclosure No. 3 would be
a Class I, Division 1 location with no fittings less than 300required to be sealed within 18 in. of Enclosure No. 1, because
mm (12 in.) beyond each boundary, shall not require athe vertical conduit run to the ‘‘T’’ fitting is a conduit run to
conduit seal if the termination points of the unbroken conduitEnclosure No. 1.
are in unclassified locations.

Exception No. 2: For underground conduit installed in ac-two seals are required so that the run of conduit between
cordance with 300.5 where the boundary is beneath theEnclosure No. 1 and Enclosure No. 2 is sealed.
ground, the sealing fitting shall be permitted to be installedA seal in a conduit prevents an explosion from traveling
after the conduit leaves the ground, but there shall be nothrough the conduit to another enclosure and minimizes the
union, coupling, box, or fitting, other than listed explo-passage of gases or vapors from a hazardous (classified)
sionproof reducers at the sealing fitting, in the conduit be-location to a nonhazardous location. If the conduit enters an
tween the sealing fitting and the point at which the conduitenclosure that contains arcing or high-temperature equip-
leaves the ground.ment, a sealing fitting must be placed within 18 in. of the

enclosure it isolates; conduit bodies (‘‘L,’’ ‘‘T,’’ etc.), cou-
A sealing fitting is also required at the point where theplings, unions, and elbows are the only enclosures or fittings
conduit leaves a Division 1 location or passes from a Divi-permitted between the seal and the enclosure. Exhibit 501.6
sion 2 location to an unclassified location. The sealing fittingillustrates the placement of conduit seals. See Exhibit 501.7
is permitted on either side of the boundary, and no union,for an approved type of union. If two enclosures are spaced
coupling, box, or similar fitting is permitted between thenot more than 36 in. apart as is the case with enclosures
seal and the boundary. However, approved explosionproofNo. 1 and No. 2, a single seal may be placed between two
reducers are permitted to be installed in conduit seals.connecting nipples if the seal is located not more than 18

It is preferable to locate the sealing fitting on the nonhaz-in. from either enclosure.
ardous side of the boundary. A sealing fitting located as
such serves two purposes: It completes the explosionproof

(4) Class I, Division 1 Boundary In each conduit run leav- wiring method, and it completes the explosionproof enclo-
ing a Class I, Division 1 location. The sealing fitting shall sure system. Note that a 1⁄2-in. conduit connected to an explo-
be permitted on either side of the boundary of such location
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501.15Article 501 — Class I Locations

Additionally Exhibit 501.8 shows a seal provided withinsionproof box that contains only splices, even in a Division
1 location, is not required to be sealed within 18 in. of the 18 in. of the switch controlling the lighting. The design of the

luminaire, as required by ANSI/UL 844, Electric Lightingbox. The sealing fitting at the boundary of the Division 1
location serves to complete the explosionproof system. The Fixtures for Use in Hazardous (Classified) Locations, is

such that the explosionproof chamber for the wiring mustsealing fitting at the boundary also prevents the conduit
system from serving as a pipe to transmit flammable mix- be separated or sealed from the lamp compartment; hence,

a separate seal is not required adjacent to luminaires thattures from a Division 1 or Division 2 location to an unclassi-
fied location. comply with ANSI/UL 844. The luminaire is suspended on

a conduit stem threaded into the cover of an explosionproofExhibit 501.8 illustrates a Class I, Division 1 location
using threaded rigid metal conduit or threaded intermediate ceiling box. See 501.130 for luminaire requirements.
metal conduit and explosionproof fittings and equipment,
including motors, motor controllers, pushbutton stations,

(B) Conduit Seals, Class I, Division 2 In Class I, Divisionlighting outlets, and junction boxes. The enclosures for the
2 locations, conduit seals shall be located in accordance withdisconnecting means and motor controller for the motor
501.15(B)(1) and (B)(2).(right portion of the drawing) are placed on the other side

of the wall in a nonhazardous location and are thus not
(1) Entering Enclosures For connections to enclosuresrequired to be explosionproof.
that are required to be explosionproof, a conduit seal shallIn Exhibit 501.8, each of the three conduits is sealed
be provided in accordance with 501.15(A)(1) and (A)(3).on the nonhazardous side before passing into the hazardous
All portions of the conduit run or nipple between the seal(classified) location. The pigtail leads of both motors are
and such enclosure shall comply with 501.10(A).factory sealed at the motor-terminal housing, and, unless

the size of the flexible fitting entering the motor-terminal
In Class I, Division 2 locations, a seal is required in eachhousing is trade size 2 or larger, no other seals are needed
conduit entering an enclosure that is required to be explo-at this point. Because the push-button control station and
sionproof, in order to complete the explosionproof enclosure.the motor controller and disconnect (left portion of the draw-

ing) are considered arc-producing devices, conduits are
sealed within 18 in. of the entrance to these enclosures. Seals

(2) Class I, Division 2 Boundary In each conduit run pass-are required even though the contacts may be immersed in
ing from a Class I, Division 2 location into an unclassifiedoil.
location. The sealing fitting shall be permitted on either side

Exhibit 501.8 A Class I, Divi-
sion 1 location where threaded
metal conduits, sealing fittings,
explosionproof fittings, and
equipment for power and lights
are used.

Switch

Pushbutton
station

Unions

Flexible 
conduit Junction 

box

Light fixture

Combination 
switch and 

starter

Motor

Class I location

Nonhazardous location area
seal at bondary location

Seal at 
boundary

Lockable-type 
disconnect and motor 
controller located in
nonhazardous area
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501.15 Article 501 — Class I Locations

of the boundary of such location within 3.05 m (10 ft) of the or tube to prevent flammable or combustible fluids from
entering the conduit system.boundary. Rigid metal conduit or threaded steel intermediate

metal conduit shall be used between the sealing fitting and (4) The conduit system segment contains only threaded
metal conduit, unions, couplings, conduit bodies, andthe point at which the conduit leaves the Division 2 location,

and a threaded connection shall be used at the sealing fitting. fittings in the unclassified location.
(5) The conduit system segment is sealed at its entry toExcept for listed reducers at the conduit seal, there shall be

no union, coupling, box, or fitting between the conduit seal each enclosure or fitting housing terminals, splices, or
taps in Class I, Division 2 locations.and the point at which the conduit leaves the Division 2

location. Conduits shall be sealed to minimize the amount
(C) Class I, Divisions 1 and 2 Seals installed in Class

of gas or vapor within the Division 2 portion of the conduit
I, Division 1 and Division 2 locations shall comply with

from being communicated to the conduit beyond the seal.
501.15(C)(1) through (C)(6).

Such seals shall not be required to be explosionproof but
Exception: Seals not required to be explosionproof byshall be identified for the purpose of minimizing passage
501.15(B)(2) or 504.70.of gases under normal operating conditions and shall be

accessible. (1) Fittings Enclosures for connections or equipment shall
be provided with an integral means for sealing, or sealingException No. 1: Metal conduit that contains no unions,
fittings listed for the location shall be used. Sealing fittingscouplings, boxes, or fittings, and passes completely through
shall be listed for use with one or more specific compoundsa Class I, Division 2 location with no fittings less than 300
and shall be accessible.mm (12 in.) beyond each boundary, shall not be required to

be sealed if the termination points of the unbroken conduit (2) Compound The compound shall provide a seal against
are in unclassified locations.

passage of gas or vapors through the seal fitting, shall not
Exception No. 2: Conduit systems terminating at an unclas- be affected by the surrounding atmosphere or liquids, and
sified location where a wiring method transition is made to shall not have a melting point of less than 93�C (200�F).
cable tray, cablebus, ventilated busway, Type MI cable, or

(3) Thickness of Compounds Except for listed cable seal-cable not installed in any cable tray or raceway system,
ing fittings, the thickness of the sealing compound in ashall not be required to be sealed where passing from the
completed seal shall not be less than the metric designatorClass I, Division 2 location into the unclassified location.
(trade size) of the sealing fitting expressed in the units ofThe unclassified location shall be outdoors or, if the conduit
measurement employed, and in no case less than 16 mm (5⁄8system is all in one room, it shall be permitted to be indoors.
in.).The conduits shall not terminate at an enclosure containing

an ignition source in normal operation. (4) Splices and Taps Splices and taps shall not be made
Exception No. 3: Conduit systems passing from an enclosure in fittings intended only for sealing with compound, nor
or room that is unclassified as a result of pressurization into shall other fittings in which splices or taps are made be filled
a Class I, Division 2 location shall not require a seal at the with compound.
boundary.

(5) Assemblies In an assembly where equipment that may
FPN: For further information, refer to NFPA 496-2003, produce arcs, sparks, or high temperatures is located in a
Standard for Purged and Pressurized Enclosures for compartment separate from the compartment containing
Electrical Equipment. splices or taps, and an integral seal is provided where conduc-

tors pass from one compartment to the other, the entireException No. 4: Segments of aboveground conduit systems
assembly shall be identified for the location. Seals in conduitshall not be required to be sealed where passing from a
connections to the compartment containing splices or tapsClass I, Division 2 location into an unclassified location if
shall be provided in Class I, Division 1 locations whereall of the following conditions are met:
required by 501.15(A)(1)(2).

(1) No part of the conduit system segment passes through
a Class I, Division 1 location where the conduit contains (6) Conductor Fill The cross-sectional area of the conduc-

tors permitted in a seal shall not exceed 25 percent of theunions, couplings, boxes, or fittings within 300 mm (12
in.) of the Class I, Division 1 location. cross-sectional area of a rigid metal conduit of the same

trade size unless it is specifically identified for a higher(2) The conduit system segment is located entirely in out-
door locations. percentage of fill.

(3) The conduit system segment is not directly connected
to canned pumps, process or service connections for The maximum permitted fill for the conduit is 40 percent;
flow, pressure, or analysis measurement, and so forth, the maximum permitted fill for most conduit seals is 25
that depend on a single compression seal, diaphragm,
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501.15Article 501 — Class I Locations

Type MC-HL cable has a continuous corrugated metallicpercent. If the conduit fill exceeds 25 percent of the cross-
sectional area of the sealing fitting, a larger trade size seal sheath that is gastight/vaportight and an outer nonmetallic

material that enables it to be installed in wet locations. Typemay be required. Reducers are allowed for connection of a
larger trade size sealing fitting to the conduit. Exhibit 501.9 MC-HL cables are available with ratings up to 35,000 volts.

The cable is specifically listed for use in Class I, Divisionillustrates the proper sealing of a fitting. A dam must be
provided to prevent the sealing material, while still in the 1 locations.

The provisions of 501.15(D) contain the sealing require-liquid state, from running out of the fitting. All conductors
must be separated to permit the sealing material to run ments for cables installed in Class I, Division 1 locations,

which differ from the requirements for sealing conduits.between them. The sealing compound must have a minimum
thickness of not less than the trade size of the conduit and Conduits entering explosionproof enclosures must be sealed

if the enclosure contains equipment that produces arcs,in no case less than 5⁄8 in. Conduit fittings for sealing are to
be used only with sealing compound that is supplied with sparks, or high temperatures or if the conduit entering the

enclosure is trade size 2 or larger. In accordance withthe fitting and specified by the manufacturer in instructions
furnished with the fitting. 501.15(D)(1), cables must be sealed at all terminations, irre-

spective of the type of equipment contained in the enclosure
or the diameter of the cable. Exhibit 501.10 shows an exam-
ple of a cable sealing fitting for Type MC-HL cable.

Exhibit 501.9 A sealing fitting placed in a run of conduit to
Exhibit 501.10 An explosionproof sealing fitting for Type MC-minimize the passage of gases from one portion of the electrical
HL cable. (Courtesy of Cooper Crouse-Hinds)installation to another. (Courtesy of Appleton Electric Co., EGS

Electrical Group)

Exception: Shielded cables and twisted pair cables shall not
(D) Cable Seals, Class I, Division 1 In Class I, Division require the removal of the shielding material or separation of
1 locations, cable seals shall be located according to the twisted pairs, provided the termination is by an approved
501.15(D)(1) through (D)(3). means to minimize the entrance of gases or vapors and

prevent propagation of flame into the cable core.(1) At Terminations Cable shall be sealed at all termina-
tions. The sealing fitting shall comply with 501.15(C). Multi-
conductor Type MC-HL cables with a gas/vaportight Shielded cables and twisted pair cables, commonly used for
continuous corrugated metallic sheath and an overall jacket signaling and instrumentation circuits, are permitted by the
of suitable polymeric material shall be sealed with a listed exception to 501.15(D) to be sealed without removal of the
fitting after removing the jacket and any other covering so outer sheathing or the separation of the twisted conductors.
that the sealing compound surrounds each individual insu- The need to provide a suitable seal while not adversely
lated conductor in such a manner as to minimize the passage affecting the operational performance of these cables is ac-
of gases and vapors. complished through this exception.

In accordance with 501.10(A)(1)(c), Type MC-HL cable is
(2) Cables Capable of TransmittingGases or Vapors Ca-permitted as a wiring method in Class I, Division 1 areas.
bles in conduit with a gas/vaportight continuous sheath capa-
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501.15 Article 501 — Class I Locations

ble of transmitting gases or vapors through the cable core If cables are run from a Type Z pressurized room or enclosure
shall be sealed in the Division 1 location after removing the into a Class I, Division 2 location, Exception No. 1 to
jacket and any other coverings so that the sealing compound 501.15(E)(1) allows the cables to be installed without a
will surround each individual insulated conductor and the sealing fitting at the boundary. This exception correlates
outer jacket. with a similar allowance for conduit systems found in

501.15(B)(2), Exception No. 3.Exception: Multiconductor cables with a gas/vaportight
continuous sheath capable of transmitting gases or vapors
through the cable core shall be permitted to be considered

Exception No. 2: Shielded cables and twisted pair cablesas a single conductor by sealing the cable in the conduit
shall not require the removal of the shielding material orwithin 450 mm (18 in.) of the enclosure and the cable end
separation of the twisted pairs, provided the termination iswithin the enclosure by an approved means to minimize the
by an approved means to minimize the entrance of gases orentrance of gases or vapors and prevent the propagation of
vapors and prevent propagation of flame into the cable core.flame into the cable core, or by other approved methods.

For shielded cables and twisted pair cables, it shall not be
(2) Cables That Do Not Transmit Gases or Vapors Ca-required to remove the shielding material or separate the
bles that have a gas/vaportight continuous sheath and do nottwisted pair.
transmit gases or vapors through the cable core in excess
of the quantity permitted for seal fittings shall not be required

The intent of the exception to 501.15(D)(2) is to permit flat to be sealed except as required in 501.15(E)(1). The mini-
computer cables, coaxial cables, and twisted pair cables to mum length of such cable run shall not be less than that
be treated as single conductors if installed in conduit, because length that limits gas or vapor flow through the cable core
separating the individual conductors or removing the outer to the rate permitted for seal fittings [200 cm3/hr (0.007 ft3/
jacket (of a coaxial cable or a twisted pair, for example) is hr) of air at a pressure of 1500 pascals (6 in. of water)].
impractical and can destroy the electrical properties of the
cable.

The ability of a cable to transmit gases or vapors throughIn addition to the cable seal, the end of the cable within
the core (primarily between insulated conductors) dependsthe enclosure must also be sealed.
not only on how tightly packed the conductors are within
the outer sheaths and the location and composition of fillers
but also on how the cable has been handled and the geometry(3) Cables Incapable of Transmitting Gases or Va-
of the cable run. If there is any question as to whether orpors Each multiconductor cable in conduit shall be consid-
not the cable run is capable of transmitting gases or vaporsered as a single conductor if the cable is incapable of
through the core, a sealing fitting should be installed. Seetransmitting gases or vapors through the cable core. These
the commentary following 501.15, FPN No. 1.cables shall be sealed in accordance with 501.15(A).

(E) Cable Seals, Class I, Division 2 In Class I, Division
FPN No. 1: See ANSI/UL 886-1994, Outlet Boxes and2 locations, cable seals shall be located in accordance with
Fittings for Use in Hazardous (Classified) Locations.501.15(E)(1) through (E)(4).

(1) Terminations Cables entering enclosures that are re- In a leak rate test, the ends of each individual conductor in
quired to be explosionproof shall be sealed at the point of the cable are sealed to prevent migration of gases or vapors
entrance. The sealing fitting shall comply with 501.15(B)(1). between the individual strands of wire. Sealing can be
Multiconductor cables with a gas/vaportight continuous achieved by dipping the cable end in hot wax. The rate of
sheath capable of transmitting gases or vapors through the flow through the filler between the insulated conductors can
cable core shall be sealed in a listed fitting in the Division now be accurately measured, excluding any leakage through
2 location after removing the jacket and any other coverings the conductor strands. If this is done, the wax should be
so that the sealing compound surrounds each individual insu- removed before the connections are made and the system
lated conductor in such a manner as to minimize the passage is placed in service.
of gases and vapors. Multiconductor cables in conduit shall
be sealed as described in 501.15(D).

FPN No. 2: The cable core does not include the inter-
Exception No. 1: Cables passing from an enclosure or room stices of the conductor strands.
that is unclassified as a result of Type Z pressurization into
a Class I, Division 2 location shall not require a seal at the (3) Cables Capable of TransmittingGases or Vapors Ca-

bles with a gas/vaportight continuous sheath capable ofboundary.
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501.15Article 501 — Class I Locations

transmitting gases or vapors through the cable core shall not
be required to be sealed except as required in 501.15(E)(1),
unless the cable is attached to process equipment or devices
that may cause a pressure in excess of 1500 pascals (6 in.
of water) to be exerted at a cable end, in which case a seal,
barrier, or other means shall be provided to prevent migration
of flammables into an unclassified location.

Exception: Cables with an unbroken gas/vaportight contin-
uous sheath shall be permitted to pass through a Class I,
Division 2 location without seals.

(4) Cables Without Gas/Vaportight Sheath Cables that
do not have gas/vaportight continuous sheath shall be sealed
at the boundary of the Division 2 and unclassified location
in such a manner as to minimize the passage of gases or
vapors into an unclassified location.

(F) Drainage

Exhibit 501.11 A sealing fitting with an automatic drain plug.
Unless the additional seal or barrier, described in (Courtesy of Appleton Electric Co., EGS Electrical Group)
501.15(F)(3), and interconnecting enclosures meet the per-
formance requirements of the primary seal, the application
of pressure or exposure to extreme temperatures must be
prevented at the additional seal or barrier so that the process
fluid will not enter the conduit system if the primary seal
fails. If the process fluid is a gas or can become a gas under
ordinary atmospheric conditions (liquefied natural gas, for
example), the drain mentioned in 501.15(F)(3) should be
a vent. See the commentary following 501.15(F)(3). The
necessary sealing may be accomplished by a sealing fitting
and compound.

To eliminate the time-consuming task of field-poured
seals, a factory-sealed device with the seal designed into the
device is permissible. A wide selection of factory-sealed

Exhibit 501.12 A combination breather-drainage fitting. (Cour-devices are available for a variety of installations in hazard-
tesy of Appleton Electric Co., EGS Electrical Group)ous (classified) locations. For example, explosionproof mo-

tors are normally factory sealed and therefore require no
additional seal. Factory-sealed devices are usually marked fittings are also available. It is good practice to consider the
as such. If a conduit terminates in a motor, however, and if installation of drain, breather, or combination fittings to
the conduit is 2 in. or larger, a seal must be placed within guard against water accumulation, which can cause future
18 in. of the motor terminal housing. insulation failures, even though prevalent conditions may

Exhibit 501.11 shows a sealing fitting designed for use not indicate a need.
in a vertical run of conduit to provide drainage for any
condensation of moisture trapped by the seal above the en-
closure. Any accumulation of water runs down over the (1) Control Equipment Where there is a probability that
surface of the sealing compound, flowing through an explo- liquid or other condensed vapor may be trapped within enclo-
sionproof drain. sures for control equipment or at any point in the raceway

Exhibit 501.12 shows a combination drain and breather system, approved means shall be provided to prevent accu-
fitting. This type of fitting is specifically designed to serve mulation or to permit periodic draining of such liquid or
as a water drain and air vent while providing positive explo- condensed vapor.
sionproof protection. The fitting permits the escape of accu-

(2) Motors and Generators Where the authority havingmulated water through its drain, and the breather allows the
jurisdiction judges that there is a probability that liquid orcontinuous circulation of air, preventing condensation of any
condensed vapor may accumulate within motors or genera-moisture that may be present. Individual drain or breather
tors, joints and conduit systems shall be arranged to minimize
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501.15 Article 501 — Class I Locations

ant for sealing fittings is not designed to withstand highthe entrance of liquid. If means to prevent accumulation or
to permit periodic draining are judged necessary, such means pressure or extremely low temperatures, which might be

encountered in canned pump installations. Therefore, a sec-shall be provided at the time of manufacture and shall be
considered an integral part of the machine. ond seal or barrier is required to prevent fluid from entering

the electrical conduit or cable system. In addition to this
(3) Canned Pumps, Process, or Service Connections, etc. seal or barrier, a drain, vent, or other similar device that
For canned pumps, process, or service connections for flow, indicates failure of the primary seal must be provided.
pressure, or analysis measurement, and so forth, that depend This redundant protection system may be achieved by
on a single compression seal, diaphragm, or tube to prevent installing a vented junction (box) enclosure within the classi-
flammable or combustible fluids from entering the electrical fied area where the conductors terminate on busbars. Termi-
raceway or cable system capable of transmitting fluids, an nating the conductors in this manner allows any fluid that
additional approved seal, barrier, or other means shall be escapes through the primary seal and that has traveled
provided to prevent the flammable or combustible fluid from through the stranding of the conductors to vent at the termi-
entering the raceway or cable system capable of transmitting nations. The circuit continues through the vented enclosure
fluids beyond the additional devices or means, if the primary at normal atmospheric pressure to another set of conductors
seal fails. The additional approved seal or barrier and the that also must be sealed with a sealing fitting if they travel
interconnecting enclosure shall meet the temperature and into a different classified area. A gas detector can be installed
pressure conditions to which they will be subjected upon in the vicinity of the vented termination box to signal that
failure of the primary seal, unless other approved means are the primary seal has failed and allow an orderly shutdown
provided to accomplish this purpose. Drains, vents, or other of the process system either automatically or manually.
devices shall be provided so that primary seal leakage will Commentary Table 5.3 summarizes the sealing require-
be obvious. ments of 501.15.

FPN: See also the fine print notes to 501.15.

Process-connected equipment that is listed and marked
Canned pumps and other process equipment that operate ‘‘Dual Seal’’ shall not require additional process sealing
above atmospheric pressure are provided with a primary seal when used within the manufacturer’s ratings.
where the electrical conductors enter the pump or equipment

FPN: For construction and testing requirements for dualcontaining flammable liquids or gases under pressure. Seal-
seal process connected equipment, refer to ISA 12.27.01,

Commentary Table 5.3 Conduit and Cable Sealing Requirements

Classification Application Location of Seal

Conduit Seals In conduit run within 18 in. of enclosure

Class I, Division 1 Switch enclosure
Circuit breaker enclosure
Fuse enclosure
Relay enclosure
Resistor enclosure
Arcing or sparking apparatus
High-temperature apparatus

Explosionproof enclosure containing arcing or sparking In conduit runs of 11⁄2 in. and smaller, no seal is required.
contacts that are hermetically sealed against gas or If conduit is larger than 11⁄2 in., in conduit run within
vapor entry 18 in. of enclosure

Explosionproof enclosure containing arcing or sparking
contacts that are immersed in oil, in accordance with
501.115(B)(1)(2)

Enclosure containing terminals, splices, or taps fitting In conduit runs smaller than trade size 2, no seal is
containing terminals, splices, or taps required. If conduit is 2 in. or larger, in conduit run

within 18 in. of enclosure
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501.15Article 501 — Class I Locations

Commentary Table 5.3 Continued

Classification Application Location of Seal

Two explosionproof enclosures with a conduit run In conduit run within 18 in. of each enclosure. Permitted
between them of 36 in. or less to use a single seal in each run as long as the seal

is within 18 in. of each enclosure

Two explosionproof enclosures with a conduit run In conduit run within 18 in. of each enclosure
between them greater than 36 in.

Conduit run leaving Division 1 location On either side of boundary. No unions, couplings, boxes,
or fittings (other than explosionproof reducers)
permitted between the seal fitting and the point where
the conduit leaves the Division 1 location.

Metal conduit containing no unions, couplings, boxes, Not required to be sealed if the termination points of the
or fittings that passes completely through a Class I, unbroken conduit are in unclassified locations.
Division 1 location, with no fittings less than 12 in.
beyond each boundary

Class I, Division 2 Enclosure required to be explosionproof Seal as required for similar equipment in Division 1
location

Conduit run leaving Division 2 location On either side of boundary. No unions, couplings, boxes,
or fittings (other than explosionproof reducers)
permitted between the seal fitting and the point where
the conduit leaves the Division 2 location. Not required
to be explosionproof seal.

Metal conduit containing no unions, couplings, boxes, Not required to be sealed if the termination points of the
or fittings that passes completely through a Division unbroken conduit are in unclassified locations.
2 location with no fittings less than 12 in. beyond each
boundary

Conduit systems terminating at an unclassified location Not required to be sealed if passing from the Class I,
where a wiring method transition is made to cable tray, Division 2 location into an outdoor unclassified location
cablebus, ventilated busway, Type MI cable, or open or an indoor location if the conduit system is all in one
wiring room. The conduits do not terminate at an enclosure

containing an ignition source in normal operation.

Cable Seals Enclosure with integral seal Multiconductor Type MC-HL Conduit seal fitting not required Seal at all terminations
Class I, Division 1 cables with a gastight/vaportight continuous with an approved fitting after removing the jacket and

corrugated metallic sheath and an overall jacket of any other covering, so that the sealing compound
suitable polymeric material surrounds each individual insulated conductor.

Cables in conduit with a gas/vaportight continuous Seal in the Division 1 location after removing the jacket
sheath capable of transmitting gases or vapors and any other coverings, so that the sealing compound
through the cable core surrounds each individual insulated conductor and the

outer jacket.

Multiconductor cables with a gastight/vaportight Permitted to be considered a single conductor by sealing
continuous sheath capable of transmitting gases or the cable in the conduit within 18 in. of the enclosure
vapors through the cable core and the cable end within the enclosure by an approved

means, to minimize the entrance of gases or vapors
and prevent the propagation of flame into the cable
core, or by other approved methods.

(continues)
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501.20 Article 501 — Class I Locations

Commentary Table 5.3 Continued

Classification Application Location of Seal

For shielded cables and twisted pair cables Removal of the shielding material or separation of the
twisted pair is not required. Sealing the cable in the
conduit within 18 in. of the enclosure and the cable
end within the enclosure by an approved means, to
minimize the entrance of gases or vapors and prevent
the propagation of flame into the cable core, or by
other approved methods.

Each multiconductor cable in conduit if the cable is Considered a single conductor. These cables are sealed
incapable of transmitting gases or vapors through the in accordance with 501.15(A)
cable core

Class I, Division 2 Cables entering enclosures that are required to be Sealed at the point of entrance
approved for Class I locations

Multiconductor cables in conduit Sealed in accordance with the requirements for Division
1 locations

Multiconductor cables with a gastight/vaportight Sealed in an approved fitting in the Division 2 location
continuous sheath capable of transmitting gases or after removing the jacket and any other coverings, so
vapors through the cable core that the sealing compound surrounds each individual

insulated conductor.

Cables with a gas/vaportight continuous sheath that will Not required to be sealed unless entering an enclosure
not transmit gases or vapors through the cable core that is required to be approved for Class I locations.
in excess of the quantity permitted for seal fittings.
The minimum length of such cable run is not less than
that length that limits gas or vapor flow through the
cable core to the rate permitted for seal fittings (0.007
cu ft per hour of air at a pressure of 6 in. of water).

Cables with a gastight/vaportight continuous sheath Not required to be sealed unless entering an enclosure
capable of transmitting gases or vapors through the that is required to be approved for Class I locations
cable core or unless the cable is attached to process equipment

or devices that may cause a pressure in excess of 6
in. of water to be exerted at a cable end, in which
case a seal, barrier, or other means is provided to
prevent migration of flammables into an unclassified
area.

Cables with an unbroken gastight/vaportight continuous No seal required
sheath that pass through a Class I, Division 2 location

Cables that do not have a gastight/vaportight continuous Sealed at the boundary of the Division 2 and unclassified
sheath location in such a manner as to minimize the passage

of gases or vapors into an unclassified location.

Requirements for Process Sealing Between Electrical shall be of a type identified for use under such conditions;
Systems and Potentially Flammable or Combustible Pro- or the insulation shall be protected by a sheath of lead or
cess Fluids.

by other approved means.

501.20 Conductor Insulation, Class I,
Divisions 1 and 2 Nylon-jacketed conductors, such as Type THWN, that are
Where condensed vapors or liquids may collect on, or come suitable for use where exposed to gasoline have gained wide-
in contact with, the insulation on conductors, such insulation

2005 National Electrical Code Handbook686

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



501.30Article 501 — Class I Locations

circuit overcurrent protection is located on the load side ofspread acceptance because of their ease in handling and
the disconnecting means.application as well as for economic reasons.

The UL Electrical Construction Materials Directory
states in part: Bonding requirements intended to address the unique haz-

ards inherent to electrical equipment installed in a Class I,Wires, Thermoplastic-Insulated:
Division 1 or Division 2 location are covered by 501.30(A)THWN — wire that is suitable for exposure to
and also by 250.100. These specific bonding methods, in-mineral oil, and to liquid gasoline and gasoline vapors
tended to provide a mechanical/electrical connection that isat ordinary ambient temperature, is marked ‘‘Gasoline
low impedance and free from accidental arcing due to looseand Oil Resistant I’’ if suitable for exposure to mineral
connections, apply to raceways and raceway-to-enclosureoil at 60�C or ‘‘Gasoline and Oil Resistant II’’ if the
connections both inside and outside the classified location.compound is suitable for exposure to mineral oil at
Section 250.100 specifies this enhanced level of bonding75�C. Gasoline-resistant wire has been tested at 23�C
for all raceways and enclosures, and the requirement is notwhen immersed in gasoline. It is considered inherently
contingent on the circuit voltage. Therefore metal racewaysresistant to gasoline vapors within the limits of the
and enclosures containing signaling, communications, ortemperature rating of the wire type.
other power-limited circuits are covered.

A revision to 250.100 for the 2005 Code clarifies that the
501.25 Uninsulated Exposed Parts, Class I, installation of a wire-type equipment grounding conductor in
Divisions 1 and 2 a metal raceway does not negate the special raceway and

enclosure bonding requirements. Unless it is an isolatedThere shall be no uninsulated exposed parts, such as electric
equipment grounding conductor as permitted by 250.96(B)conductors, buses, terminals, or components, that operate at
or 250.146(D), the wire-type equipment grounding conduc-more than 30 volts (15 volts in wet locations). These parts
tor and the metal raceway will be electrically in parallel andshall additionally be protected by a protection technique
will share ground-fault current based on the impedance ofaccording to 500.7(E), 500.7(F), or 500.7(G) that is suitable
the wire and of the metal raceway. For that reason, thefor the location.
electrical continuity of raceways and raceway-to-enclosure
connections must always be ensured through complianceExposed live parts are allowed in Class I, Division 1 and 2
with 250.100 and 501.30(A), regardless of whether a supple-locations provided that the voltage does not exceed 30 volts
mentary equipment grounding conductor has been installedin dry locations or 15 volts in wet locations. However, cau-
in the raceway.tion must be observed in working around uninsulated ex-

The exception to 501.30(A) covers the grounding andposed parts because tool or other conductive items that come
bonding requirements that are specific to hazardous (classi-in contact with the circuit could produce sparks and cause
fied) locations where the installation occurs at a multibuild-an explosion in a hazardous (classified) location.
ing or multistructure setting. If the service equipment and the
electrical equipment operating in the hazardous (classified)

501.30 Grounding and Bonding, Class I, location are not located in the same building or structure, it is
Divisions 1 and 2 not necessary to apply the bonding requirement of 501.30(A)

from the hazardous location back to the service equipment.Wiring and equipment in Class I, Division 1 and 2 locations
It is necessary only to apply the bonding requirement fromshall be grounded as specified in Article 250 and with the
the hazardous location back to the grounding electrode onrequirements in 501.30(A) and 501.30(B).
the line side of the building or structure disconnecting means.(A) Bonding The locknut-bushing and double-locknut
This connection must be ahead of the branch circuits thattypes of contacts shall not be depended on for bonding
are on the load side of the disconnecting means for thepurposes, but bonding jumpers with proper fittings or other
building or structure.approved means of bonding shall be used. Such means of

bonding shall apply to all intervening raceways, fittings,
boxes, enclosures, and so forth between Class I locations FPN: See 250.100 for additional bonding requirements

in hazardous (classified) locations.and the point of grounding for service equipment or point
of grounding of a separately derived system. (B) Types of Equipment Grounding Conductors Where

flexible metal conduit or liquidtight flexible metal conduitException: The specific bonding means shall be required
only to the nearest point where the grounded circuit conduc- is used as permitted in 501.10(B) and is to be relied on to

complete a sole equipment grounding path, it shall be in-tor and the grounding electrode are connected together on
the line side of the building or structure disconnecting means stalled with internal or external bonding jumpers in parallel

with each conduit and complying with 250.102.as specified in 250.32(A), (B), and (C), provided the branch-
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501.35 Article 501 — Class I Locations

and surge-protective capacitors shall be of a type designedSpecial consideration is necessary in the grounding and
for specific duty. Enclosures shall be permitted to be of thebonding of exposed non–current-carrying metal parts of
general-purpose type. Surge protection of types other thanequipment, such as the frames or metal exteriors of motors,
described in this paragraph shall be installed in enclosuresfixed or portable lamps, luminaires, enclosures, and race-
identified for Class I, Division 1 locations.ways, to ensure permanent and effective mechanical and

electrical connections in order to prevent the possibility of
arcs or sparks caused by ineffective or poor grounding meth- Article 285, Transient Voltage Surge Suppressors: TVSSs,

was added to the 2002 Code. Nonarcing, sealed type TVSSsods. One example of an external bonding jumper is shown
in Exhibit 501.13. are included as a device permitted in Class I, Division 2

locations where installed in a general purpose–type enclo-
sure. Some surge arresters, such as older style lightning
arresters, are spark-producing devices. Others, such as solid-
state types, are not. Nonsparking-type surge arresters need
no special enclosure in a Class I, Division 2 location. Surge
arresters should be connected to the service conductors out-
side the building and should be bonded to the service-en-
trance raceway system. For services less than 1000 volts,
the arrester grounding conductor is connected as provided
in Article 280, Part II. Where the service voltage is less
than 600 volts, the supply system is a secondary system.
Therefore, the grounded service conductor should always
be bonded to the equipment grounding conductor, as required

Bonding jumper

Cable ties or equal

6 ft max.

by Article 250.
In Class I, Division 1 locations, all surge arresters mustExhibit 501.13 A fitting for the connection of an external bonding

jumper used with liquidtight flexible metal conduit. be installed in explosionproof or purged enclosures. In Class
I, Division 2 locations, only the spark-producing types of

To be effective, proper grounding and bonding apply surge arresters require such protection. Surge arresters can
to all interconnected raceways, fittings, enclosures, and so also be installed in oil-filled enclosures or have the arcing or
on, between hazardous (classified) locations and the point sparking contacts enclosed in hermetically sealed chambers.
of grounding for service equipment or the point of grounding
of the building disconnecting means that supplies the branch- 501.40 Multiwire Branch Circuits
circuit overcurrent protection. If conduit is used in hazardous

In a Class I, Division 1 location, a multiwire branch circuit(classified) locations, it is preferable that threaded connec-
shall not be permitted.tions also be employed in the nonhazardous location.
Exception: Where the disconnect device(s) for the circuit
opens all ungrounded conductors of the multiwire circuit

Exception: In Class I, Division 2 locations, the bonding simultaneously.
jumper shall be permitted to be deleted where all of the
following conditions are met: The requirement in 501.40 does not permit multiwire branch

circuits in Class I hazardous locations unless the discon-(1) Listed liquidtight flexible metal conduit 1.8 m (6 ft) or
necting device opens all the ungrounded conductors of theless in length, with fittings listed for grounding, is used.
multiwire branch circuit simultaneously. See the definition(2) Overcurrent protection in the circuit is limited to 10
of branch circuit, multiwire in Article 100. The requirementamperes or less.
in 501.40 addresses the inherent hazard of working on a(3) The load is not a power utilization load.
multiwire branch circuit in which all the ungrounded conduc-

501.35 Surge Protection tors are not opened by the disconnecting means. Although
the ungrounded conductor that is supplying equipment being(A) Class I, Division 1 Surge arresters, transient voltage
serviced may be disconnected, the common grounded con-surge suppressors (TVSS), and capacitors shall be installed
ductor in this circuit configuration is still a current-carryingin enclosures identified for Class I, Division 1 locations.
conductor in a circuit with an ungrounded conductor(s) thatSurge-protective capacitors shall be of a type designed for
is not disconnected. In a Division 1 or 2 location, the openingspecific duty.
of the grounded conductor in this scenario could result in

(B) Class I, Division 2 Surge arresters and TVSS shall be an ignition-capable arc.
nonarcing, such as metal-oxide varistor (MOV) sealed type,
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501.105Article 501 — Class I Locations

III. Equipment shall have enclosures identified for Class I, Division 1 loca-
tions in accordance with 501.105(A).501.100 Transformers and Capacitors
Exception: General-purpose enclosures shall be permitted(A) Class I, Division 1 In Class I, Division 1 locations,
if current-interrupting contacts comply with one of the fol-transformers and capacitors shall comply with
lowing:501.100(A)(1) and (A)(2).

(1) Are immersed in oil(1) Containing Liquid That Will Burn Transformers and
(2) Are enclosed within a chamber that is hermeticallycapacitors containing a liquid that will burn shall be installed

sealed against the entrance of gases or vaporsonly in vaults that comply with 450.41 through 450.48 and
with (1) through (4) as follows:

Generally speaking, there are several types of hermetic seals,
(1) There shall be no door or other communicating opening including fusion seals such as the glass-to-metal seals in

between the vault and the Division 1 location. mercury-tube switches and some reed switches, welded
(2) Ample ventilation shall be provided for the continuous seals, soldered seals, and seals made with gaskets. Seals of

removal of flammable gases or vapors. the glass-to-metal-fusion type are usually the most reliable.
(3) Vent openings or ducts shall lead to a safe location Soft soldered seals can be relatively porous, and their effec-

outside of buildings. tiveness is highly dependent on workmanship. Although
(4) Vent ducts and openings shall be of sufficient area to gasketed seals can be very effective, depending on the gasket

relieve explosion pressures within the vault, and all material used, gasket materials can be damaged and deterio-
portions of vent ducts within the buildings shall be of rate rapidly if exposed to atmospheres that contain solvent
reinforced concrete construction. vapors. Gasketed enclosures may be considered hermetically

sealed under some conditions; however, in accordance with(2) Not Containing Liquid That Will Burn Transformers
the 500.2 definition of hermetically sealed, such enclosuresand capacitors that do not contain a liquid that will burn
cannot be used to satisfy those requirements in which her-shall be installed in vaults complying with 501.100(A)(1)
metic sealing is recognized as a protection technique.or be approved for Class I locations.

(B) Class I, Division 2 In Class I, Division 2 locations,
(3) Are in nonincendive circuitstransformers and capacitors shall comply with 450.21
(4) Are listed for Division 2through 450.27.

See the definitions of the terms nonincendive circuit, nonin-501.105 Meters, Instruments, and Relays
cendive component, and nonincendive equipment in 500.2.(A) Class I, Division 1 In Class I, Division 1 locations,
Nonincendive is similar to intrinsically safe, which is definedmeters, instruments, and relays, including kilowatt-hour me-
in 504.2 and ANSI/UL 913, Intrinsically Safe Apparatusters, instrument transformers, resistors, rectifiers, and therm-
and Associated Apparatus for Use in Class I, II, and III,ionic tubes, shall be provided with enclosures identified for
Division 1, Hazardous (Classified) Locations, but nonincen-Class I, Division 1 locations. Enclosures for Class I, Division
dive does not include consideration of faults and all the1 locations include explosionproof enclosures and purged
abnormal conditions inherent in the definition of intrinsicallyand pressurized enclosures.
safe. A circuit may be nonincendive in a Group D atmosphere

FPN: See NFPA 496-2003, Standard for Purged and but not in a Group C atmosphere, due to the differences
Pressurized Enclosures for Electrical Equipment. in minimum ignition energies for the various flammable

materials.
See the commentary on purged and pressurized enclosures
for electrical equipment in hazardous (classified) locations

(2) Resistors and Similar Equipment Resistors, resis-following 500.7(D) and the commentary on explosionproof
enclosures following the exception to 501.5. tance devices, thermionic tubes, rectifiers, and similar equip-

ment that are used in or in connection with meters,
instruments, and relays shall comply with 501.105(A).

(B) Class I, Division 2 In Class I, Division 2 locations,
Exception: General-purpose-type enclosures shall be per-meters, instruments, and relays shall comply with
mitted if such equipment is without make-and-break or slid-501.105(B)(1) through (B)(6).
ing contacts [other than as provided in 501.105(B)(1)] and
if the maximum operating temperature of any exposed sur-(1) Contacts Switches, circuit breakers, and make-and-

break contacts of pushbuttons, relays, alarm bells, and horns face will not exceed 80 percent of the ignition temperature
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501.115 Article 501 — Class I Locations

in degrees Celsius of the gas or vapor involved or has been provided with enclosures, and the enclosure in each case,
together with the enclosed apparatus, shall be identified astested and found incapable of igniting the gas or vapor. This

exception shall not apply to thermionic tubes. a complete assembly for use in Class I locations.

(3) Without Make-or-Break Contacts Transformer wind-
Exhibit 501.14 shows an explosionproof panelboard that

ings, impedance coils, solenoids, and other windings that
consists of an assembly of branch-circuit devices enclosed

do not incorporate sliding or make-or-break contacts shall be
in a cast metal explosionproof housing. Explosionproof pan-

provided with enclosures. General-purpose-type enclosures
elboards are provided with bolted access covers and threaded

shall be permitted.
conduit-entry hubs designed to withstand the force of an
internal explosion.(4) General-Purpose Assemblies Where an assembly is

Exhibit 501.15 shows a cylindrical-type (spin-top) com-made up of components for which general-purpose enclo-
bination motor controller, motor control starter, and circuitsures are acceptable as provided in 501.105(B)(1), (B)(2),
breaker in an explosionproof enclosure. The top and bottomand (B)(3), a single general-purpose enclosure shall be ac-
covers are threaded on for quick removal for installationceptable for the assembly. Where such an assembly includes
and servicing. Exhibit 501.16 shows the same type of equip-any of the equipment described in 501.105(B)(2), the maxi-
ment in a rectangular enclosure with a hinged, bolted-onmum obtainable surface temperature of any component of
cover. These types of housings are designed to accommodatethe assembly shall be clearly and permanently indicated on
a wide range of manually or magnetically operated across-the outside of the enclosure. Alternatively, equipment shall
the-line types of motor starters in a variety of ratings.be permitted to be marked to indicate the temperature class

Exhibit 501.17 illustrates a standard toggle switch infor which it is suitable, using the temperature class (T Code)
an explosionproof enclosure.of Table 500.8(B).

(5) Fuses Where general-purpose enclosures are permitted
in 501.105(B)(1) through (B)(4), fuses for overcurrent pro-
tection of instrument circuits not subject to overloading in
normal use shall be permitted to be mounted in general-
purpose enclosures if each such fuse is preceded by a switch
complying with 501.105(B)(1).

(6) Connections To facilitate replacements, process con-
trol instruments shall be permitted to be connected through
flexible cord, attachment plug, and receptacle, provided all
of the following conditions apply:

(1) A switch complying with 501.105(B)(1) is provided so
that the attachment plug is not depended on to interrupt
current.

(2) The current does not exceed 3 amperes at 120 volts,
nominal.

(3) The power-supply cord does not exceed 900 mm (3 ft),
is of a type listed for extra-hard usage or for hard usage
if protected by location, and is supplied through an
attachment plug and receptacle of the locking and
grounding type.

(4) Only necessary receptacles are provided.
(5) The receptacle carries a label warning against unplug-

ging under load.

501.115 Switches, Circuit Breakers, Motor
Controllers, and Fuses
(A) Class I, Division 1 In Class I, Division 1 locations, Exhibit 501.14 An explosionproof panelboard. (Courtesy of Ap-
switches, circuit breakers, motor controllers, and fuses, in- pleton Electric Co., EGS Electrical Group)
cluding pushbuttons, relays, and similar devices, shall be
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501.115Article 501 — Class I Locations

Exhibit 501.16 A magnetic motor starter for use in a Class I,
Group D location. Note the number of securing bolts and the
width of the flange. (Courtesy of O-Z/Gedney, a division of EGS
Electrical Group)

Exhibit 501.15 An explosionproof enclosure for a motor control
starter and circuit breaker. (Courtesy of Appleton Electric Co.,
EGS Electrical Group)

Fuses used for supplementary ballast protection are per-
mitted to be installed in high-intensity-discharge and fluores-
cent fixtures in accordance with 501.115(B)(4).

(B) Class I, Division 2 Switches, circuit breakers, motor
controllers, and fuses in Class I, Division 2 locations shall
comply with 501.115(B)(1) through (B)(4).

(1) Type Required Circuit breakers, motor controllers, and
switches intended to interrupt current in the normal perfor-
mance of the function for which they are installed shall be
provided with enclosures identified for Class I, Division 1

Exhibit 501.17 A standard toggle switch in an explosionprooflocations in accordance with 501.105(A), unless general-
enclosure. (Courtesy of Appleton Electric Co., EGS Electrical

purpose enclosures are provided and any of the following Group)
apply:

(1) The interruption of current occurs within a chamber
hermetically sealed against the entrance of gases and (3) The interruption of current occurs within a factory-

sealed explosionproof chamber.vapors.
(2) The current make-and-break contacts are oil-immersed (4) The device is a solid state, switching control without

contacts, where the surface temperature does not exceedand of the general-purpose type having a 50-mm (2-
in.) minimum immersion for power contacts and a 25- 80 percent of the ignition temperature in degrees Celsius

of the gas or vapor involved.mm (1-in.) minimum immersion for control contacts.
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501.120 Article 501 — Class I Locations

(1) Identified for Class I, Division 1 locations(2) Isolating Switches Fused or unfused disconnect and
isolating switches for transformers or capacitor banks that (2) Of the totally enclosed type supplied with positive-

pressure ventilation from a source of clean air withare not intended to interrupt current in the normal perfor-
mance of the function for which they are installed shall be discharge to a safe area, so arranged to prevent energiz-

ing of the machine until ventilation has been establishedpermitted to be installed in general-purpose enclosures.
and the enclosure has been purged with at least 10

(3) Fuses For the protection of motors, appliances, and volumes of air, and also arranged to automatically de-
lamps, other than as provided in 501.115(B)(4), standard energize the equipment when the air supply fails
plug or cartridge fuses shall be permitted, provided they are (3) Of the totally enclosed inert gas-filled type supplied with
placed within enclosures identified for the location; or fuses a suitable reliable source of inert gas for pressurizing the
shall be permitted if they are within general-purpose enclo- enclosure, with devices provided to ensure a positive
sures, and if they are of a type in which the operating element pressure in the enclosure and arranged to automatically
is immersed in oil or other approved liquid, or the operating de-energize the equipment when the gas supply fails
element is enclosed within a chamber hermetically sealed (4) Of a type designed to be submerged in a liquid that is
against the entrance of gases and vapors, or the fuse is a flammable only when vaporized and mixed with air, or
nonindicating, filled, current-limiting type. in a gas or vapor at a pressure greater than atmospheric

and that is flammable only when mixed with air; and(4) Fuses Internal to Luminaires (Lighting Fixtures)
the machine is arranged so to prevent energizing it untilListed cartridge fuses shall be permitted as supplementary
it has been purged with the liquid or gas to excludeprotection within luminaires (lighting fixtures).
air, and also arranged to automatically de-energize the

501.120 Control Transformers and Resistors equipment when the supply of liquid or gas or vapor
fails or the pressure is reduced to atmosphericTransformers, impedance coils, and resistors used as, or in

conjunction with, control equipment for motors, generators,
and appliances shall comply with 501.120(A) and The intent of 501.125(A)(4) is to permit nonexplosionproof
501.120(B). motors to be submerged in liquefied natural gas (LNG),

liquefied petroleum gas (LP-Gas), gasoline, and other flam-
(A) Class I, Division 1 In Class I, Division 1 locations,

mable liquids. The provisions of 501.125(A)(4) do not per-
transformers, impedance coils, and resistors, together with

mit nonexplosionproof motors under water, such as in wet
any switching mechanism associated with them, shall be

pits, unless the motors are provided with some other system
provided with enclosures identified for Class I, Division 1

of explosion protection, for example, if they are purged
locations in accordance with 501.105(A).

and pressurized per NFPA 496, Standard for Purged and
Pressurized Enclosures for Electrical Equipment.(B) Class I, Division 2 In Class I, Division 2 locations,

The ASTM test procedure is used to determine thecontrol transformers and resistors shall comply with
ignition temperature of some flammable and combustible501.120(B)(1) through (B)(3).
liquids.

(1) Switching Mechanisms Switching mechanisms used
in conjunction with transformers, impedance coils, and resis-
tors shall comply with 501.115(B). Totally enclosed motors of the types specified in

501.125(A)(2) or 501.125(A)(3) shall have no external sur-(2) Coils and Windings Enclosures for windings of trans-
face with an operating temperature in degrees Celsius informers, solenoids, or impedance coils shall be permitted to
excess of 80 percent of the ignition temperature of the gasbe of the general-purpose type.
or vapor involved. Appropriate devices shall be provided to

(3) Resistors Resistors shall be provided with enclosures; detect and automatically de-energize the motor or provide
and the assembly shall be identified for Class I locations, an adequate alarm if there is any increase in temperature of
unless resistance is nonvariable and maximum operating the motor beyond designed limits. Auxiliary equipment shall
temperature, in degrees Celsius, will not exceed 80 percent be of a type identified for the location in which it is installed.
of the ignition temperature of the gas or vapor involved or

FPN: See D 2155-69, ASTM Test Procedure.
has been tested and found incapable of igniting the gas or
vapor. (B) Class I, Division 2 In Class I, Division 2 locations,

motors, generators, and other rotating electric machinery in
501.125 Motors and Generators which are employed sliding contacts, centrifugal or other

types of switching mechanism (including motor overcurrent,(A) Class I, Division 1 In Class I, Division 1 locations,
motors, generators, and other rotating electric machinery overloading, and overtemperature devices), or integral resis-

tance devices, either while starting or while running, shallshall be one of the following:
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501.125Article 501 — Class I Locations

the end opposite the shaft end of the motor. A sheet metalbe identified for Class I, Division 1 locations, unless such
sliding contacts, switching mechanisms, and resistance de- housing surrounds the fan to reduce the likelihood of an

individual or object coming into contact with the movingvices are provided with enclosures identified for Class I,
Division 2 locations in accordance with 501.105(B). The blades and to direct the flow of air. An internal fan on the

shaft, as shown in Exhibit 501.19, circulates air around theexposed surface of space heaters used to prevent condensa-
tion of moisture during shutdown periods shall not exceed windings.

Motors that have arc- or spark-producing devices, such80 percent of the ignition temperature in degrees Celsius of
the gas or vapor involved when operated at rated voltage, as commutators, internal switches, or other control devices,
and the maximum surface temperature [based on a 40�C
(104�F) ambient] shall be permanently marked on a visible
nameplate mounted on the motor. Otherwise, space heaters
shall be identified for Class I, Division 2 locations. In Class
I, Division 2 locations, the installation of open or nonexplo-
sionproof enclosed motors, such as squirrel-cage induction
motors without brushes, switching mechanisms, or similar
arc-producing devices that are not identified for use in a
Class I, Division 2 location, shall be permitted.

It is intended that the phrase ‘‘other rotating electric machin-
ery’’ include electric brakes. Listed and labeled electric
brakes are available for Class I, Division 1, Group C and
D locations.

Many motor heaters are de-energized automatically
when the motor is running. However, the heater ratings are
usually low when compared with the normal heat generated
during motor operation. Unless otherwise indicated on the
motor wiring diagram or in instructions provided with the
motor, there is no need to de-energize the heater except to

Exhibit 501.18 Terminal housing of a motor listed for use insave energy. Note the requirement that the heater temperature
specific hazardous locations. Note integral sealing of the motor.be marked on the motor or that the heaters be identified for
(Courtesy of General Electric Co.)

the location.

FPN No. 1: It is important to consider the temperature
of internal and external surfaces that may be exposed to
the flammable atmosphere.
FPN No. 2: It is important to consider the risk of ignition
due to currents arcing across discontinuities and overheat-
ing of parts in multisection enclosures of large motors
and generators. Such motors and generators may need
equipotential bonding jumpers across joints in the enclo-
sure and from enclosure to ground. Where the presence
of ignitible gases or vapors is suspected, clean-air purging
may be needed immediately prior to and during start-up
periods.

Exhibit 501.18 shows a totally enclosed fan-cooled motor
listed for use in explosive atmospheres. The main frame and
end-bells are designed with sufficient strength to withstand
an internal explosion. Flames or hot gases are cooled while
escaping because of the wide metal-to-metal joints between
the frame and the end-bells and the long, close-tolerance
clearance provided for the free turn of the shaft. Air circula-
tion outside the motor is maintained by a nonsparking (alu- Exhibit 501.19 View showing internal fan of motor in Exhibit

501.18. (Courtesy of General Electric Co.)minum, bronze, or non-static-generating-type plastic) fan on
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501.130 Article 501 — Class I Locations

(B) Class I, Division 2 In Class I, Division 2 locations,must be explosionproof. General-purpose squirrel-cage in-
luminaires (lighting fixtures) shall comply withduction motors without arc- or spark-producing devices may
501.130(B)(1) through 501.130(B)(6).be used in Division 2 locations.

Some open-type motors are permitted in Class I, Divi-
(1) Luminaires (Lighting Fixtures) Where lamps are ofsion 2 locations. Motor types used where flammable gases
a size or type that may, under normal operating conditions,or vapors with very low ignition temperatures may be present
reach surface temperatures exceeding 80 percent of the igni-should be selected with great care. Modern motors with
tion temperature in degrees Celsius of the gas or vaporhigh-temperature insulation systems, such as Class H [180�C
involved, fixtures shall comply with 501.130(A)(1) or shall(356�F)], may operate close to or above the ignition tempera-
be of a type that has been tested in order to determine theture of the flammable mixture.
marked operating temperature or temperature class (T Code).

(2) Physical Damage Luminaires (lighting fixtures) shall
FPN No. 3: For further information on the application

be protected from physical damage by suitable guards or byof electric motors in Class I, Division 2 hazardous (classi-
location. Where there is danger that falling sparks or hotfied) locations, see IEEE Std. 1349-2001, IEEE Guide

for the Application of Electric Motors in Class I, Division metal from lamps or fixtures might ignite localized concen-
2 Hazardous (Classified) Locations. trations of flammable vapors or gases, suitable enclosures

or other effective protective means shall be provided.
501.130 Luminaires (Lighting Fixtures)

(3) Pendant Luminaires (Fixtures) Pendant luminairesLuminaires (lighting fixtures) shall comply with 501.130(A)
(lighting fixtures) shall be suspended by threaded rigid metalor (B).
conduit stems, threaded steel intermediate metal conduit
stems, or other approved means. For rigid stems longer than(A) Class I, Division 1 In Class I, Division 1 locations,
300 mm (12 in.), permanent and effective bracing againstluminaires (lighting fixtures) shall comply with
lateral displacement shall be provided at a level not more501.130(A)(1) through (A)(4).
than 300 mm (12 in.) above the lower end of the stem, or

(1) Luminaires (Lighting Fixtures) Each luminaire (light- flexibility in the form of an identified fitting or flexible
ing fixture) shall be identified as a complete assembly for connector shall be provided not more than 300 mm (12 in.)
the Class I, Division 1 location and shall be clearly marked from the point of attachment to the supporting box or fitting.
to indicate the maximum wattage of lamps for which it is

(4) Portable Lighting Equipment Portable lighting equip-identified. Luminaires (lighting fixtures) intended for porta-
ment shall comply with 501.130(A)(1).ble use shall be specifically listed as a complete assembly

for that use.
Exception: Where portable lighting equipment is mounted
on movable stands and is connected by flexible cords, as(2) Physical Damage Each luminaire (lighting fixture)
covered in 501.140, it shall be permitted, where mounted inshall be protected against physical damage by a suitable
any position, if it conforms to 501.130(B)(2).guard or by location.

(5) Switches Switches that are a part of an assembled fix-(3) Pendant Luminaires (Lighting Fixtures) Pendant lu-
ture or of an individual lampholder shall comply withminaires (lighting fixtures) shall be suspended by and sup-
501.115(B)(1).plied through threaded rigid metal conduit stems or threaded

steel intermediate conduit stems, and threaded joints shall
(6) Starting Equipment Starting and control equipmentbe provided with set-screws or other effective means to
for electric-discharge lamps shall comply with 501.120(B).prevent loosening. For stems longer than 300 mm (12 in.),

permanent and effective bracing against lateral displacement
shall be provided at a level not more than 300 mm (12 in.) Exhibit 501.20 shows a typical luminaire for Class I, Group
above the lower end of the stem, or flexibility in the form C and D locations. The outlet boxes have an internally
of a fitting or flexible connector identified for the Class I, threaded opening designed to receive the cover. A pendant
Division 1 location shall be provided not more than 300 fixture is attached to the cover by threaded rigid metal con-
mm (12 in.) from the point of attachment to the supporting duit or threaded intermediate metal conduit. To prevent loos-
box or fitting. ening from vibration or lamp changing, threaded joints must

be provided with set-screws. The set-screws should not inter-
(4) Supports Boxes, box assemblies, or fittings used for rupt the explosionproof joint. Rigid metal conduit or interme-
the support of luminaires (lighting fixtures) shall be identi- diate metal conduit stems longer than 12 in. require effective
fied for Class I locations.
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501.135Article 501 — Class I Locations

Exhibit 501.20 A typical lighting fixture for use in Class I, Group Exhibit 501.21 An explosionproof hand lamp for use in Class I
C and D locations. (Courtesy of Appleton Electric Co., EGS Elec- locations. (Courtesy of Appleton Electric Co., EGS Electrical
trical Group) Group)

bracing or a flexible fitting approved for the purpose, placed
not more than 12 in. from the point of attachment to the
supporting box, cover, or fitting. 501.135 Utilization Equipment

A globe holder is threaded onto the body of the fixture
(A) Class I, Division 1 In Class I, Division 1 locations, allhousing and supports a heavy glass globe, guard, and reflec-
utilization equipment shall be identified for Class I, Divisiontor. It is available in sizes suitable for lamps from 40 watts
1 locations.through 500 watts. In designing any hazardous (classified)

location lighting system, operating temperatures must be
(B) Class I, Division 2 In Class I, Division 2 locations,considered. Therefore, if the area is Class I, Division 1,
all utilization equipment shall comply with 501.135(B)(1)fixtures approved for this location that are properly marked
through (B)(3).must be used. Generally, enclosed and gasketed fixtures

(previously called vaportight fixtures) without guards, if (1) Heaters Electrically heated utilization equipment shall
breakage is unlikely, or fixtures approved for Class I, Divi- conform with either item (1) or (2):
sion 2 locations are required in Division 2 locations.

(1) The heater shall not exceed 80 percent of the ignitionFixtures listed by Underwriters Laboratories Inc. for
temperature in degrees Celsius of the gas or vapor in-use in any of the groups under Class I, either Division 1 or
volved on any surface that is exposed to the gas or2 locations, or both, are designed to operate without igniting
vapor when continuously energized at the maximumsurrounding flammable gas or vapor atmospheres and are
rated ambient temperature. If a temperature controllermarked with the operating temperature or temperature class,
is not provided, these conditions shall apply when theas shown in Table 500.8(B).
heater is operated at 120 percent of rated voltage.Exhibit 501.21 shows an explosionproof hand lamp.

Lamp compartments must be sealed from the terminal com-
Exception No. 1: For motor-mounted anticondensationpartment. Provisions must be made for the connection of 3-
space heaters, see 501.125.conductor (one must be a grounding conductor) flexible,
Exception No. 2: Where a current-limiting device is appliedextra-hard-usage cord. See 501.140(A)(1).
to the circuit serving the heater to limit the current in the
heater to a value less than that required to raise the heaterException: A thermal protector potted into a thermally pro-

tected fluorescent lamp ballast if the luminaire (lighting surface temperature to 80 percent of the ignition tempera-
ture.fixture) is identified for the location.
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501.140 Article 501 — Class I Locations

(1) Be of a type listed for extra-hard usage(2) The heater shall be identified for Class I, Division 1
locations. (2) Contain, in addition to the conductors of the circuit, a

grounding conductor complying with 400.23
Exception: Electrical resistance heat tracing identified for

(3) Be connected to terminals or to supply conductors in
Class I, Division 2 locations.

an approved manner
(4) Be supported by clamps or by other suitable means in(2) Motors Motors of motor-driven utilization equipment

such a manner that there is no tension on the terminalshall comply with 501.125(B).
connections

(3) Switches, Circuit Breakers, and Fuses Switches, cir- (5) Be provided with suitable seals where the flexible cord
cuit breakers, and fuses shall comply with 501.115(B). enters boxes, fittings, or enclosures of the explo-

sionproof type
The requirements for utilization equipment in Class I loca- Exception to (5): Seals shall not be required as provided in
tions are virtually identical for Division 1 and 2 locations, 501.10(B) and 501.105(B)(6).
except for heaters. Electric pipe heat-tracing systems listed

(6) Be of continuous lengthfor Class I, Division 2 locations and complying with
501.135(B)(1)(2), Exception, are available.

FPN: See 501.20 for flexible cords exposed to liquids
having a deleterious effect on the conductor insulation.

501.140 Flexible Cords, Class I, Divisions 1 and 2
501.145 Receptacles and Attachment Plugs,

(A) Permitted Uses Flexible cord shall be permitted: Class I, Divisions 1 and 2
(1) For connection between portable lighting equipment or Receptacles and attachment plugs shall be of the type provid-

other portable utilization equipment and the fixed por- ing for connection to the grounding conductor of a flexible
tion of their supply circuit. cord and shall be identified for the location.

(2) For that portion of the circuit where the fixed wiring
Exception: As provided in 501.105(B)(6).methods of 501.10(A) cannot provide the necessary de-

gree of movement for fixed and mobile electrical utiliza-
Exhibit 501.22 shows an explosionproof receptacle and at-tion equipment, and the flexible cord is protected by
tachment plug with an interlocking switch. The design oflocation or by a suitable guard from damage and only
this device is such that when the switch is in the on position,in an industrial establishment where conditions of main-
the plug cannot be removed. Also, the switch cannot betenance and engineering supervision ensure that only
placed in the on position when the plug has been removed;qualified persons install and service the installation.
that is, the plug cannot be inserted or removed unless the(3) For electric submersible pumps with means for removal
switch is in the off position. The receptacle is factory sealed,without entering the wet-pit. The extension of the flexi-
with a provision for threaded-conduit entry to the switchble cord within a suitable raceway between the wet-pit

and the power source shall be permitted.

Section 501.140(A)(3) recognizes a wet-pit type of installa-
tion that is finding increasing acceptance for use in waste-
water systems. Section 501.125(A)(4) permits a flexible cord
to be run in raceway to a junction box outside the wet
pit. See the commentary following 501.125(A)(4) for more
information on motors installed in wet pits.

Due to the operating conditions associated with electric
mixers used in mixing tanks, the mixers are considered
portable utilization equipment and may be wired with flexi-
ble cord.

(4) For electric mixers intended for travel into and out of Exhibit 501.22 A receptacle and attachment plug of the explo-
open-type mixing tanks or vats. sionproof type with an interlocking switch. The switch must be

in the off position before the attachment plug can be removed.
(B) Installation Where flexible cords are used, the cords (Courtesy of Appleton Electric Co., EGS Electrical Group)
shall comply with all of the following:
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501.150Article 501 — Class I Locations

(1) Immersed in oilcompartment. The plug is to be used with Type S or equiva-
(2) Enclosed within a chamber hermetically sealed againstlent extra-hard-service flexible cord having an equipment

the entrance of gases or vaporsgrounding conductor.
(3) In nonincendive circuitsExhibit 501.23 shows a 30-ampere, 4-pole receptacle

and attachment plug assembly that is suitable for use without
a switch. The design is such that the mating parts of the See the commentary following 501.105(B)(1), Exception

(4), for information on nonincendive circuits.receptacle and plug are enclosed in a chamber that seals the
arc and, by delayed-action construction, prevents complete
removal of the plug until the arc or hot metal has cooled.

(4) Part of a listed nonincendive componentThe receptacle is factory sealed, and the attachment plug is
designed for use with a 4-conductor cord (3-conductor, 3- (2) Resistors and Similar Equipment Resistors, resis-
phase circuit with one grounding conductor) or a 3-conductor tance devices, thermionic tubes, rectifiers, and similar equip-
cord (two circuit conductors and one grounding conductor). ment shall comply with 501.105(B)(2).

(3) Protectors Enclosures shall be provided for lightning
protective devices and for fuses. Such enclosures shall be
permitted to be of the general-purpose type.

(4) Wiring and Sealing All wiring shall comply with
501.10(B), 501.15(B), and 501.15(C).

Audible signaling devices, such as bells, sirens, and horns,
other than electronic types, usually involve make-and-break
contacts that are capable of producing a spark of sufficient
energy to cause ignition of a hazardous atmospheric mixture.
If used in Class I locations, therefore, this type of equipment,
as shown in Exhibit 501.24, must be contained in explo-

Exhibit 501.23 A 4-pole (delayed action) explosionproof recep-
tacle and attachment plug suitable for use without a switch. (Cour-
tesy of Appleton Electric Co., EGS Electrical Group)

501.150 Signaling, Alarm, Remote-Control, and
Communications Systems
(A) Class I, Division 1 In Class I, Division 1 locations, all
apparatus and equipment of signaling, alarm, remote-control,
and communications systems, regardless of voltage, shall
be identified for Class I, Division 1 locations, and all wiring
shall comply with 501.10(A), 501.15(A), and 501.15(C).

(B) Class I, Division 2 In Class I, Division 2 locations,
signaling, alarm, remote-control, and communications sys-
tems shall comply with 501.150(B)(1) through (B)(4).

(1) Contacts Switches, circuit breakers, and make-and-
break contacts of pushbuttons, relays, alarm bells, and horns
shall have enclosures identified for Class I, Division 1 loca-
tions in accordance with 501.105(A).

Exhibit 501.24 An audible signaling device for use in hazardous
Exception: General-purpose enclosures shall be permitted (classified) locations. (Courtesy of Cooper Crouse-Hinds)
if current-interrupting contacts are one of the following:
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502.1 Article 502 — Class II Locations

sionproof or purged and pressurized enclosures, wiring III. Equipment
methods must comply with 501.10, and sealing fittings must 502.100 Transformers and Capacitors
be provided in accordance with 501.15. (A) Class II, Division 1

Explosionproof devices or explosionproof enclosures (B) Class II, Division 2
may prove more practical than oil-immersed contacts be- 502.115 Switches, Circuit Breakers, Motor Controllers,
cause maintaining the condition and level of the oil can be and Fuses
a problem. Hermetically sealed enclosures, such as float- (A) Class II, Division 1
operated mercury-tube switches, are available for some ap- (B) Class II, Division 2
plications. Electronic signal devices without make-and- 502.120 Control Transformers and Resistors
break contacts usually do not require explosionproof enclo- (A) Class II, Division 1
sures in Division 2 locations. (B) Class II, Division 2

502.125 Motors and Generators
(A) Class II, Division 1

ARTICLE 502 (B) Class II, Division 2
502.128 Ventilating PipingClass II Locations

(A) Class II, Division 1
(B) Class II, Division 2

502.130 Luminaires (Lighting Fixtures)Summary of Changes
(A) Class II, Division 1• General:Restructured and renumbered to provide a scope
(B) Class II, Division 2section and parallel numbering systems for Articles 501,

502.135 Utilization Equipment502, and 503.
(A) Class II, Division 1

• 502.10(A)(2): Revised to add interlocked armor Type MC (B) Class II, Division 2
cable as an additional method to provide a flexible connec- 502.140 Flexible Cords — Class II, Divisions 1 and 2
tion in Class II, Division 1 locations. 502.145 Receptacles and Attachment Plugs

• 502.15(4): Added item (4) permitting a raceway to extend (A) Class II, Division 1
horizontally and downward as an equivalent to a horizon- (B) Class II, Division 2
tally installed raceway or a vertically installed raceway 502.150 Signaling, Alarm, Remote-Control, and
as a method of sealing dust-ignition proof enclosures. Communications Systems; and Meters,

Instruments, and Relays• 502.25: Revised to provide guidance concerning protec-
(A) Class II, Division 1tion against explosion and against electric shock in order
(B) Class II, Division 2to limit the voltage of exposed live parts.

I. General
502.1 ScopeContents
Article 502 covers the requirements for electrical and elec-I. General
tronic equipment and wiring for all voltages in Class II,502.1 Scope
Division 1 and 2 locations where fire or explosion hazards502.5 General
may exist due to combustible dust.II. Wiring

502.10 Wiring Methods
(A) Class II, Division 1 Two different types of dust environments typically warrant

a Class II, Division 1 area classification. The first is where(B) Class II, Division 2
502.15 Sealing, Class II, Divisions 1 and 2 a cloud of combustible dust is likely to be present continu-

ously or intermittently under normal operating conditions502.25 Uninsulated Exposed Parts, Class II, Divsions
1 and 2 as a result of repair or maintenance operations or leakage.

The other environment is one in which a dust layer is likely to502.30 Grounding and Bonding, Class II, Divisions 1
and 2 accumulate to a depth greater than 1⁄8 in. on major horizontal

surfaces over a defined period of time, generally 24 hours.(A) Bonding
(B) Types of Equipment Grounding Conductors The size of the dust particle is the primary factor in determin-

ing whether the area should be classified as Class II or Class502.35 Surge Protection — Class II, Divisions 1 and 2
502.40 Multiwire Branch Circuits III. Combustible dust, as defined in NFPA 499, Recom-
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502.10Article 502 — Class II Locations

3. Accumulation of electrically conductive dust lodgedmended Practice for the Classification of Combustible Dusts
and of Hazardous (Classified) Locations for Electrical In- between terminals that have a difference of potential,

thereby causing tracking and glowing hot particles,stallations in Chemical Process Areas, is any finely divided
solid material 420 microns (0.0165 in.) or less in diameter short-circuits, or ground faults that may ignite dust accu-

mulated in the vicinity(i.e., material passing through a U.S. No. 40 standard sieve)
that presents a fire or explosion hazard when dispersed. 4. Deposits of dust that could be ignited by arcs or sparks

In the layout of electrical installations for hazardous502.5 General
(classified) locations, it is preferable to locate service equip-

The general rules of this Code shall apply to the electric ment, switchboards, panelboards, and much of the electrical
wiring and equipment in locations classified as Class II equipment in less hazardous areas, usually in a separate
locations in 500.5(C). room. The use of pressurized rooms, as described in NFPA

496, Standard for Purged and Pressurized Enclosures forException: As modified by this article.
Electrical Equipment, is a common method of protecting
panelboards and switchboards in grain elevators and similarEquipment installed in Class II locations shall be able
locations.to function at full rating without developing surface tempera-

tures high enough to cause excessive dehydration or gradual
carbonization of any organic dust deposits that may occur.

II. WiringFPN: Dust that is carbonized or excessively dry is highly
susceptible to spontaneous ignition. 502.10 Wiring Methods

Wiring methods shall comply with 502.10(A) or 502.10(B).Explosionproof equipment and wiring shall not be re-
quired and shall not be acceptable in Class II locations unless (A) Class II, Division 1
identified for such locations.

(1) General In Class II, Division 1 locations, the wiring
methods in (1) through (4) shall be permitted.Class II, Division 1 and 2 locations are defined in 500.5(C)

as hazardous due to the presence of combustible dust. These (1) Threaded rigid metal conduit, or threaded steel interme-
locations are separated into three groups: Group E, Group diate metal conduit.
F, and Group G [see 500.6(B)]. (2) Type MI cable with termination fittings listed for the

It should be noted that equipment suitable for one class location. Type MI cable shall be installed and supported
and group is not necessarily suitable for any other class and in a manner to avoid tensile stress at the termination
group. Class I equipment is not necessarily better, or even fittings.
suitable, for a Class II location, because the hazard contem- (3) In industrial establishments with limited public access,
plated in the equipment design is different. Class II equip- where the conditions of maintenance and supervision
ment is designed to prevent the ignition of layers of dust, ensure that only qualified persons service the installa-
which may increase the operating temperature of the equip- tion, Type MC cable, listed for use in Class II, Division
ment. Class I equipment is not designed for dust layering 1 locations, with a gas/vaportight continuous corrugated
unless it is also designed and approved for Class II locations. metallic sheath, an overall jacket of suitable polymeric
To protect against explosions in hazardous (classified) loca- material, separate grounding conductors in accordance
tions, all electrical equipment exposed to the hazardous at- with 250.122, and provided with termination fittings
mosphere must be suitable for such locations. Grain dust, listed for the application, shall be permitted.
for example, ignites at a temperature lower than that of most (4) Fittings and boxes shall be provided with threaded
flammable vapors. Motors listed for use in Class I locations bosses for connection to conduit or cable terminations
may not have dust shields on the bearings to prevent entrance and shall be dusttight. Fittings and boxes in which taps,
of dust into the bearing race, thereby causing overheating joints, or terminal connections are made, or that are
of the bearing and resulting in ignition of dust on the motor. used in Group E locations, shall be identified for Class

One or more of the following four hazards may be II locations.
present in a Class II location:

In Class II, Division 1 locations, boxes or fittings, such as1. An explosive mixture of air and dust in suspension
2. Accumulation of dust that acts as a thermal blanket and conduit ‘‘L,’’ ‘‘T,’’ or ‘‘C’’ fittings, that contain splices, taps,

or terminations must be of the threaded type with close-interferes with the safe dissipation of heat from electrical
equipment fitting covers. There can be no holes in the box or fitting,
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502.10 Article 502 — Class II Locations

Exception to (6): Type MC cable listed for use in Class II,such as mounting holes, that would allow dust to enter or
sparks or burning material to be ejected from the enclosure. Division 1 locations shall be permitted to be installed without

the spacings required by (6).Where used as stated above, the equipment must be approved
for Class II locations, usually of the dust-ignitionproof or

(2) Flexible Connections Where provision must be madepressurized type.
for flexibility, 502.10(A)(2) shall apply.Boxes or fittings of the type described in the preceding

paragraph that do not enclose splices, taps, or terminations
must be dusttight, with threaded bosses for connection of Where it is necessary to use flexible connections, liquidtight
conduit or cable connectors. flexible conduit or extra-hard-usage flexible cord is permit-

ted. Another method would be to use a flexible fitting, as
described in the commentary following 501.10(A)(2). Where

(2) Flexible Connections Where necessary to employ flex- liquidtight flexible conduit is used, a bonding jumper (inter-
ible connections, one or more of the following shall also be nal or external) must be provided around such conduit. See
permitted: 502.30. An additional conductor for grounding must be pro-

vided where flexible cord is used.(1) Dusttight flexible connectors
(2) Liquidtight flexible metal conduit with listed fittings
(3) Liquidtight flexible nonmetallic conduit with listed fit-

(3) Nonincendive FieldWiring Nonincendive field wiringtings
shall be permitted using any of the wiring methods permitted(4) Interlocked armor Type MC cable having an overall
for unclassified locations. Nonincendive field wiring sys-jacket of suitable polymeric material and provided with
tems shall be installed in accordance with the control draw-termination fittings listed for Class II, Division 1 loca-
ing(s). Simple apparatus, not shown on the control drawing,tions.
shall be permitted in a nonincendive field wiring circuit,(5) Flexible cord listed for extra-hard usage and provided
provided the simple apparatus does not interconnect thewith bushed fittings. Where flexible cords are used, they
nonincendive field wiring circuit to any other circuit.shall comply with 502.140.

FPN: Simple apparatus is defined in 504.2.FPN: See 502.30(B) for grounding requirements where
flexible conduit is used.

Separate nonincendive field wiring circuits shall be in-
Due to the potential for physical damage to Type MC cable, stalled in accordance with one of the following:
its application in Class II, Division 1 locations is limited to

(1) In separate cablescable that is listed specifically for use in Class II, Division
(2) In multiconductor cables where the conductors of each1 locations and installed at facilities that have full-time,

circuit are within a grounded metal shieldqualified maintenance personnel. Qualified maintenance
(3) In multiconductor cables where the conductors of eachpersonnel are those who, in the course of regular mainte-

circuit have insulation with a minimum thickness ofnance procedures, would notice if cables were damaged,
0.25 mm (0.01 in.)understand the associated hazards, and be able to de-energize

the circuit to repair the installation. (4) Boxes and Fittings All boxes and fittings shall be dust-
tight.

(B) Class II, Division 2
In Division 1 locations, boxes containing taps, joints, or(1) General In Class II, Division 2 locations, the following
terminal connections must be dusttight and must be providedwiring methods shall be permitted:
with threaded hubs, as shown in Exhibit 502.1, and must

(1) All wiring methods permitted in 502.10(A). be identified for use in Class II locations. Threaded hubs
(2) Rigid metal conduit, intermediate metal conduit, electri- also provide adequate bonding in Division 2 locations (see

cal metallic tubing, dusttight wireways. Exhibit 502.1.)
(3) Type MC or MI cable with listed termination fittings. Exhibit 502.1 also shows a close-fitting cover, which
(4) Type PLTC in cable trays. is required for Class II locations. Standard pressed-steel
(5) Type ITC in cable trays. boxes that are not identified for Class II locations are permit-
(6) Type MC, MI, or TC cable installed in ladder, ventilated ted as long as they do not contain taps, joints, or terminal

trough, or ventilated channel cable trays in a single connections, are dusttight, and are provided with a bonding
layer, with a space not less than the larger cable diameter jumper around the box in order to compensate for the absence
between the two adjacent cables, shall be the wiring of threaded hubs.
method employed.
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502.30Article 502 — Class II Locations

vertical separation between enclosures of not less than 5 ft
in a raceway extending downward from a dust-ignitionproof
enclosure are methods of sealing in Class II locations and
are shown in Exhibit 502.2.

The requirement to provide a seal applies if a raceway
connects an enclosure that is required to be dust-igni-
tionproof to one that is not required to be dust-ignitionproof.
If a raceway extends from a dust-ignitionproof enclosure to
an unclassified location, it is not necessary to provide a seal
in that raceway. Sealing fittings designed for use in Class I
locations are acceptable. However, because the Class I loca-
tion pressure-piling considerations are not inherent to Class
II locations, conduit seals are not required to be explo-
sionproof. Conduit seals are expected only to prevent the
migration of dust into dust-ignitionproof enclosures. No seal-
ing method is needed in the special, but not unusual, situation
in which dust cannot enter the raceway in the hazardous
(classified) location.

Exhibit 502.1 Junction box with threaded hubs, suitable for use
in Class II, Group E hazardous atmospheres. (Courtesy of Apple-
ton Electric Co., EGS Electrical Group)

502.15 Sealing, Class II, Divisions 1 and 2
Where a raceway provides communication between an en-

closure that is required to be dust-ignitionproof and one
that is not, suitable means shall be provided to prevent
the entrance of dust into the dust-ignitionproof enclosure
through the raceway. One of the following means shall be
permitted:

(1) A permanent and effective seal
(2) A horizontal raceway not less than 3.05 m (10 ft) long
(3) A vertical raceway not less than 1.5 m (5 ft) long and

extending downward from the dust-ignitionproof enclo-

Seal

Horizontal 
raceway not less 
than 10 ft

Dust-ignitionproof 
enclosure

Vertical raceway 
extending downward

Not less 
than 5 ft

Conduit 
termination in 
an unclassified 
location

Enclosure not 
required to be 
dust-ignitionproof

sure
(4) A raceway installed in a manner equivalent to (2) or Exhibit 502.2 Three methods for preventing dust from entering

a dust-ignitionproof enclosure through the raceway.(3) that extends only horizontally and downward from
the dust-ignition proof enclosures.

502.25 Uninsulated Exposed Parts, Class II,
Where a raceway provides communication between an Divisions 1 and 2

enclosure that is required to be dust-ignitionproof and an
There shall be no uninsulated exposed parts, such as electricenclosure in an unclassified location, seals shall not be re-
conductors, buses, terminals, or components, that operate atquired.
more than 30 volts (15 volts in wet locations). These partsSealing fittings shall be accessible.
shall additionally be protected by a protection techniqueSeals shall not be required to be explosionproof.
according to 500.7(E), 500.7(F), or 500.7(G) that is suitable

FPN: Electrical sealing putty is a method of sealing. for the location.

502.30 Grounding and Bonding, Class II,
The requirements of 502.15 provide three suitable ways Divisions 1 and 2
to prevent dust from entering dust-ignitionproof enclosures

Wiring and equipment in Class II, Division 1 and 2 locationsthrough the raceway. A seal in the raceway, a horizontal
shall be grounded as specified in Article 250 and with theseparation between enclosures of not less than 10 ft, or a
requirements in 502.30(A) and 502.30(B).
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502.35 Article 502 — Class II Locations

grounding conductor must not exceed 6 ft and must be routed(A) Bonding The locknut-bushing and double-locknut
types of contact shall not be depended on for bonding pur- with the raceway or enclosure. See 250.102(E) for equipment

bonding jumper installation requirements.poses, but bonding jumpers with proper fittings or other
approved means of bonding shall be used. Such means of
bonding shall apply to all intervening raceways, fittings,

502.35 Surge Protection — Class II,boxes, enclosures, and so forth, between Class II locations
Divisions 1 and 2and the point of grounding for service equipment or point

of grounding of a separately derived system. Surge arresters and transient voltage surge suppressors
(TVSS) installed in a Class II, Division 1 location shall be
in suitable enclosures. Surge-protective capacitors shall beFor information regarding bonding in hazardous (classified)
of a type designed for specific duty.locations, see the commentary on 501.30(A). Although that

section addresses bonding in Class I locations, the same
502.40 Multiwire Branch Circuitsrequirement for enhanced bonding in Class II locations is

found in 502.30(A), and the requirements of 250.100 apply In a Class II, Division 1 location, a multiwire branch circuit
to Class I, Class II, and Class III hazardous locations. shall not be permitted.

Exception: Where the disconnect device(s) for the circuit
opens all ungrounded conductors of the multiwire circuitException: The specific bonding means shall only be re-
simultaneously.quired to the nearest point where the grounded circuit con-

ductor and the grounding electrode conductor are connected
III. Equipmenttogether on the line side of the building or structure discon-

necting means as specified in 250.32(A), (B), and (C), if the 502.100 Transformers and Capacitors
branch-circuit overcurrent protection is located on the load

(A) Class II, Division 1 In Class II, Division 1 locations,
side of the disconnecting means.

transformers and capacitors shall comply with
FPN: See 250.100 for additional bonding requirements 502.100(A)(1) through (A)(3).
in hazardous (classified) locations.

(1) Containing Liquid That Will Burn Transformers and
(B) Types of Equipment Grounding Conductors Where capacitors containing a liquid that will burn shall be installed
flexible conduit is used as permitted in 502.10, it shall be only in vaults complying with 450.41 through 450.48, and,
installed with internal or external bonding jumpers in parallel in addition, (1), (2), and (3) shall apply.
with each conduit and complying with 250.102.

(1) Doors or other openings communicating with the Divi-
Exception: In Class II, Division 2 locations, the bonding sion 1 location shall have self-closing fire doors on both
jumper shall be permitted to be deleted where all of the sides of the wall, and the doors shall be carefully fitted
following conditions are met: and provided with suitable seals (such as weather strip-

ping) to minimize the entrance of dust into the vault.(1) Listed liquidtight flexible metal conduit 1.8 m (6 ft) or
(2) Vent openings and ducts shall communicate only withless in length, with fittings listed for grounding, is used.

the outside air.(2) Overcurrent protection in the circuit is limited to 10
(3) Suitable pressure-relief openings communicating withamperes or less.

the outside air shall be provided.(3) The load is not a power utilization load.

(2) Not Containing Liquid That Will Burn Transformers
In Class II locations, a raceway connected to an enclosure and capacitors that do not contain a liquid that will burn
via a double locknut connection or a single locknut and shall be installed in vaults complying with 450.41 through
bushing connection is not an acceptable method of bonding. 450.48 or be identified as a complete assembly, including
Bonding jumpers or other approved means with proper fit- terminal connections for Class II locations.
tings are required for the interconnection of all raceways,
junction boxes, fittings, enclosures, and so on, installed be- (3) Metal Dusts No transformer or capacitor shall be in-
tween the hazardous area and the grounding electrode con- stalled in a location where dust from magnesium, aluminum,
ductor connection point at the service equipment, the aluminum bronze powders, or other metals of similarly haz-
grounding electrode connection at a feeder or branch circuit ardous characteristics may be present.
disconnecting means at separate buildings, or the grounding

(B) Class II, Division 2 In Class II, Division 2 locations,electrode connection to the source of a separately derived
transformers and capacitors shall comply with 502.100(B)(1)system. If installed outside the raceway or enclosure, the
through (B)(3).
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502.115Article 502 — Class II Locations

(1) Containing Liquid That Will Burn Transformers and enclosures that shall be designed to minimize the entrance
of dust and that shall (1) be equipped with telescoping orcapacitors containing a liquid that will burn shall be installed

in vaults that comply with 450.41 through 450.48. close-fitting covers or with other effective means to prevent
the escape of sparks or burning material and (2) have no

(2) Containing Askarel Transformers containing askarel openings (such as holes for attachment screws) through
and rated in excess of 25 kVA shall be as follows: which, after installation, sparks or burning material might

escape or through which exterior accumulations of dust or(1) Provided with pressure-relief vents
adjacent combustible material might be ignited.(2) Provided with a means for absorbing any gases gener-

ated by arcing inside the case, or the pressure-relief (3) Metal Dusts In locations where dust from magnesium,
vents shall be connected to a chimney or flue that will

aluminum, aluminum bronze powders, or other metals of
carry such gases outside the building

similarly hazardous characteristics may be present, fuses,
(3) Have an airspace of not less than 150 mm (6 in.) between

switches, motor controllers, and circuit breakers shall have
the transformer cases and any adjacent combustible ma-

enclosures identified for such locations.
terial

(B) Class II, Division 2 In Class II, Division 2 locations,
(3) Dry-Type Transformers Dry-type transformers shall enclosures for fuses, switches, circuit breakers, and motor
be installed in vaults or shall have their windings and termi- controllers, including pushbuttons, relays, and similar de-
nal connections enclosed in tight metal housings without vices, shall be dusttight.
ventilating or other openings and shall operate at not over
600 volts, nominal.

The electrical equipment required in Class II locations is
different from that required for Class I locations. Dust-

Where it is necessary to install a transformer, it may be ignitionproof enclosures for Class II locations are not re-
possible to use a small, low-voltage, dusttight (without venti- quired to be explosionproof. However, explosionproof
lating openings) dry-type transformer, but transformers that equipment is allowed to be used in Class II locations if the
have a primary voltage rating of over 600 volts must be equipment is dual rated and identified as suitable for the
either less flammable liquid-insulated or installed in a vault. Class II division and group. Explosionproof enclosures are
In almost all cases, transformers can be remotely located not necessarily dust-ignitionproof. They may have a different
from dust atmospheres. shape to minimize the accumulation of dust on top of the

Capacitors used for power-factor correction of individ- enclosure or on any protrusions or ledges.
ual motors are of sealed construction, but if installed in Class Explosionproof enclosures, where used in an environ-
II, Division 1 locations, they must also be identified as a ment that is only a Class II location, are not required to
complete assembly, including dusttight terminal enclosures. be sealed within 18 in. of the enclosure to complete the
The only special requirement for capacitors in Division 2 explosionproof assembly, as required in a Class I environ-
locations is that they are not permitted to contain oil or any ment. However, explosionproof enclosures must be provided
other liquid that burns; otherwise, they are to be installed with seals to prevent the entrance of dust into the dust-
in vaults. ignitionproof enclosure where a raceway provides a means

for dust to enter the system, such as in a conduit run between
a dust-ignitionproof enclosure and a general-purpose junc-502.115 Switches, Circuit Breakers, Motor
tion box.Controllers, and Fuses

Where equipment is located in a Class II, Division 1
(A) Class II, Division 1 In Class II, Division 1 locations, location and is likely to produce arcs or sparks during normal
switches, circuit breakers, motor controllers, and fuses shall operation, it must be installed in a dust-ignitionproof or
comply with 502.115(A)(1) through (A)(3). pressurized enclosure. In addition, heat-generating equip-

ment, such as control transformers, solenoids, impedance(1) Type Required Switches, circuit breakers, motor con-
coils, resistors, and any associated overcurrent devices ortrollers, and fuses, including pushbuttons, relays, and similar
switching mechanisms, must have dust-ignitionproof enclo-devices that are intended to interrupt current during normal
sures or pressurized enclosures installed in accordance withoperation or that are installed where combustible dusts of
NFPA 496, Standard for Purged and Pressurized Enclosuresan electrically conductive nature may be present, shall be
for Electrical Equipment. Caution should be used whereprovided with identified dust-ignitionproof enclosures.
metal dusts, such as magnesium, aluminum, or other metals

(2) Isolating Switches Disconnecting and isolating with similar hazardous characteristics, may be present. En-
switches containing no fuses and not intended to interrupt closures must be approved specifically for that environment
current and not installed where dusts may be of an electri- (suitable for Class II, Division 1, Group E).
cally conductive nature shall be provided with tight metal
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502.120 Article 502 — Class II Locations

Exhibit 502.3 shows a dust-ignitionproof pushbutton
station with pilot light that is suitable for use in Class II,
Division 1 hazardous (classified) locations. Dust-
ignitionproof equipment enclosures for switching devices
can be used in Class II, Division 2 locations, but because
of the reduced level of hazard associated with Division 2,
dusttight equipment enclosures are also permitted. In addi-
tion to being suitable for the specific class and division, this
type of equipment must also be suitable for the dust group(s)
(i.e., Groups E, F, and G) that will be present in a specific
hazardous (classified) location.

Exhibit 502.4 shows a panelboard that is suitable for
use in Class II locations only. Many, but not all, of the
switches or circuit breakers and their associated enclosures
that are approved for Class I, Division 1 locations are also
approved for Class II locations. It is always important to look
for the listing and identification of the hazardous (classified)
locations in which the equipment is listed for use.

Exhibit 502.4 A dust-ignitionproof panelboard for use in Class
II, Group E, F, and G locations. (Courtesy of Cooper Crouse-
Hinds)

(B) Class II, Division 2 In Class II, Division 2 locations,
transformers and resistors shall comply with 502.120(B)(1)
through (B)(3).Exhibit 502.3 A dust-ignitionproof pushbutton control station

suitable for use in Class II, Group E, F, and G locations. (Courtesy (1) Switching Mechanisms Switching mechanisms (in-
of Appleton Electric Co., EGS Electrical Group)

cluding overcurrent devices) associated with control trans-
formers, solenoids, impedance coils, and resistors shall be
provided with dusttight enclosures.

502.120 Control Transformers and Resistors
(2) Coils and Windings Where not located in the same(A) Class II, Division 1 In Class II, Division 1 locations,
enclosure with switching mechanisms, control transformers,control transformers, solenoids, impedance coils, resistors,
solenoids, and impedance coils shall be provided with tightand any overcurrent devices or switching mechanisms asso-
metal housings without ventilating openings.ciated with them shall have dust-ignitionproof enclosures

identified for Class II locations. No control transformer,
(3) Resistors Resistors and resistance devices shall have

impedance coil, or resistor shall be installed in a location
dust-ignitionproof enclosures identified for Class II loca-

where dust from magnesium, aluminum, aluminum bronze
tions.

powders, or other metals of similarly hazardous characteris-
tics may be present unless provided with an enclosure identi- Exception: Where the maximum normal operating tempera-

ture of the resistor will not exceed 120�C (248�F), nonadjust-fied for the specific location.
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502.128Article 502 — Class II Locations

able resistors or resistors that are part of an automatically The requirements in 502.125(B) permit all types of totally
timed starting sequence shall be permitted to have enclosures enclosed motors in Class II, Division 2 locations if the
complying with 502.120(B)(2). external surface temperatures, without a dust blanket, do not

exceed the temperatures indicated under the maximum full-
502.125 Motors and Generators load (normal operation) conditions in 500.8(C)(2). Totally

enclosed fan-cooled (TEFC) motors are specifically men-(A) Class II, Division 1 In Class II, Division 1 locations,
tioned. The motor should be examined carefully to be suremotors, generators, and other rotating electrical machinery
there are no external openings, even though the motor mayshall be in conformance with either of the following:
be marked TEFC.

(1) Identified for Class II, Division 1 locations Totally enclosed motors with no special provision for
(2) Totally enclosed pipe-ventilated, meeting temperature cooling may be used in Class II, Division 2 locations, but

limitations in 502.5 to deliver the same horsepower, they must be considerably
larger than an open-type, fan-cooled, or pipe-ventilated

It is intended that the phrase ‘‘other rotating electrical ma- motor.
chinery’’ include electric brakes. Listed and labeled electric
brakes are available for Class II, Group E, F, and G locations.

502.128 Ventilating PipingAlthough some explosionproof motors for Class I, Divi-
sion 1 locations are dust-ignitionproof and approved for both Ventilating pipes for motors, generators, or other rotating
Class I and II locations, this is not true of all motors. The electric machinery, or for enclosures for electric equipment,
marking should always be checked to be sure the motor is shall be of metal not less than 0.53 mm (0.021 in.) in thick-
designed and tested for the Class II location involved. If ness or of equally substantial noncombustible material and
control wiring to the motor is necessary, according to the shall comply with all of the following:
motor installation instructions, the control circuit must be

(1) Lead directly to a source of clean air outside of buildingsinstalled and connected properly. Most motors for Class II
(2) Be screened at the outer ends to prevent the entrancelocations require internal thermal protection to comply with

of small animals or birdsthe temperature limitations in 500.8(C)(2). Integral horse-
(3) Be protected against physical damage and against rust-power Class II motors may require both power and control

ing or other corrosive influencescircuit wiring from the motor controller to the motor.

Ventilating pipes shall also comply with 502.128(A)
(B) Class II, Division 2 In Class II, Division 2 locations, and 502.128(B).
motors, generators, and other rotating electrical equipment

(A) Class II, Division 1 In Class II, Division 1 locations,shall be totally enclosed nonventilated, totally enclosed pipe-
ventilating pipes, including their connections to motors orventilated, totally enclosed water-air-cooled, totally enclosed
to the dust-ignitionproof enclosures for other equipment,fan-cooled or dust-ignitionproof for which maximum full-
shall be dusttight throughout their length. For metal pipes,load external temperature shall be in accordance with
seams and joints shall comply with one of the following:500.8(C)(2) for normal operation when operating in free air

(not dust blanketed) and shall have no external openings. (1) Be riveted and soldered
(2) Be bolted and solderedException: If the authority having jurisdiction believes ac-
(3) Be weldedcumulations of nonconductive, nonabrasive dust will be
(4) Be rendered dusttight by some other equally effectivemoderate and if machines can be easily reached for routine

meanscleaning and maintenance, the following shall be permitted
to be installed:

(B) Class II, Division 2 In Class II, Division 2 locations,
ventilating pipes and their connections shall be sufficiently(1) Standard open-type machines without sliding contacts,

centrifugal or other types of switching mechanism (in- tight to prevent the entrance of appreciable quantities of dust
into the ventilated equipment or enclosure and to preventcluding motor overcurrent, overloading, and overtemp-

erature devices), or integral resistance devices the escape of sparks, flame, or burning material that might
ignite dust accumulations or combustible material in the(2) Standard open-type machines with such contacts,

switching mechanisms, or resistance devices enclosed vicinity. For metal pipes, lock seams and riveted or welded
joints shall be permitted; and tight-fitting slip joints shallwithin dusttight housings without ventilating or other

openings be permitted where some flexibility is necessary, as at con-
nections to motors.(3) Self-cleaning textile motors of the squirrel-cage type
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502.130 Article 502 — Class II Locations

be designed to minimize the deposit of dust on lamps and502.130 Luminaires (Lighting Fixtures)
to prevent the escape of sparks, burning material, or hotLuminaires (lighting fixtures) shall comply with 502.130(A)
metal. Each fixture shall be clearly marked to indicate theand 502.130(B).
maximum wattage of the lamp that shall be permitted without
exceeding an exposed surface temperature in accordance(A) Class II, Division 1 In Class II, Division 1 locations,
with 500.8(C)(2) under normal conditions of use.luminaires (lighting fixtures) for fixed and portable lighting

shall comply with 502.130(A)(1) through (A)(4).
(3) Physical Damage Luminaires (lighting fixtures) for
fixed lighting shall be protected from physical damage by(1) Fixtures Each luminaire (fixture) shall be identified for
suitable guards or by location.Class II locations and shall be clearly marked to indicate

the maximum wattage of the lamp for which it is designed. In
(4) Pendant Luminaires (Fixtures) Pendant luminaires

locations where dust from magnesium, aluminum, aluminum
(fixtures) shall be suspended by threaded rigid metal conduit

bronze powders, or other metals of similarly hazardous char-
stems, threaded steel intermediate metal conduit stems, by

acteristics may be present, luminaires (fixtures) for fixed
chains with approved fittings, or by other approved means.

or portable lighting and all auxiliary equipment shall be
For rigid stems longer than 300 mm (12 in.), permanent

identified for the specific location.
and effective bracing against lateral displacement shall be
provided at a level not more than 300 mm (12 in.) above(2) Physical Damage Each luminaire (fixture) shall be pro-
the lower end of the stem, or flexibility in the form of antected against physical damage by a suitable guard or by
identified fitting or a flexible connector shall be providedlocation.
not more than 300 mm (12 in.) from the point of attachment

(3) Pendant Luminaires (Fixtures) Pendant luminaires to the supporting box or fitting. Where wiring between an
(fixtures) shall be suspended by threaded rigid metal conduit outlet box or fitting and a pendant luminaire (fixture) is not
stems, threaded steel intermediate metal conduit stems, by enclosed in conduit, flexible cord listed for hard usage shall
chains with approved fittings, or by other approved means. be used. Flexible cord shall not serve as the supporting
For rigid stems longer than 300 mm (12 in.), permanent means for a fixture.
and effective bracing against lateral displacement shall be

(5) Electric-Discharge Lamps Starting and control equip-provided at a level not more than 300 mm (12 in.) above
ment for electric-discharge lamps shall comply with thethe lower end of the stem, or flexibility in the form of a
requirements of 502.120(B).fitting or a flexible connector listed for the location shall be

provided not more than 300 mm (12 in.) from the point of
Exhibit 502.5 shows a listed fixture suitable for use in Classattachment to the supporting box or fitting. Threaded joints
II, Group E, F, and G locations. Luminaires, fixed or portable,shall be provided with set-screws or other effective means
and auxiliary equipment (such as ballasts) must be approvedto prevent loosening. Where wiring between an outlet box
for use in Group E atmospheres if metal dusts are present.or fitting and a pendant luminaire (fixture) is not enclosed

Other than the requirement that the fixture be markedin conduit, flexible cord listed for hard usage shall be used,
to indicate maximum lamp wattage, the only requirementand suitable seals shall be provided where the cord enters
for fixtures in Division 2 locations is that lamps be enclosedthe luminaire (fixture) and the outlet box or fitting. Flexible
in suitable globes to minimize dust deposits on the lampscord shall not serve as the supporting means for a fixture.
and prevent the escape of sparks or burning material. Metal

(4) Supports Boxes, box assemblies, or fittings used for guards must be provided, unless globe breakage is unlikely.
the support of luminaires (lighting fixtures) shall be identi- Flexible cord of the hard-usage type is permitted with
fied for Class II locations. approved sealed connections for the wiring of chain-sus-

pended or hook-and-eye-suspended fixtures. Flexible cords
(B) Class II, Division 2 In Class II, Division 2 locations,

are not intended to be used as cord pendants or drop cords.
luminaires (lighting fixtures) shall comply with

The portable hand lamp shown in Exhibit 501.21 is
502.130(B)(1) through (B)(5).

approved as a complete assembly for use in Class I locations
and also in any Class II, Group F or G location.(1) Portable Lighting Equipment Portable lighting equip-

ment shall be identified for Class II locations. They shall
be clearly marked to indicate the maximum wattage of lamps 502.135 Utilization Equipment
for which they are designed.

(A) Class II, Division 1 In Class II, Division 1 locations,
all utilization equipment shall be identified for Class II loca-(2) Fixed Lighting Luminaires (lighting fixtures) for fixed

lighting, where not of a type identified for Class II locations, tions. Where dust from magnesium, aluminum, aluminum
bronze powders, or other metals of similarly hazardous char-shall provide enclosures for lamps and lampholders that shall
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502.150Article 502 — Class II Locations

(1) Be of a type listed for extra-hard usage

Exception: Flexible cord listed for hard usage as permitted
by 502.130(A)(3) and (B)(4).

(2) Contain, in addition to the conductors of the circuit, a
grounding conductor complying with 400.23

(3) Be connected to terminals or to supply conductors in
an approved manner

(4) Be supported by clamps or by other suitable means in
such a manner that there will be no tension on the
terminal connections

(5) Be provided with suitable seals to prevent the entrance
of dust where the flexible cord enters boxes or fittings
that are required to be dust-ignitionproof

502.145 Receptacles and Attachment Plugs
(A) Class II, Division 1 In Class II, Division 1 locations,
receptacles and attachment plugs shall be of the type provid-
ing for connection to the grounding conductor of the flexible
cord and shall be identified for Class II locations.

Exhibit 502.5 A typical luminaire for use in Class II, Division 1
(B) Class II, Division 2 In Class II, Division 2 locations,locations. (Courtesy of Cooper Crouse-Hinds)
receptacles and attachment plugs shall be of the type that
provides for connection to the grounding conductor of the
flexible cord and shall be designed so that connection to the
supply circuit cannot be made or broken while live parts are

acteristics may be present, such equipment shall be identified exposed.
for the specific location.

(B) Class II, Division 2 In Class II, Division 2 locations, 502.150 Signaling, Alarm, Remote-Control, and
all utilization equipment shall comply with 502.135(B)(1) Communications Systems; and Meters,
through (B)(4). Instruments, and Relays

(1) Heaters Electrically heated utilization equipment shall FPN: See Article 800 for rules governing the installation
be identified for Class II locations. of communications circuits.

Exception: Metal-enclosed radiant heating panel equip-
(A) Class II, Division 1 In Class II, Division 1 locations,

ment shall be dusttight and marked in accordance with
signaling, alarm, remote-control, and communications sys-

500.8(B).
tems; and meters, instruments, and relays shall comply with
502.150(A)(1) through (A)(6).(2) Motors Motors of motor-driven utilization equipment

shall comply with 502.125(B).
(1) WiringMethods The wiring method shall comply with
502.10(A).(3) Switches, Circuit Breakers, and Fuses Enclosures for

switches, circuit breakers, and fuses shall be dusttight.
(2) Contacts Switches, circuit breakers, relays, contactors,
fuses and current-breaking contacts for bells, horns, howlers,(4) Transformers, Solenoids, Impedance Coils, and Re-
sirens, and other devices in which sparks or arcs may besistors Transformers, solenoids, impedance coils, and resis-
produced shall be provided with enclosures identified for ators shall comply with 502.120(B).
Class II location.

502.140 Flexible Cords — Class II, Exception: Where current-breaking contacts are immersed
Divisions 1 and 2 in oil or where the interruption of current occurs within a

chamber sealed against the entrance of dust, enclosuresFlexible cords used in Class II locations shall comply with
all of the following: shall be permitted to be of the general-purpose type.
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502.150 Article 503 — Class III Locations

(3) Resistors and Similar Equipment Resistors, trans- ARTICLE 503
formers, choke coils, rectifiers, thermionic tubes, and other Class III Locationsheat-generating equipment shall be provided with enclosures
identified for Class II locations.

Summary of ChangesException: Where resistors or similar equipment are im-
• General:Restructured and renumbered to provide a scopemersed in oil or enclosed in a chamber sealed against the

section and parallel numbering systems for Articles 501,entrance of dust, enclosures shall be permitted to be of the
502, and 503.general-purpose type.

• 503.25: Revised to provide guidance concerning protec-
(4) Rotating Machinery Motors, generators, and other ro- tion against explosion and against electric shock in order
tating electric machinery shall comply with 502.125(A). to limit the voltage of exposed live parts.

(5) Combustible, Electrically Conductive Dusts Where
dusts are of a combustible, electrically conductive nature,
all wiring and equipment shall be identified for Class II Contents
locations. I. General

503.1 Scope
(6) Metal Dusts Where dust from magnesium, aluminum, 503.5 General
aluminum bronze powders, or other metals of similarly haz- II. Wiring
ardous characteristics may be present, all apparatus and 503.10 Wiring Methods
equipment shall be identified for the specific conditions. (A) Class III, Division 1

(B) Class III, Division 2(B) Class II, Division 2 In Class II, Division 2 locations,
503.25 Uninsulated Exposed Parts, Class III,signaling, alarm, remote-control, and communications sys-

Divisions 1 and 2tems; and meters, instruments, and relays shall comply with
503.30 Grounding and Bonding — Class III,502.150(B)(1) through (B)(5).

Divisions 1 and 2
(A) Bonding(1) Contacts Enclosures shall comply with 502.150(A)(2),
(B) Types of Equipment Grounding Conductorsor contacts shall have tight metal enclosures designed to

III. Equipmentminimize the entrance of dust and shall have telescoping or
503.100 Transformers and Capacitors — Class III,tight-fitting covers and no openings through which, after

Divisions 1 and 2installation, sparks or burning material might escape.
503.115 Switches, Circuit Breakers, Motor Controllers,

Exception: In nonincendive circuits, enclosures shall be and Fuses — Class III, Divisions 1 and 2
permitted to be of the general-purpose type. 503.120 Control Transformers and Resistors — Class

III, Divisions 1 and 2
(2) Transformers and Similar Equipment The windings 503.125 Motors and Generators — Class III, Divisions
and terminal connections of transformers, choke coils, and 1 and 2
similar equipment shall be provided with tight metal enclo- 503.128 Ventilating Piping — Class III, Divisions 1
sures without ventilating openings. and 2

503.130 Luminaires (Lighting Fixtures) — Class III,
(3) Resistors and Similar Equipment Resistors, resis- Divisions 1 and 2
tance devices, thermionic tubes, rectifiers, and similar equip- (A) Fixed Lighting
ment shall comply with 502.130(A)(3). (B) Physical Damage

(C) Pendant Luminaires (Fixtures)Exception: Enclosures for thermionic tubes, nonadjustable
(D) Portable Lighting Equipmentresistors, or rectifiers for which maximum operating temper-

503.135 Utilization Equipment — Class III, Divisionsature will not exceed 120�C (248�F) shall be permitted to
1 and 2be of the general-purpose type.

(A) Heaters
(B) Motors(4) Rotating Machinery Motors, generators, and other ro-
(C) Switches, Circuit Breakers, Motor Controllers,tating electric machinery shall comply with 502.125(B).

and Fuses
503.140 Flexible Cords — Class III, Divisions 1 and 2(5) WiringMethods The wiring method shall comply with

502.10(B).
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503.10Article 503 — Class III Locations

Fibers or flyings are hazardous not only because they
503.145 Receptacles and Attachment Plugs — Class are easily ignited, but also because flames spread through

III, Divisions 1 and 2 them quickly. Such fires travel with a rapidity approaching
503.150 Signaling, Alarm, Remote-Control, and Local an explosion and are commonly called flash fires.

Loudspeaker Intercommunications Systems Class III, Division 1 applies to locations where material
— Class III, Divisions 1 and 2 is handled, manufactured, or used. Division 2 applies to

503.155 Electric Cranes, Hoists, and Similar locations where material is stored or handled but where
Equipment — Class III, Divisions 1 and 2 no manufacturing processes are performed. Unlike Class I

(A) Power Supply locations (Groups A, B, C, and D) and Class II locations
(B) Contact Conductors (Groups E, F, and G), there are no material group designa-
(C) Current Collectors tions in Class III locations.
(D) Control Equipment

503.160 Storage Battery Charging Equipment — Class
III, Divisions 1 and 2 II. Wiring

503.10 Wiring Methods
Wiring methods shall comply with 503.10(A) or 503.10(B).I. General

503.1 Scope (A) Class III, Division 1 In Class III, Division 1 locations,
the wiring method shall be rigid metal conduit, rigid nonme-Article 503 covers the requirements for electrical and elec-
tallic conduit, intermediate metal conduit, electrical metallictronic equipment and wiring for all voltages in Class III,
tubing, dusttight wireways, or Type MC or MI cable withDivision 1 and 2 locations where fire or explosion hazards
listed termination fittings.may exist due to ignitible fibers or flyings.

(1) Boxes and Fittings All boxes and fittings shall be dust-
503.5 General tight.
The general rules of this Code shall apply to electric wiring

(2) Flexible Connections Where necessary to employ flex-and equipment in locations classified as Class III locations
ible connections, dusttight flexible connectors, liquidtightin 500.5(D).
flexible metal conduit with listed fittings, liquidtight flexible
nonmetallic conduit with listed fittings, or flexible cord inException: As modified by this article.
conformance with 503.140 shall be used.

Equipment installed in Class III locations shall be able
FPN: See 503.30(B) for grounding requirements whereto function at full rating without developing surface tempera-
flexible conduit is used.tures high enough to cause excessive dehydration or gradual

carbonization of accumulated fibers or flyings. Organic ma- (3) Nonincendive FieldWiring Nonincendive field wiring
terial that is carbonized or excessively dry is highly suscepti- shall be permitted using any of the wiring methods permitted
ble to spontaneous ignition. The maximum surface for unclassified locations. Nonincendive field wiring sys-
temperatures under operating conditions shall not exceed tems shall be installed in accordance with the control draw-
165�C (329�F) for equipment that is not subject to overload- ing(s). Simple apparatus, not shown on the control drawing,
ing, and 120�C (248�F) for equipment (such as motors or shall be permitted in a nonincendive field wiring circuit,
power transformers) that may be overloaded. provided the simple apparatus does not interconnect the

nonincendive field wiring circuit to any other circuit.FPN: For electric trucks, see NFPA 505-2002, Fire
Safety Standard for Powered Industrial Trucks Including
Type Designations, Areas of Use, Conversions, Mainte- This section was added to the 2005 Code regarding nonin-
nance, and Operation. cendive field wiring. The requirements for nonincendive

field wiring for Class I and Class II were modified and
Class III locations usually include textile mills that process expanded for the 2002 Code, but they were not included
cotton, rayon, and so on, where easily ignitible fibers or for Class III locations. Section 503.10(A)(3) ensures that
combustible flyings are present in the manufacturing pro- nonincendive field wiring is permitted in Class III locations.
cess. Sawmills and other woodworking plants, where saw-
dust, wood shavings, and combustible fibers or flyings are

FPN: Simple apparatus is defined in 504.2.present, may also become hazardous. If wood flour (dust)
is also present, the location is a Class II, Group G location,

Separate nonincendive field wiring circuits shall be in-not a Class III location.
stalled in accordance with one of the following:
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503.25 Article 503 — Class III Locations

(1) In separate cables For information regarding bonding in hazardous (classified)
(2) In multiconductor cables where the conductors of each locations, see the commentary on 501.30(A). Although that

circuit are within a grounded metal shield section addresses bonding in Class I locations, the same
(3) In multiconductor cables where the conductors of each requirement for enhanced bonding in Class III locations is

circuit have insulation with a minimum thickness of found in 502.30(A), and the requirements of 250.100 apply
0.25 mm (0.01 in.) to Class I, Class II, and Class III locations.

(B) Class III, Division 2 In Class III, Division 2 locations,
the wiring method shall comply with 503.10(A).

Exception: The specific bonding means shall only be re-
quired to the nearest point where the grounded circuit con-Exception: In sections, compartments, or areas used solely
ductor and the grounding electrode conductor are connectedfor storage and containing no machinery, open wiring on
together on the line side of the building or structure discon-insulators shall be permitted where installed in accordance
necting means as specified in 250.32(A), (B), and (C), if thewith Article 398, but only on condition that protection as
branch-circuit overcurrent protection is located on the loadrequired by 398.15(C) be provided where conductors are
side of the disconnecting means.not run in roof spaces and are well out of reach of sources

of physical damage. FPN: See 250.100 for additional bonding requirements
in hazardous (classified) locations.

503.25 Uninsulated Exposed Parts, Class III,
(B) Types of Equipment Grounding Conductors WhereDivisions 1 and 2
flexible conduit is used as permitted in 503.10, it shall be

There shall be no uninsulated exposed parts, such as electric installed with internal or external bonding jumpers in parallel
conductors, buses, terminals, or components, that operate at with each conduit and complying with 250.102.
more than 30 volts (15 volts in wet locations). These parts

Exception: In Class III, Division 1 and 2 locations, theshall additionally be protected by a protection technique
bonding jumper shall be permitted to be deleted where allaccording to 500.7(E), 500.7(F), or 500.7(G) that is suitable
of the following conditions are met:for the location.

(1) Listed liquidtight flexible metal 1.8 m (6 ft) or less inException: As provided in 503.155.
length, with fittings listed for grounding, is used.

(2) Overcurrent protection in the circuit is limited to 10
Exposed live parts are allowed in Class III, Division 1 and

amperes or less.
2 locations provided that the voltage does not exceed 30

(3) The load is not a power utilization load.
volts in dry locations or 15 volts in wet locations. However,
caution must be observed in working around uninsulated III. Equipment
exposed parts because tool or other conductive items that
come in contact with the circuit could produce sparks and 503.100 Transformers and Capacitors — Class
be a source of ignition in a hazardous (classified) location. III, Divisions 1 and 2

Transformers and capacitors shall comply with 502.100(B).

503.30 Grounding and Bonding — Class III, 503.115 Switches, Circuit Breakers, Motor
Divisions 1 and 2 Controllers, and Fuses — Class III,
Wiring and equipment in Class III, Division 1 and 2 locations Divisions 1 and 2
shall be grounded as specified in Article 250 and with the Switches, circuit breakers, motor controllers, and fuses, in-
following additional requirements in 503.30(A) and cluding pushbuttons, relays, and similar devices, shall be
503.30(B). provided with dusttight enclosures.

(A) Bonding The locknut-bushing and double-locknut
See the definition of dusttight in Article 100.types of contacts shall not be depended on for bonding

purposes, but bonding jumpers with proper fittings or other
approved means of bonding shall be used. Such means of

503.120 Control Transformers and Resistors —bonding shall apply to all intervening raceways, fittings,
Class III, Divisions 1 and 2boxes, enclosures, and so forth, between Class III locations

and the point of grounding for service equipment or point Transformers, impedance coils, and resistors used as or in
conjunction with control equipment for motors, generators,of grounding of a separately derived system.
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503.135Article 503 — Class III Locations

and appliances shall be provided with dusttight enclosures quantities of fibers or flyings into the ventilated equipment
or enclosure and to prevent the escape of sparks, flame, orcomplying with the temperature limitations in 503.5.
burning material that might ignite accumulations of fibers
or flyings or combustible material in the vicinity. For metalSee the definition of dusttight in Article 100.
pipes, lock seams and riveted or welded joints shall be
permitted; and tight-fitting slip joints shall be permitted
where some flexibility is necessary, as at connections to
motors.503.125 Motors and Generators — Class III,

Divisions 1 and 2 503.130 Luminaires (Lighting Fixtures)—Class
In Class III, Divisions 1 and 2 locations, motors, generators, III, Divisions 1 and 2
and other rotating machinery shall be totally enclosed non-

(A) Fixed Lighting Luminaires (lighting fixtures) for fixedventilated, totally enclosed pipe ventilated, or totally en-
lighting shall provide enclosures for lamps and lampholdersclosed fan cooled.
that are designed to minimize entrance of fibers and flyings

Exception: In locations where, in the judgment of the au- and to prevent the escape of sparks, burning material, or hot
thority having jurisdiction, only moderate accumulations of metal. Each luminaire (fixture) shall be clearly marked to
lint or flyings are likely to collect on, in, or in the vicinity show the maximum wattage of the lamps that shall be permit-
of a rotating electric machine and where such machine is ted without exceeding an exposed surface temperature of
readily accessible for routine cleaning and maintenance, 165�C (329�F) under normal conditions of use.
one of the following shall be permitted: (B) Physical Damage A luminaire (fixture) that may be

exposed to physical damage shall be protected by a suitable(1) Self-cleaning textile motors of the squirrel-cage type
guard.(2) Standard open-type machines without sliding contacts,

centrifugal or other types of switching mechanisms, in- (C) Pendant Luminaires (Fixtures) Pendant luminaires
cluding motor overload devices (fixtures) shall be suspended by stems of threaded rigid

(3) Standard open-type machines having such contacts, metal conduit, threaded intermediate metal conduit, threaded
switching mechanisms, or resistance devices enclosed metal tubing of equivalent thickness, or by chains with ap-
within tight housings without ventilating or other open- proved fittings. For stems longer than 300 mm (12 in.),
ings permanent and effective bracing against lateral displacement

shall be provided at a level not more than 300 mm (12 in.)
It is intended that the phrase ‘‘other rotating machinery’’ in above the lower end of the stem, or flexibility in the form
503.125 include electric brakes. Listed and labeled electric of an identified fitting or a flexible connector shall be pro-
brakes are available for Class II, Group G locations, and, vided not more than 300 mm (12 in.) from the point of
according to the UL Hazardous Location Equipment Direc- attachment to the supporting box or fitting.
tory, these brakes are suitable for Class III locations. (D) Portable Lighting Equipment Portable lighting

equipment shall be equipped with handles and protected
with substantial guards. Lampholders shall be of the un-
switched type with no provision for receiving attachment503.128 Ventilating Piping — Class III,
plugs. There shall be no exposed current-carrying metalDivisions 1 and 2
parts, and all exposed non–current-carrying metal parts shall

Ventilating pipes for motors, generators, or other rotating be grounded. In all other respects, portable lighting equip-
electric machinery, or for enclosures for electric equipment, ment shall comply with 503.130(A).
shall be of metal not less than 0.53 mm (0.021 in.) in thick-

503.135 Utilization Equipment — Class III,ness, or of equally substantial noncombustible material, and
shall comply with the following: Divisions 1 and 2

(A) Heaters Electrically heated utilization equipment shall(1) Lead directly to a source of clean air outside of buildings
be identified for Class III locations.(2) Be screened at the outer ends to prevent the entrance

of small animals or birds (B) Motors Motors of motor-driven utilization equipment
(3) Be protected against physical damage and against rust- shall comply with 503.125.

ing or other corrosive influences
(C) Switches, Circuit Breakers, Motor Controllers, and
Fuses Switches, circuit breakers, motor controllers, andVentilating pipes shall be sufficiently tight, including

their connections, to prevent the entrance of appreciable fuses shall comply with 503.115.
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503.140 Article 503 — Class III Locations

the contact conductors in case of a fault to ground or gives503.140 Flexible Cords — Class III,
a visual and audible alarm as long as power is supplied toDivisions 1 and 2
the contact conductors and the ground fault remains.Flexible cords shall comply with the following:

(B) Contact Conductors Contact conductors shall be lo-(1) Be of a type listed for extra-hard usage
cated or guarded so as to be inaccessible to other than author-(2) Contain, in addition to the conductors of the circuit, a
ized persons and shall be protected against accidental contactgrounding conductor complying with 400.23
with foreign objects.(3) Be connected to terminals or to supply conductors in

an approved manner (C) Current Collectors Current collectors shall be ar-
(4) Be supported by clamps or other suitable means in such ranged or guarded so as to confine normal sparking and

a manner that there will be no tension on the terminal prevent escape of sparks or hot particles. To reduce sparking,
connections two or more separate surfaces of contact shall be provided

(5) Be provided with suitable means to prevent the entrance for each contact conductor. Reliable means shall be provided
of fibers or flyings where the cord enters boxes or to keep contact conductors and current collectors free of
fittings accumulations of lint or flyings.

(D) Control Equipment Control equipment shall comply503.145 Receptacles and Attachment Plugs —
with 503.115 and 503.120.Class III, Divisions 1 and 2

Receptacles and attachment plugs shall be of the grounding
In a Class III location, cranes that are installed over accumu-

type and shall be designed so as to minimize the accumula-
lations of fibers or flyings and equipped with rolling or

tion or the entry of fibers or flyings, and shall prevent the
sliding collectors that make contact with bare conductors

escape of sparks or molten particles.
introduce two hazards.

The first hazard results from any arcing between a con-Exception: In locations where, in the judgment of the au-
ductor and a collector rail igniting combustible fibers or lintthority having jurisdiction, only moderate accumulations of
that has accumulated on or near the bare conductor. Thislint or flyings will be likely to collect in the vicinity of a
hazard may be prevented by maintaining the proper align-receptacle, and where such receptacle is readily accessible
ment of the bare conductor, by using a collector designedfor routine cleaning, general-purpose grounding-type recep-
so that proper contact is always maintained, and by usingtacles mounted so as to minimize the entry of fibers or flyings
guards or shields to confine hot metal particles that resultshall be permitted.
from arcing.

The second hazard occurs if enough moisture is present503.150 Signaling, Alarm, Remote-Control, and
and fibers and flyings accumulating on the insulating sup-Local Loudspeaker Intercommunications
ports of the bare conductors form a conductive path betweenSystems — Class III, Divisions 1 and 2
the conductors or from one conductor to ground, permitting

Signaling, alarm, remote-control, and local loudspeaker in- enough current to flow to ignite the fibers. If the system is
tercommunications systems shall comply with the require- ungrounded, a current flow to ground is unlikely to start a
ments of Article 503 regarding wiring methods, switches, fire.
transformers, resistors, motors, luminaires (lighting fix- A suitable recording ground detector sounds an alarm
tures), and related components. and automatically de-energizes contact conductors when the

insulation resistance is lowered by an accumulation of fibers
503.155 Electric Cranes, Hoists, and Similar on the insulators or in case of a fault to ground. A ground-
Equipment — Class III, Divisions 1 and 2 fault indicator is permitted that maintains an alarm until the

system is de-energized or the ground fault is cleared.Where installed for operation over combustible fibers or
accumulations of flyings, traveling cranes and hoists for
material handling, traveling cleaners for textile machinery, 503.160 Storage Battery Charging Equipment
and similar equipment shall comply with 503.155(A)

— Class III, Divisions 1 and 2through (D).
Storage battery charging equipment shall be located in sepa-
rate rooms built or lined with substantial noncombustible(A) Power Supply Power supply to contact conductors

shall be electrically isolated from all other systems, un- materials. The rooms shall be constructed to prevent the
entrance of ignitible amounts of flyings or lint and shall begrounded, and shall be equipped with an acceptable ground

detector that gives an alarm and automatically de-energizes well ventilated.
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504.2Article 504 — Intrinsically Safe Systems

were in ANSI/ISA RP 12.6-03, Recommended Practice forARTICLE 504
Wiring Methods for Hazardous (Classified) Locations In-Intrinsically Safe Systems strumentation, Part 1: Intrinsic Safety.

Summary of Changes 504.2 Definitions
• 504.10(B): Revised to add requirements for the installa-

The standard used in the United States for construction andtion of simple apparatus in a hazardous (classified) loca-
performance requirements for intrinsically safe systems istion.
ANSI/UL 913, Intrinsically Safe Apparatus and Associated• 504.30(B)(3): Added requirement for spacing between
Apparatus for Use in Class I, II, and III, Division 1, Hazard-terminals as a means to provide separation between differ-
ous (Classified) Locations. ANSI/UL 913 is similar to stan-ent intrinsically safe circuits.
dards for intrinsically safe equipment in other countries; all
standards are based on the IEC (International Electrotechni-
cal Commission) standard. ANSI/UL 60079-11, Electrical

Contents Apparatus for Explosive Gas Atmospheres — Part II: Intrin-
sic Safety ‘‘i’’ is based on the IEC 60079-11 standard and also504.1 Scope
contains the U.S. deviations that allow it to be compatible for504.2 Definitions
installations in the United States. The NEC offers the choice504.3 Application of Other Articles
of designating hazardous (classified) locations as two divi-504.4 Equipment
sions (1 and 2) or three zones (0, 1, and 2). ANSI/UL504.10 Equipment Installation
913 requirements, however, are based on the IEC Zone(A) Control Drawing
0 requirements, which are the most stringent. Equipment(B) Location
certified by a testing laboratory for Zone 1 would not neces-504.20 Wiring Methods
sarily meet ANSI/UL 913 requirements for Division 1.504.30 Separation of Intrinsically Safe Conductors

(A) From Nonintrinsically Safe Circuit Conductors
(B) From Different Intrinsically Safe Circuit Conductors Associated Apparatus. Apparatus in which the circuits are

504.50 Grounding not necessarily intrinsically safe themselves but that affect
(A) Intrinsically Safe Apparatus, Associated Apparatus, the energy in the intrinsically safe circuits and are relied on

and Raceways to maintain intrinsic safety. Associated apparatus may be
(B) Connection to Grounding Electrodes either of the following:
(C) Shields

(1) Electrical apparatus that has an alternative-type protec-504.60 Bonding
tion for use in the appropriate hazardous (classified)(A) Hazardous Locations
location(B) Unclassified

(2) Electrical apparatus not so protected that shall not be504.70 Sealing
used within a hazardous (classified) location504.80 Identification
FPN No. 1: Associated apparatus has identified intrinsi-(A) Terminals
cally safe connections for intrinsically safe apparatus(B) Wiring
and also may have connections for nonintrinsically safe

(C) Color Coding apparatus.
FPN No. 2: An example of associated apparatus is an
intrinsic safety barrier, which is a network designed to504.1 Scope
limit the energy (voltage and current) available to the

This article covers the installation of intrinsically safe (I.S.) protected circuit in the hazardous (classified) location,
under specified fault conditions.apparatus, wiring, and systems for Class I, II, and III loca-

tions.
For an illustration of an intrinsic safety barrier, see ExhibitFPN: For further information, see ANSI/ISA RP
504.1.12.06.01-2002, Wiring Methods for Hazardous (Classi-

fied) Locations Instrumentation — Part 1: Intrinsic
Safety.

Control Drawing. See definition in 500.2.

Different Intrinsically Safe Circuits. Intrinsically safe cir-Article 504 was first included in the 1990 NEC. Previously,
cuits in which the possible interconnections have not beenthe installation requirements for intrinsically safe systems
evaluated and identified as intrinsically safe.
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504.3 Article 504 — Intrinsically Safe Systems

volts and currents in the microampere range, they are notnec-
essarily intrinsically safe. Low-energy devices are normally
connected to amplifiers and power supplies that are con-
nected to 120-volt or higher circuits. Should a fault occur
within the amplifier or power supply, or a voltage surge
occur in the electrical supply system, high-energy arcing,
sparking, or overheating of the low-energy portion of the
circuit could occur.

FPN: An intrinsically safe system may include more
than one intrinsically safe circuit.

Simple Apparatus. An electrical component or combina-
tion of components of simple construction with well-defined
electrical parameters that does not generate more than 1.5
volts, 100 milliamps, and 25 milliwatts, or a passive compo-
nent that does not dissipate more than 1.3 watts and is
compatible with the intrinsic safety of the circuit in which
it is used.

Exhibit 504.1 A typical intrinsic safety barrier that limits the en-
ergy available to the hazardous location. (Courtesy of Cooper FPN: The following apparatus are examples of simple

apparatus:Crouse-Hinds)

(a) Passive components, for example, switches,
Intrinsically Safe Apparatus. Apparatus in which all the junction boxes, resistance temperature devices, and sim-

ple semiconductor devices such as LEDscircuits are intrinsically safe.
(b) Sources of generated energy, for example, ther-Intrinsically Safe Circuit. A circuit in which any spark or mocouples and photocells, which do not generate more

thermal effect is incapable of causing ignition of a mixture than 1.5 V, 100 mA, and 25 mW
of flammable or combustible material in air under prescribed
test conditions. The definition of simple apparatus clarifies the use of the

FPN: Test conditions are described in ANSI/UL 913- term in 504.4, Exception, and 504.10, Exception. The intent
1997, Standard for Safety, Intrinsically Safe Apparatus is to permit the use of apparatus that stores little or no energy
and Associated Apparatus for Use in Class I, II, and III, without requiring the apparatus to be listed or to comply
Division 1, Hazardous (Classified) Locations.

with the control drawing. See the fine print note following
the definition of simple apparatus for examples of simple

Due to its physical and electrical characteristics, an intrinsi- apparatus.
cally safe circuit does not develop sufficient electrical energy
(millijoules) in an arc or spark to cause ignition or sufficient

504.3 Application of Other Articlesthermal energy resulting from an overload condition to cause
the temperature of the installed circuit to exceed the ignition Except as modified by this article, all applicable articles of
temperature of a specified gas or vapor under normal or this Code shall apply.
abnormal operating conditions.

An abnormal condition may be due to accidental dam- Because intrinsically safe wiring must be low-energy wiring
age, failure of electrical components, excessive voltage, or to be intrinsically safe, the wiring itself is most likely to be
improper adjustment or maintenance of the equipment. Class 2, in accordance with 725.41, or, in a fire-protective

signaling system, power-limited in accordance with 760.41.
Intrinsically Safe System. An assembly of interconnected See Article 725 or 760, as appropriate, for the requirements
intrinsically safe apparatus, associated apparatus, and inter- for such wiring. The installation may also fall under the
connecting cables in that those parts of the system that may scope of Article 800. The intrinsically safe apparatus and
be used in hazardous (classified) locations are intrinsically associated apparatus, on the other hand, may be supplied by
safe circuits. ordinary power circuits, in which case other Code rules

may apply. It is common for intrinsically safe apparatus or
associated apparatus supplied by a power circuit to be locatedAlthough low-energy devices, such as thermocouples, crys-

tal stain transducers, or pressure transducers, generate milli- in a hazardous (classified) location, with the apparatus pro-
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504.20Article 504 — Intrinsically Safe Systems

tected by one of the protection systems required by Articles Section 504.10(B) in the 2005 Code has been expanded to
500 through 503, 505, or 506, that is, explosionproof, dust- provide guidance for designers, installers, and inspectors
ignitionproof, purged, and pressurized. In this case, Articles pertaining to simple apparatus installed in hazardous (classi-
500 through 503, 505, and 506 also apply. Also, intrinsically fied) locations. See the definition of simple apparatus and
safe systems are not exempt from the grounding and bonding the accompanying fine print note in 504.2. Table 504.10(B)
requirements of 501.30, 502.30, 503.30, and 505.25. provides the surface temperature allowed for T4 classifica-

tion based on the total surface area of the equipment.

504.4 Equipment
(1) Reference to Table 504.10(B)

All intrinsically safe apparatus and associated apparatus shall
(2) Calculation using the formula:

be listed.
T = PoRth � Tamb

Exception: Simple apparatus, as described on the control where:
drawing, shall not be required to be listed. T is the surface temperature

Po is the output power marked on the associated appara-
504.10 Equipment Installation tus or intrinsically safe apparatus
(A) Control Drawing Intrinsically safe apparatus, associ- Rth is the thermal resistance of the simple apparatus
ated apparatus, and other equipment shall be installed in Tamb is the ambient temperature (normally 40�C) and
accordance with the control drawing(s). reference Table 500.8(B)

Exception: A simple apparatus that does not interconnect Table 504.10(B) Assessment for T4 Classification According
intrinsically safe circuits. to Component Size and Temperature

FPN: The control drawing identification is marked on
Requirement for T4 Classificationthe apparatus.

Total Surface Area (Based on 40�C Ambient
Excluding Lead Wires Temperature)

The control drawing may put limitations on cables and on
<20 mm2 Surface temperature �275�Cthe separation of circuits in an intrinsically safe system.

�20 mm2 �10 cm2 Surface temperature �200�CThe control drawing also illustrates what is permitted to be
�20 mm2 Power not exceeding 1.3 W*

connected in the system. Compliance with all the provisions
in the control drawing is essential if intrinsic safety is to be *Reduce to 1.2 W with an ambient of 60�C or 1.0 W with 80�C ambient

temperature.maintained. The investigation of the equipment by third-
party testing laboratories is based on installation in accor-

In addition, components with a surface area smallerdance with the control drawing.
than 10 cm2 (excluding lead wires) may be classified as T5
if their surface temperature does not exceed 150�C.

(B) Location Intrinsically safe apparatus shall be permitted FPN: The following apparatus are examples of simple
apparatus:to be installed in any hazardous (classified) location for

which it has been identified. General-purpose enclosures (1) Passive components, for example, switches, junction
boxes, resistance temperature devices, and simpleshall be permitted for intrinsically safe apparatus.
semiconductor devices such as LEDsAssociated apparatus shall be permitted to be installed

(2) Sources of generated energy, for example, thermo-
in any hazardous (classified) location for which it has been couples and photocells, which do not generate more
identified or, if protected by other means, permitted by Arti- than 1.5 V, 100 mA, and 25 mW
cles 501 through 503 and Article 505.

504.20 Wiring MethodsSimple apparatus shall be permitted to be installed in
any hazardous (classified) location in which the maximum Intrinsically safe apparatus and wiring shall be permitted to

be installed using any of the wiring methods suitable forsurface temperature of the simple apparatus does not exceed
the ignition temperature of the flammable gases or vapors, unclassified locations, including Chapter 7 and Chapter 8.

Sealing shall be as provided in 504.70, and separation shallflammable liquids, combustible dusts, or ignitible fibers or
flyings present. be as provided in 504.30.

For simple apparatus, the maximum surface temperature
can be determined from the values of the output power from See the commentary following 504.3 for more information
the associated apparatus or apparatus to which it is connected on the types of circuits typically used as part of an intrinsi-
to obtain the temperature class. The temperature class can cally safe system.
be determined by:
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504.30 Article 504 — Intrinsically Safe Systems

fault. Because low-voltage, low-energy but nonintrinsically504.30 Separation of Intrinsically
safe circuits are permitted by Articles 725 and 800 to beSafe Conductors
minimally insulated and may not be protected by being(A) From Nonintrinsically Safe Circuit Conductors
installed in raceways or cables, particularly in nonhazardous

(1) In Raceways, Cable Trays, and Cables Conductors locations, it is essential that nonintrinsically safe circuits
of intrinsically safe circuits shall not be placed in any race- and intrinsically safe circuits be physically and electrically
way, cable tray, or cable with conductors of any nonintrinsi- separated.
cally safe circuit.

Exception No. 1: Where conductors of intrinsically safe cir- (3) Other (Not in Raceway or Cable Tray Systems) Con-
cuits are separated from conductors of nonintrinsically safe ductors and cables of intrinsically safe circuits run in other
circuits by a distance of at least 50 mm (2 in.) and secured, than raceway or cable tray systems shall be separated by at
or by a grounded metal partition or an approved insulating least 50 mm (2 in.) and secured from conductors and cables
partition. of any nonintrinsically safe circuits.

FPN: No. 20 gauge sheet metal partitions 0.91 mm
(0.0359 in.) or thicker are generally considered accept-

The provisions of 504.30(A)(3) provide separation require-able.
ments for intrinsically safe circuit conductors and cables

Exception No. 2: Where either (1) all of the intrinsically that are installed using a wiring method other than a raceway
safe circuit conductors or (2) all of the nonintrinsically safe or a support system other than cable tray.
circuit conductors are in grounded metal-sheathed or metal-
clad cables where the sheathing or cladding is capable of

Exception: Where either (1) all of the intrinsically safe cir-
carrying fault current to ground.

cuit conductors are in Type MI or MC cables or (2) all of
FPN: Cables meeting the requirements of Articles 330 the nonintrinsically safe circuit conductors are in raceways
and 332 are typical of those considered acceptable.

or Type MI or MC cables where the sheathing or cladding
is capable of carrying fault current to ground.

Type MI cable with a copper sheath and Type MC cable of
(B) From Different Intrinsically Safe Circuit Conduc-smooth metallic sheath or corrugated metallic sheath con-
tors Different intrinsically safe circuits shall be in separatestruction meet the conditions prescribed in 504.30(A)(1),
cables or shall be separated from each other by one of theException No. 2. The metallic sheath of interlocked-tape
following means:Type MC cable (as opposed to the smooth or corrugated

continuous outer sheath) is generally not investigated for (1) The conductors of each circuit are within a grounded
metal shield.suitability as an equipment grounding conductor and, there-

fore, may not be capable of carrying a fault current to ground (2) The conductors of each circuit have insulation with a
minimum thickness of 0.25 mm (0.01 in.).as required by Exception No. 2.

Exception: Unless otherwise identified.
(2) Within Enclosures (3) The clearance between two terminals for connection of
(1) Conductors of intrinsically safe circuits shall be sepa- field wiring of different intrinsically safe circuits shall

rated at least 50 mm (2 in.) from conductors of any be at least 6 mm (0.25 in.) unless this clearance is
nonintrinsically safe circuits, or as specified in permitted to be reduced by the control drawing.
504.30(A)(2).

(2) All conductors shall be secured so that any conductor
New in the 2005 NEC, terminals for different intrinsicallythat might come loose from a terminal cannot come in
safe circuits are to have at least a 1⁄4- (0.25-) inch separation.contact with another terminal.
This separation can be reduced if shown in the control draw-

FPN No. 1: The use of separate wiring compartments for ing for the intrinsically safe circuits that are connected to
the intrinsically safe and nonintrinsically safe terminals is

the adjacent terminals. The minimum clearance requirementthe preferred method of complying with this requirement.
provides a safeguard against an inadvertent connection be-FPN No. 2: Physical barriers such as grounded metal
tween adjacent terminals (with different IS circuits) thatpartitions or approved insulating partitions or approved

restricted access wiring ducts separated from other such could occur during maintenance orconnection of a new circuit
ducts by at least 19 mm (3⁄4 in.) can be used to help to an existing terminal block for intrinsically safe circuits.
ensure the required separation of the wiring.

504.50 Grounding
The intent of 504.30(A) is to prevent the intrusion of unsafe

(A) Intrinsically Safe Apparatus, Associated Apparatus,energy into the intrinsically safe system as a result of a wiring
and Raceways Intrinsically safe apparatus, associated ap-
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504.50Article 504 — Intrinsically Safe Systems

paratus, cable shields, enclosures, and raceways, if of metal, Resistor R2 limits the current in the intrinsically safe
shall be grounded. circuit to the required value at the output voltage of Z1 and

Z2. Therefore, even though up to 250 volts ac may be appliedFPN: Supplementary bonding to the grounding electrode
may be needed for some associated apparatus, for exam- to the input of the circuit (terminals 1 and 2) as a result of
ple, zener diode barriers, if specified in the control draw- a fault in the equipment or circuit connected to terminals 1
ing. See ANSI/ISA RP 12.06.01-2002, Wiring Methods and 2, the output at terminals 3 and 4 cannot exceed the
for Hazardous (Classified) Locations Instrumentation

voltage and current permitted by the diodes and resistor.Part 1: Intrinsic Safety.
Shunt diode barriers normally have maximum induc-

tance and capacitance ratings on the intrinsically safe side
It is important to maintain a low-impedance path to ground

because, even though both the voltage and the current are
for zener diode barrier systems because such systems shunt

limited at terminals 3 and 4, too much inductance in the
fault currents to ground.

circuit connected to terminals 3 and 4 could result in the
Exhibit 504.2 illustrates a common type of zener diode

release of an ignition-capable spark when the circuit is
barrier system. F1 limits the duration of the current in Z1 and

opened. In a like manner, too much capacitance between
Z2 to the power rating of the zener diodes under fault condi-

terminals 3 and 4 could result in the release of an ignition-
tions, so that the diodes need not be excessively large. Al-

capable spark if there were a short-circuit between wiring
though the diodes themselves can be considered subject to

connected to terminals 3 and 4 or between wiring connected
open-circuit fault, they are redundant components, and either

to terminal 3 and ground.
one alone provides the necessary protection in the event of a

Wiring always has inductance and capacitance associ-
first fault, that is, high voltage across input terminals 1 and 2.

ated with it, depending on the spacing between conductors,
Resistor R2 is the current-limiting resistor and has been inves-

size of conductors, and length of conductors. It is necessary,
tigated as a protective component not subject to short-circuit

therefore, to limit the length of conductors connected to
fault. Resistor R1 is used primarily to permit testing to deter-

terminals 3 and 4, just as it is necessary to limit the induc-
mine that the diodes are intact. Terminals 2 and 4 and the ends

tance and capacitance of connected equipment. The length
of the two diodes are connected to a ground bus that, in turn,

limitation is usually on the order of thousands of feet. The
is connected to a ground system to which all grounds in the

manufacturer’s instructions provide the information on in-
intrinsically safe system are connected. A very low imped-

stallation limitations.
ance (1 ohm or less is usually recommended) is necessary

By adjusting the values of its components, the barrier
so that the voltage level on the ground bus will not be raised

can be designed for a variety of uses, including different
to an unsafe level under high-current fault conditions.

types of instrument systems and thermocouples. Barriers
A shunt diode barrier system is commonly tested with

such as described are available commercially from a number
250 volts ac across terminals 1 and 2, representing a fault

of manufacturers.
in associated apparatus on the nonhazardous location side
of the barrier, which imposes a voltage up to 250 volts ac
on these terminals. Diode Z1 conducts at its rated voltage, (B) Connection to Grounding Electrodes Where connec-
typically 14 or 15 volts for a barrier designed for a 12-volt tion to a grounding electrode is required, the grounding
(normal operation) system, thus limiting the output voltage electrode shall be as specified in 250.52(A)(1), (A)(2),
of the circuit to 14 or 15 volts. The voltage at which this (A)(3), and (A)(4) and shall comply with 250.30(A)(7). Sec-
diode conducts is designed to be higher than the rated input tion 250.52(A)(5), (A)(6), and (A)(7) shall not be used if
voltage (under no-fault conditions) at terminals 1 and 2. The electrodes specified in 250.52(A)(1), (A)(2), (A)(3), or
fuse is selected so that it will open before the power rating (A)(4) are available.
of Z1 is exceeded. Diode Z2 usually conducts within 1 or 2
volts of Z1 and serves as a backup to Z1 in the event Z1 fails The electrodes specified in 250.52(A)(1) through
in an open-circuit condition for any reason. 250.52(A)(4) include metal underground water pipes, the

metal frames of building, concrete-encased electrodes, and
ground rings. These electrodes usually provide lower resis-
tance grounds than electrodes, such as ground rods and plate
electrodes, covered in 250.52(A)(5) and 250.52(A)(6).

(C) Shields Where shielded conductors or cables are used,

Nonhazardous
location side

Intrinsically
safe side

1

2

3

4

F1 R1

Z1 Z2

R2

shields shall be grounded.

Exception: Where a shield is part of an intrinsically safeExhibit 504.2 Fused zener diode barrier.
circuit.
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504.60 Article 505 — Class I, Zone 0, 1, and 2 Locations

blue and where no other conductors colored light blue are504.60 Bonding
used. Likewise, color coding shall be permitted to identify(A) Hazardous Locations In hazardous (classified) loca-
raceways, cable trays, and junction boxes where they aretions, intrinsically safe apparatus shall be bonded in the
colored light blue and contain only intrinsically safe wiring.hazardous (classified) location in accordance with 250.100.

(B) Unclassified In unclassified or nonhazardous loca-
tions, where metal raceways are used for intrinsically safe ARTICLE 505
system wiring in hazardous (classified) locations, associated

Class I, Zone 0, 1, and 2 Locationsapparatus shall be bonded in accordance with 501.30(A),
502.30(A), 503.30(A), or 505.25, as applicable.

Summary of Changes504.70 Sealing
• 505.8(I): Added requirement that the type of detectionConduits and cables that are required to be sealed by 501.15,

equipment, its listing, installation location(s), alarm and502.15, and 505.16 shall be sealed to minimize the passage
shutdown criteria, and calibration frequency be docu-of gases, vapors, or dusts. Such seals shall not be required
mented when combustible gas detectors are used as ato be explosionproof or flameproof.
protection technique.

Exception: Seals shall not be required for enclosures that
• 505.9(C)(2):Added two exceptions for associated appara-contain only intrinsically safe apparatus, except as required

tus not suitable for hazardous locations and for markingby 501.15(F)(3).
of simple apparatus.

504.80 Identification • 505.9(E): Added exception for listed explosionproof and
flameproof equipment regarding the minimum number ofLabels required by this section shall be suitable for the
threads required to be engaged.environment where they are installed with consideration

given to exposure to chemicals and sunlight. • 505.15(C)(1)(b): Revised to require single conductor
Type MV cables to be shielded or metallic-armored.(A) Terminals Intrinsically safe circuits shall be identified

• 505.16(B)(1):Revised to require conduit seals within 2 in.at terminal and junction locations in a manner that will
of protection ‘‘d’’ or ‘‘e’’ enclosures, with two exceptionsprevent unintentional interference with the circuits during
(Nos. 2 and 3) for protection ‘‘e.’’testing and servicing.

• 505.18: Revised to require every conductor (including(B) Wiring Raceways, cable trays, and other wiring meth-
spares) entering type ‘‘e’’ equipment to be terminated atods for intrinsically safe system wiring shall be identified
a type ‘‘e’’ terminal.with permanently affixed labels with the wording ‘‘Intrinsic

• 505.19: Revised to provide guidance concerning protec-Safety Wiring’’ or equivalent. The labels shall be located
tion against explosion and against electric shock in orderso as to be visible after installation and placed so that they
to limit the voltage of exposed live parts.may be readily traced through the entire length of the installa-

tion. Intrinsic safety circuit labels shall appear in every sec-
tion of the wiring system that is separated by enclosures,

Contentswalls, partitions, or floors. Spacing between labels shall not
be more than 7.5 m (25 ft). 505.1 Scope

505.2 DefinitionsException: Circuits run underground shall be permitted to
505.3 Other Articlesbe identified where they become accessible after emergence
505.4 Generalfrom the ground.

(A) Documentation for Industrial Occupancies
FPN No. 1: Wiring methods permitted in unclassified (B) Reference Standards
locations may be used for intrinsically safe systems in

505.5 Classifications of Locationshazardous (classified) locations. Without labels to iden-
(A) Classification of Locationstify the application of the wiring, enforcement authorities

cannot determine that an installation is in compliance (B) Class I, Zone 0, 1, and 2 Locations
with this Code. 505.6 Material Groups
FPN No. 2: In unclassified locations, identification is (A) Group IIC
necessary to ensure that nonintrinsically safe wire will (B) Group IIB
not be inadvertently added to existing raceways at a later

(C) Group IIAdate.
505.7 Special Precaution

(C) Color Coding Color coding shall be permitted to iden- (A) Supervision of Work
tify intrinsically safe conductors where they are colored light
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505.2Article 505 — Class I, Zone 0, 1, and 2 Locations

505.1 Scope
(B) Dual Classification

This article covers the requirements for the zone classifica-(C) Reclassification Permitted
tion system as an alternative to the division classification(D) Solid Obstacles
system covered in Article 500 for electrical and electronic505.8 Protection Techniques
equipment and wiring for all voltages in Class I, Zone 0,(A) Flameproof ‘‘d’’
Zone 1, and Zone 2 hazardous (classified) locations where(B) Purged and Pressurized
fire or explosion hazards may exist due to flammable gases,(C) Intrinsic Safety
vapors, or liquids.(D) Type of Protection ‘‘n’’

(E) Oil Immersion ‘‘o’’ FPN: For the requirements for electrical and electronic
(F) Increased Safety ‘‘e’’ equipment and wiring for all voltages in Class I, Division

1 or Division 2; Class II, Division 1 or Division 2; and(G) Encapsulation ‘‘m’’
Class III, Division 1 or Division 2 hazardous (classified)(H) Powder Filling ‘‘q’’
locations where fire or explosion hazards may exist due(I) Combustible Gas Detection System
to flammable gases or vapors, flammable liquids, or com-

505.9 Equipment bustible dusts or fibers, refer to Articles 500 through
(A) Suitability 504.
(B) Listing
(C) Marking The requirements covering wiring methods, sealing, and
(D) Class I Temperature flexible cord use were added to Article 505 for the 2002
(E) Threading Code so that the Class I, Zone 0, Zone 1, and Zone 2

505.15 Wiring Methods area classification concept can be used as a separate set of
(A) Class I, Zone 0 requirements that parallel those in Articles 500 and 501
(B) Class I, Zone 1 covering installations in which the Class I, Division 1 and
(C) Class I, Zone 2 Division 2 area classification concept is used. The zone

505.16 Sealing and Drainage classification concept offers an alternative method of classi-
(A) Zone 0 fying Class I hazardous locations. The zone classification
(B) Zone 1 method is based on the standards for area classification used
(C) Zone 2 by the International Electrotechnical Commission (IEC).
(D) Class I, Zones 0, 1, and 2 The IEC classification scheme includes underground
(E) Drainage mines. In the United States, mines are under the jurisdiction

505.17 Flexible Cords, Class I, Zones 1 and 2 of the Mine Safety and Health Administration (MSHA) and
505.18 Conductors and Conductor Insulation are outside of the scope of the NEC.

(A) Conductors
(B) Conductor Insulation

505.19 Uninsulated Exposed Parts 505.2 Definitions
505.20 Equipment Requirements For purposes of this article, the following definitions apply.

(A) Zone 0
Combustible Gas Detection System. A protection tech-(B) Zone 1
nique utilizing stationary gas detectors in industrial estab-(C) Zone 2
lishments.(D) Manufacturer’s Instructions

505.21 Multiwire Branch Circuits Electrical and Electronic Equipment. Materials, fittings,
505.22 Increased Safety ‘‘e’’ Motors and Generators

devices, appliances, and the like that are part of, or in connec-
505.25 Grounding and Bonding

tion with, an electrical installation.
(A) Bonding
(B) Types of Equipment Grounding Conductors FPN: Portable or transportable equipment having self-

contained power supplies, such as battery-operated
equipment, could potentially become an ignition source
in hazardous (classified) locations.

FPN: Rules that are followed by a reference in brackets Encapsulation ‘‘m.’’ Type of protection where electricalcontain text that has been extracted from NFPA 497-
parts that could ignite an explosive atmosphere by either2004, Recommended Practice for the Classification of
sparking or heating are enclosed in a compound in such aFlammable Liquids, Gases, or Vapors and of Hazardous

(Classified) Locations for Electrical Installations in way that this explosive atmosphere cannot be ignited.
Chemical Process Areas. Only editorial changes were
made to the extracted text to make it consistent with this FPN: See ANSI/ISA 12.23.01-2002, Electrical Appara-

tus for Use in Class I, Zone 1 Hazardous (Classified)Code.
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505.3 Article 505 — Class I, Zone 0, 1, and 2 Locations

Locations, Type of Protection — Encapsulation ‘‘m’’; and Type of Protection — Oil-Immersion ‘‘o’’; and ANSI/UL
60079-6, Electrical apparatus for explosive gas atmo-ANSI/UL 60079–18, Electrical apparatus for explosive

gas atmospheres — Part 18: Encapsulation ‘‘m.’’ spheres — Part 6: Oil-immersion ‘‘o.’’

Powder Filling ‘‘q.’’ Type of protection where electricalFlameproof ‘‘d.’’ Type of protection where the enclosure
parts capable of igniting an explosive atmosphere are fixedwill withstand an internal explosion of a flammable mixture
in position and completely surrounded by filling materialthat has penetrated into the interior, without suffering dam-
(glass or quartz powder) to prevent the ignition of an externalage and without causing ignition, through any joints or struc-
explosive atmosphere.tural openings in the enclosure, of an external explosive gas

FPN: See ANSI/ISA-12.25.01-2002, Electrical Appara-atmosphere consisting of one or more of the gases or vapors
tus for Use in Class I, Zone 1 Hazardous (Classified)for which it is designed.
Locations Type of Protection — Powder Filling ‘‘q’’; and
ANSI/UL 60079-5, Electrical apparatus for explosiveFPN: See ANSI/ISA 12.22.01-2002, Electrical Appara-
gas atmospheres — Part 5: Powder filling ‘‘q.’’tus for Use in Class I, Zone 1 and 2 Hazardous (Classi-

fied) Locations, Type of Protection — Flameproof ‘‘d’’; Purged and Pressurized. Type of protection for electrical
and ANSI/UL 60079–1, Electrical apparatus for explo- equipment that uses the technique of guarding against thesive gas atmospheres — Part 1: Flameproof enclosures

ingress of the external atmosphere, which may be explosive,‘‘d.’’
into an enclosure by maintaining a protective gas therein at

Increased Safety ‘‘e.’’ Type of protection applied to electri- a pressure above that of the external atmosphere.
cal equipment that does not produce arcs or sparks in normal FPN No. 1: See NFPA 496-2003, Standard for Purged
service and under specified abnormal conditions, in which and Pressurized Enclosures for Electrical Equipment.
additional measures are applied so as to give increased secu- FPN No. 2: See IEC 60079-2-2000, Electrical Apparatus
rity against the possibility of excessive temperatures and of for Explosive Gas Atmospheres — Part 2: Electrical

Apparatus, Type of Protection ‘‘p’’; and IEC 60079-13-the occurrence of arcs and sparks.
1982, Electrical Apparatus for Explosive Gas Atmo-
spheres — Part 13: Construction and Use of Rooms orFPN: See ANSI/ISA — 12.16.01-2002, Electrical Appa-
Buildings Protected by Pressurization.ratus for Use in Class I, Zone 1 Hazardous (Classified)

Locations, Type of Protection — Increased Safety ‘‘e’’; Type of Protection ‘‘n.’’ Type of protection where electri-and ANSI/UL 60079-7, Electrical apparatus for explo-
cal equipment, in normal operation, is not capable of ignitingsive gas atmospheres — Part 7: Increased Safety ‘‘e.’’
a surrounding explosive gas atmosphere and a fault capable

Intrinsic Safety ‘‘i.’’ Type of protection where any spark of causing ignition is not likely to occur.
or thermal effect is incapable of causing ignition of a mixture FPN: See ANSI/UL 60079-15-2002, Electrical appara-
of flammable or combustible material in air under prescribed tus for explosive gas atmospheres — Part 15: Type of
test conditions. protection ‘‘n’’; and ANSI/ISA 12.12.02-2003, Electrical

apparatus for use in Class I, Zone 2 Hazardous (Classi-
FPN No. 1: See ANSI/UL 913-1997, Intrinsically Safe fied) Locations: Type of protection ‘‘n.’’
Apparatus and Associated Apparatus for Use in Class I,

Unclassified Locations. Locations determined to be neitherII, and III, Hazardous Locations; ISA 12.02.01-1999,
Class I, Division 1; Class I, Division 2; Class I, Zone 0;Electrical Apparatus for Use in Class I, Zones 0, 1 and

2 Hazardous (Classified) Locations — Intrinsic Safety Class I, Zone 1; Class I, Zone 2; Class II, Division 1; Class
‘‘i’’; and ANSI/UL 60079-11, Electrical apparatus for II, Division 2; Class III, Division 1; Class III, Division 2;
explosive gas atmospheres — Part II: Intrinsic safety or any combination thereof.
‘‘i.’’
FPN No. 2: Intrinsic safety is designated type of protec- 505.3 Other Articles
tion ‘‘ia’’ for use in Zone 0 locations. Intrinsic safety is

All other applicable rules contained in this Code shall applydesignated type of protection ‘‘ib’’ for use in Zone 1
to electrical equipment and wiring installed in hazardouslocations.
(classified) locations.FPN No. 3: Intrinsically safe associated apparatus, desig-

nated by [ia] or [ib], is connected to intrinsically safe
apparatus (‘‘ia’’ or ‘‘ib,’’ respectively) but is located out- See the commentary following 500.3 for more informationside the hazardous (classified) location unless also pro-

on other applicable Code requirements that apply to electri-tected by another type of protection (such as flameproof).
cal equipment and wiring.

Oil Immersion ‘‘o.’’ Type of protection where electrical
equipment is immersed in a protective liquid in such a way

Exception: As modified by Article 504 and this article.that an explosive atmosphere that may be above the liquid
or outside the enclosure cannot be ignited. 505.4 General

(A) Documentation for Industrial Occupancies All areasFPN: See ISA 12.26.01-1998, Electrical Apparatus for
Use in Class I, Zone 1 Hazardous (Classified) Locations, in industrial occupancies designated as hazardous (classi-
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505.5Article 505 — Class I, Zone 0, 1, and 2 Locations

leum Facilities for Unclassified and Class I, Zone 0,fied) locations shall be properly documented. This documen-
Zone 1, and Zone 2 Locations.tation shall be available to those authorized to design, install,
FPN No. 6: For further information on the installationinspect, maintain, or operate electrical equipment at the loca-
of electrical equipment in hazardous (classified) locations

tion. in general, see IEC 60079-14-1996, Electrical Apparatus
for Explosive Gas Atmospheres — Part 14: ElectricalFPN: For examples of area classification drawings, see
Installations in Explosive Gas Atmospheres (Other ThanANSI/API RP 505-1997, Recommended Practice for
Mines), and IEC 60079-16-1990, Electrical ApparatusClassification of Locations for Electrical Installations at
for Explosive Gas Atmospheres — Part 16: ArtificialPetroleum Facilities Classified as Class I, Zone 0, Zone
Ventilation for the Protection of Analyzer(s) Houses.1, or Zone 2; ISA RP12.24.01-1998, Recommended Prac-
FPN No. 7: For further information on application oftice for Classification of Locations for Electrical Installa-
electrical equipment in hazardous (classified) locationstions Classified as Class I, Zone 0, Zone 1, or Zone 2;
in general, see ANSI/ISA 12.00.01-2002, Electrical Ap-IEC 60079-10-1995, Electrical Apparatus for Explosive
paratus for Use in Class I, Zones 0 and 1, HazardousGas Atmospheres, Classification of Hazardous Areas;
(Classified) Locations: General Requirements; ISAand Model Code of Safe Practice in the Petroleum Indus-
12.01.01-1999, Definitions and Information Pertainingtry, Part 15: Area Classification Code for Petroleum
to Electrical Apparatus in Hazardous (Classified) Loca-Installations, IP 15, The Institute of Petroleum, London.
tions; and ANSI/UL 60079-0, Electrical apparatus for
explosive gas atmospheres — Part 0: General require-(B) Reference Standards Important information relating
ments.to topics covered in Chapter 5 may be found in other publica-

tions.
505.5 Classifications of Locations

FPN No. 1: It is important that the authority having (A) Classification of Locations Locations shall be classi-
jurisdiction be familiar with recorded industrial experi-

fied depending on the properties of the flammable vapors,ence as well as with standards of the National Fire Protec-
liquids, or gases that may be present and the likelihood thattion Association (NFPA), the American Petroleum
a flammable or combustible concentration or quantity isInstitute (API), the Instrumentation, Systems, and Auto-

mation Society (ISA), and the International Electrotech- present. Where pyrophoric materials are the only materials
nical Commission (IEC) that may be of use in the used or handled, these locations shall not be classified. Each
classification of various locations, the determination of

room, section, or area shall be considered individually inadequate ventilation, and the protection against static
determining its classification.electricity and lightning hazards.

FPN No. 2: For further information on the classification FPN No. 1: See 505.7 for restrictions on area classifica-
of locations, see ANSI/API RP 505-1997, Recommended tion.
Practice for Classification of Locations for Electrical

FPN No. 2: Through the exercise of ingenuity in theInstallations at Petroleum Facilities Classified as Class
layout of electrical installations for hazardous (classified)I, Zone 0, Zone 1, or Zone 2; ISA RP 12.24.01-1998,
locations, it is frequently possible to locate much of theRecommended Practice for Classification of Locations
equipment in reduced level of classification or in anfor Electrical Installations Classified as Class I, Zone
unclassified location and, thus, to reduce the amount of0, Zone 1, or Zone 2; IEC 60079-10-1995, Electrical
special equipment required.Apparatus for Explosive Gas Atmospheres, Classification

of Hazardous Areas; and Model Code of Safe Practice
in the Petroleum Industry, Part 15: Area Classification Rooms and areas containing ammonia refrigeration sys-
Code for Petroleum Installations, IP 15, The Institute of tems that are equipped with adequate mechanical ventilation
Petroleum, London. may be classified as ‘‘unclassified’’ locations.
FPN No. 3: For further information on protection against
static electricity and lightning hazards in hazardous (clas- FPN: For further information regarding classification
sified) locations, see NFPA 77-2000, Recommended and ventilation of areas involving ammonia, see ANSI/
Practice on Static Electricity; NFPA 780-2004, Standard ASHRAE 15-1994, Safety Code for Mechanical Re-
for the Installation of Lightning Protection Systems; and frigeration; and ANSI/CGA G2.1-1989 (14-39), Safety
API RP 2003-1998, Protection Against Ignitions Arising Requirements for the Storage and Handling of Anhydrous
Out of Static Lightning and Stray Currents. Ammonia.
FPN No. 4: For further information on ventilation, see

(B) Class I, Zone 0, 1, and 2 Locations Class I, Zone 0,NFPA 30-2003, Flammable and Combustible Liquids
Code, and ANSI/API RP 505-1997, Recommended Prac- 1, and 2 locations are those in which flammable gases or
tice for Classification of Locations for Electrical Installa- vapors are or may be present in the air in quantities sufficient
tions at Petroleum Facilities Classified as Class I, Zone to produce explosive or ignitible mixtures. Class I, Zone 0,0, Zone 1, or Zone 2.

1, and 2 locations shall include those specified in 505(B)(1),FPN No. 5: For further information on electrical systems
(B)(2), and (B)(3).for hazardous (classified) locations on offshore oil and

gas producing platforms, see ANSI/API RP 14FZ-2000,
(1) Class I, Zone 0 A Class I, Zone 0 location is a locationRecommended Practice for Design and Installation of

Electrical Systems for Fixed and Floating Offshore Petro- in which
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505.5 Article 505 — Class I, Zone 0, 1, and 2 Locations

FPN No. 1: Normal operation is considered the situation(1) Ignitible concentrations of flammable gases or vapors
when plant equipment is operating within its design pa-are present continuously, or
rameters. Minor releases of flammable material may be

(2) Ignitible concentrations of flammable gases or vapors part of normal operations. Minor releases include the
are present for long periods of time. releases from mechanical packings on pumps. Failures

that involve repair or shutdown (such as the breakdown
FPN No. 1: As a guide in determining when flammable of pump seals and flange gaskets, and spillage caused
gases or vapors are present continuously or for long by accidents) are not considered normal operation.
periods of time, refer to ANSI/API RP 505-1997, Recom-

FPN No. 2: This classification usually includes locationsmended Practice for Classification of Locations for Elec-
where volatile flammable liquids or liquefied flammabletrical Installations of Petroleum Facilities Classified as
gases are transferred from one container to another. InClass I, Zone 0, Zone 1 or Zone 2; ISA 12.24.01-1998,
areas in the vicinity of spraying and painting operationsRecommended Practice for Classification of Locations
where flammable solvents are used; adequately ventilatedfor Electrical Installations Classified as Class I, Zone
drying rooms or compartments for evaporation of flam-0, Zone 1, or Zone 2; IEC 60079-10-1995, Electrical
mable solvents; adequately ventilated locations con-Apparatus for Explosive Gas Atmospheres, Classifica-
taining fat and oil extraction equipment using volatiletions of Hazardous Areas; and Area Classification Code
flammable solvents; portions of cleaning and dyeingfor Petroleum Installations, Model Code, Part 15, Insti-
plants where volatile flammable liquids are used; ade-tute of Petroleum.
quately ventilated gas generator rooms and other portions

FPN No. 2: This classification includes locations inside of gas manufacturing plants where flammable gas may
vented tanks or vessels that contain volatile flammable escape; inadequately ventilated pump rooms for flamma-
liquids; inside inadequately vented spraying or coating ble gas or for volatile flammable liquids; the interiors of
enclosures, where volatile flammable solvents are used; refrigerators and freezers in which volatile flammable
between the inner and outer roof sections of a floating materials are stored in the open, lightly stoppered, or
roof tank containing volatile flammable liquids; inside in easily ruptured containers; and other locations where
open vessels, tanks and pits containing volatile flamma- ignitible concentrations of flammable vapors or gases are
ble liquids; the interior of an exhaust duct that is used likely to occur in the course of normal operation but not
to vent ignitible concentrations of gases or vapors; and classified Zone 0.
inside inadequately ventilated enclosures that contain
normally venting instruments utilizing or analyzing flam- (3) Class I, Zone 2 A Class I, Zone 2 location is a location
mable fluids and venting to the inside of the enclosures.
FPN No. 3: It is not good practice to install electrical (1) In which ignitible concentrations of flammable gases
equipment in Zone 0 locations except when the equip- or vapors are not likely to occur in normal operation
ment is essential to the process or when other locations and, if they do occur, will exist only for a short period;
are not feasible. [See 505.5(A) FPN No. 2.] If it is neces-

orsary to install electrical systems in a Zone 0 location, it
(2) In which volatile flammable liquids, flammable gases,is good practice to install intrinsically safe systems as

described by Article 504. or flammable vapors are handled, processed, or used
but in which the liquids, gases, or vapors normally are

(2) Class I, Zone 1 A Class I, Zone 1 location is a location confined within closed containers of closed systems
from which they can escape, only as a result of acciden-(1) In which ignitible concentrations of flammable gases
tal rupture or breakdown of the containers or system,or vapors are likely to exist under normal operating
or as a result of the abnormal operation of the equipmentconditions; or
with which the liquids or gases are handled, processed,(2) In which ignitible concentrations of flammable gases
or used; oror vapors may exist frequently because of repair or

(3) In which ignitible concentrations of flammable gasesmaintenance operations or because of leakage; or
or vapors normally are prevented by positive mechanical(3) In which equipment is operated or processes are carried
ventilation but which may become hazardous as a resulton, of such a nature that equipment breakdown or faulty
of failure or abnormal operation of the ventilation equip-operations could result in the release of ignitible concen-
ment; ortrations of flammable gases or vapors and also cause

(4) That is adjacent to a Class I, Zone 1 location, fromsimultaneous failure of electrical equipment in a mode
which ignitible concentrations of flammable gases orto cause the electrical equipment to become a source
vapors could be communicated, unless such communi-of ignition; or
cation is prevented by adequate positive-pressure venti-(4) That is adjacent to a Class I, Zone 0 location from which
lation from a source of clean air and effective safeguardsignitible concentrations of vapors could be communi-
against ventilation failure are provided.cated, unless communication is prevented by adequate

positive pressure ventilation from a source of clean air FPN: The Zone 2 classification usually includes loca-
and effective safeguards against ventilation failure are tions where volatile flammable liquids or flammable

gases or vapors are used but which would become hazard-provided.
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505.7Article 505 — Class I, Zone 0, 1, and 2 Locations

ous only in case of an accident or of some unusual op- Use in Class I, II, III, Division 1, Hazardous (Classified)
erating condition. Locations, because it is a factor that must be considered in

the evaluation of intrinsically safe apparatus.
505.6 Material Groups
For purposes of testing, approval, and area classification,

Class I, Zone 0, 1, and 2, groups shall be as follows:various air mixtures (not oxygen enriched) shall be grouped
as required in 505.6(A), (B), and (C).

(A) Group IIC Atmospheres containing acetylene, hydro-
FPN: Group I is intended for use in describing atmo- gen, or flammable gas, flammable liquid-produced vapor,
spheres that contain firedamp (a mixture of gases, com- or combustible liquid-produced vapor mixed with air that
posed mostly of methane, found underground, usually in may burn or explode, having either a maximum experimental
mines). This Code does not apply to installations under-

safe gap (MESG) value less than or equal to 0.50 mm orground in mines. See 90.2(B).
minimum igniting current ratio (MIC ratio) less than or equal
to 0.45. [NFPA 497:3.3]Group II shall be subdivided into IIC, IIB, and IIA, as

noted in 505.6(A), (B), and (C), according to the nature of FPN: Group IIC is equivalent to a combination of Class
the gas or vapor, for protection techniques ‘‘d,’’ ‘‘ia,’’ ‘‘ib,’’ I, Group A, and Class I, Group B, as described in

500.6(A)(1) and 500.6(A)(2).‘‘[ia],’’ and ‘‘[ib],’’ and, where applicable, ‘‘n’’ and ‘‘o.’’

FPN No. 1: The gas and vapor subdivision as described (B) Group IIB Atmospheres containing acetaldehyde, eth-
above is based on the maximum experimental safe gap ylene, or flammable gas, flammable liquid-produced vapor,
(MESG), minimum igniting current (MIC), or both. Test or combustible liquid-produced vapor mixed with air that
equipment for determining the MESG is described in IEC

may burn or explode, having either maximum experimental60079-1A-1975, Amendment No. 1 (1993), Construction
safe gap (MESG) values greater than 0.50 mm and less thanand Verification Tests of Flameproof Enclosures of Elec-

trical Apparatus; and UL Technical Report No. 58 (1993). or equal to 0.90 mm or minimum igniting current ratio (MIC
The test equipment for determining MIC is described in ratio) greater than 0.45 and less than or equal to 0.80. [NFPA
IEC 60079-11-1999, Electrical Apparatus for Explosive 497:3.3]
Gas Atmospheres — Part 11: Intrinsic Safety ‘‘i.’’ The
classification of gases or vapors according to their maxi- FPN: Group IIB is equivalent to Class I, Group C, as
mum experimental safe gaps and minimum igniting cur- described in 500.6(A)(3).
rents is described in IEC 60079-12-1978, Classification
of Mixtures of Gases or Vapours with Air According to (C) Group IIA Atmospheres containing acetone, ammo-
Their Maximum Experimental Safe Gaps and Minimum

nia, ethyl alcohol, gasoline, methane, propane, or flammableIgniting Currents.
gas, flammable liquid-produced vapor, or combustible liq-FPN No. 2: Verification of electrical equipment utilizing
uid-produced vapor mixed with air that may burn or explode,protection techniques ‘‘e,’’ ‘‘m,’’ ‘‘p,’’ and ‘‘q,’’ due to

design technique, does not require tests involving MESG having either a maximum experiment safe gap (MESG)
or MIC. Therefore, Group II is not required to be subdi- value greater than 0.90 mm or minimum igniting current
vided for these protection techniques. ratio (MIC ratio) greater than 0.80. [NFPA 497:3.3]
FPN No. 3: It is necessary that the meanings of the
different equipment markings and Group II classifica- FPN: Group IIA is equivalent to Class I, Group D as
tions be carefully observed to avoid confusion with Class described in 500.6(A)(4).
I, Divisions 1 and 2, Groups A, B, C, and D.

505.7 Special Precaution
In the zone classification system, the gas or vapor group

Article 505 requires equipment construction and installation
order is the approximate inverse of the gas or vapor groups

that ensures safe performance under conditions of proper
specified in Article 500. For example, Group IIC includes

use and maintenance.
Article 500, Groups A and B. Determination of a gas or
vapor for the purposes of grouping includes the evaluation FPN No. 1: It is important that inspection authorities

and users exercise more than ordinary care with regardof the maximum safe experimental gap ratio as well as
to the installation and maintenance of electrical equip-minimum igniting current ratio. Although the maximum safe
ment in hazardous (classified) locations.experimental gap for Group A is less than that for Group
FPN No. 2: Low ambient conditions require special con-B in some circumstances, the minimum igniting current ratio sideration. Electrical equipment depending on the protec-

is less for hydrogen (Group B) than it is for acetylene (Group tion techniques described by 505.8(A) may not be
A). This difference has been accounted for in ANSI/UL 913, suitable for use at temperatures lower than �20�C

(�4�F) unless they are identified for use at lower temper-Intrinsically Safe Apparatus and Associated Apparatus for
atures. However, at low ambient temperatures, flammable
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505.8 Article 505 — Class I, Zone 0, 1, and 2 Locations

concentrations of vapors may not exist in a location clas- pipes, or other electrical equipment) unless the equipment
sified Class I, Zones 0, 1, or 2 at normal ambient tempera- is listed for a smaller distance of separation.
ture.

505.8 Protection Techniques(A) Supervision ofWork Classification of areas and selec-
Acceptable protection techniques for electrical and elec-tion of equipment and wiring methods shall be under the
tronic equipment in hazardous (classified) locations shall besupervision of a qualified Registered Professional Engineer.
as described in 505.8(A) through 505.8(I).

Note that 505.7(A) requires area classification, wiring, and FPN: For additional information, see ANSI/ISA
12.00.01-2002, Electrical Apparatus for Use in Class I,equipment selection to be under the supervision of a qualified
Zones 0 and 1 Hazardous (Classified) Locations, GeneralRegistered Professional Engineer for installations in Class
Requirements; ANSI/ISA 12.01.01-2002, Definitions andI, Zone 0, 1, and 2 locations.
Information Pertaining to Electrical Apparatus in Haz-
ardous (Classified) Locations; and ANSI/UL 60079–0,
Electrical apparatus for explosive gas atmospheres —
Part 0: General requirements.(B) Dual Classification In instances of areas within the

same facility classified separately, Class I, Zone 2 locations
shall be permitted to abut, but not overlap, Class I, Division Where the area is classified in accordance with the zone
2 locations. Class I, Zone 0 or Zone 1 locations shall not method, electrical and electronic equipment may be pro-
abut Class I, Division 1 or Division 2 locations. tected by the following methods:

1. In Class I, Zone 1, equipment approved as flameproof
An installation is permitted to be designed using either the ‘‘d,’’ which is very similar to explosionproof equipment
classification scheme of Article 500 or the classification in the United States
scheme of Article 505. Both schemes cannot be used for 2. Purged and pressurized equipment for Class I, Zone 1
classifying the same area. In areas within the same facility, or Zone 2 locations for which it is approved
Class I, Zone 2 locations are allowed to be adjacent to and 3. Intrinsic safety techniques for the Class I, Zone 0, Zone
share the same border, but not overlap Class I, Division 2 1, or Zone 2 for which the technique is listed
locations. However, Class I, Zone 0 or Zone 1 locations are 4. In Class I, Zone 2, equipment approved as type ‘‘n,’’
not allowed to be adjacent to and share the same border which under normal operation is not capable of igniting
with Class I, Division 1 or Division 2 locations. a surrounding explosive gas atmosphere and is not likely

to create a fault that is capable of causing ignition
5. Oil immersion ‘‘o’’ technique for Class I, Zone 1 or

(C) Reclassification Permitted A Class I, Division 1 or Zone 2, where the equipment or part of the equipment
Division 2 location shall be permitted to be reclassified as is immersed in a protective liquid so that explosive
a Class I, Zone 0, Zone 1, or Zone 2 location, provided all gases above or outside the enclosure cannot be ignited
of the space that is classified because of a single flammable 6. A type of protection technique of increased safety ‘‘e’’
gas or vapor source is reclassified under the requirements approved for Class I, Zone 1 or Zone 2, in which the
of this article. electrical equipment involved does not produce arcs or

sparks or excessive temperature under normal operation,
(D) Solid Obstacles Flameproof equipment with flanged as well as under abnormal conditions, under specified
joints shall not be installed such that the flange openings conditions of operation
are closer than the distances shown in Table 505.7(D) to 7. Encapsulation ‘‘m’’ technique in which the arcing,
any solid obstacle that is not a part of the equipment (such sparking, or hot parts are completely surrounded in a
as steelworks, walls, weather guards, mounting brackets, compound in such a way that an explosive gas or vapor

cannot be ignited in a Class I, Zone 1 or Zone 2 area
8. A technique using powder filling ‘‘q’’ in which the

Table 505.7(D) Minimum Distance of Obstructions from arcing, sparking, or hot parts of the equipment are sur-Flameproof ‘‘d’’ Flange Openings
rounded by a material such as glass or quartz powder
to prevent ignition of an external explosive atmosphereMinimum Distance
in a Class I, Zone 1 or Zone 2 area

Gas Group mm in.

The letter in quotation marks following the protection
IIC 40 137⁄64 method is the letter used in the marking on the equipment.IIB 30 13⁄16

See 505.9(C) for marking requirements.IIA 10 25⁄64
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505.8Article 505 — Class I, Zone 0, 1, and 2 Locations

(D) Type of Protection ‘‘n’’ This protection techniqueOf the many protection techniques, intrinsic safety,
flameproof, and increased safety are the most common for shall be permitted for equipment in Class I, Zone 2 locations.

Type of protection ‘‘n’’ is further subdivided into nA, nC,Zone 1 locations.
and nR.

FPN: See Table 505.9(C)(2)(4) for the descriptions of(A) Flameproof ‘‘d’’ This protection technique shall be
subdivisions for type of protection ‘‘n’’.

permitted for equipment in Class I, Zone 1 or Zone 2 loca-
tions. (E) Oil Immersion ‘‘o’’ This protection technique shall

be permitted for equipment in Class I, Zone 1 or Zone 2
Flameproof protection is commonly combined with in- locations.
creased safety protection. For example, motor control and

(F) Increased Safety ‘‘e’’ This protection technique shallother switching contacts are commonly protected by flame-
be permitted for equipment in Class I, Zone 1 or Zone 2proof enclosures with the field wiring terminals protected
locations.in a separate but attached enclosure by increased safety.

The conductors between the enclosures are protected by
flameproof feed-through insulators. The equipment shown The increased safety protection technique is commonly used
in Exhibit 505.1 is an example of where this combination for motors and generators (see 505.22) and fluorescent lumi-
of protection techniques is employed. naires. It is also used for terminal boxes.

(G) Encapsulation ‘‘m’’ This protection technique shall
be permitted for equipment in Class I, Zone 1 or Zone 2
locations.

(H) Powder Filling ‘‘q’’ This protection technique shall
be permitted for equipment in Class I, Zone 1 or Zone 2
locations.

(I) Combustible Gas Detection System A combustible
gas detection system shall be permitted as a means of protec-
tion in industrial establishments with restricted public access
and where the conditions of maintenance and supervision
ensure that only qualified persons service the installation.
Gas detection equipment shall be listed for detection of the
specific gas or vapor to be encountered. Where such a system
is installed, equipment specified in 505.8(I)(1), I(2), or I(3)

Exhibit 505.1 Typical control stations with the combination of shall be permitted. The type of detection equipment, its
flameproof and increased safety types of protection suitable for listing, installation location(s), alarm and shutdown criteria,
use in Class I, Zone 1 areas. (Courtesy of Cooper Crouse-Hinds)

and calibration frequency shall be documented when com-
bustible gas detectors are used as a protection technique.

(B) Purged and Pressurized This protection technique FPN No. 1: For further information, see ANSI/ISA-
shall be permitted for equipment in those Class I, Zone 1 12.13.01, Performance Requirements, Combustible Gas

Detectors.or Zone 2 locations for which it is identified.
FPN No. 2: For further information, see ANSI/API RP
505, Recommended Practice for Classification of Loca-(C) Intrinsic Safety This protection technique shall be per-
tions for Electrical Installations at Petroleum Facilitiesmitted for apparatus and associated apparatus in Class I,
Classified as Class I, Zone 0, Zone 1, and Zone 2.Zone 0, Zone 1, or Zone 2 locations for which it is listed.
FPN No. 3: For further information, see ISA-
RP12.13.02, Installation, Operation, and Maintenance
of Combustible Gas Detection Instruments.The identifying letter for intrinsic safety is ‘‘i’’ followed by

either ‘‘a’’ or ‘‘b,’’ identifying whether the equipment is
(1) Inadequate Ventilation In a Class I, Zone 1 locationsuitable for Zone 0 (ia) or Zone 1 (ib). The associated appara-
that is so classified due to inadequate ventilation, electricaltus is identified by the same letters in brackets, that is, [ia]
equipment suitable for Class I, Zone 2 locations shall beor [ib].
permitted.
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505.9 Article 505 — Class I, Zone 0, 1, and 2 Locations

(2) Interior of a Building In a building located in, or with (3) Temperature classification in accordance with
505.9(D)(1)an opening into, a Class I, Zone 2 location where the interior

does not contain a source of flammable gas or vapor, electri- (2) Zone Equipment Equipment meeting one or more of
cal equipment for unclassified locations shall be permitted. the protection techniques described in 505.8 shall be marked

with all of the following in the order shown:(3) Interior of a Control Panel In the interior of a control
panel containing instrumentation utilizing or measuring (1) Class
flammable liquids, gases, or vapors, electrical equipment (2) Zone
suitable for Class I, Zone 2 locations shall be permitted. (3) Symbol ‘‘AEx’’

(4) Protection technique(s) in accordance with Table
505.9 Equipment 505.9(C)(2)(4)

(5) Applicable gas classification group(s) in accordance(A) Suitability Suitability of identified equipment shall be
with Table 505.9(C)determined by one of the following:

(6) Temperature classification in accordance with
(1) Equipment listing or labeling 505.9(D)(1)
(2) Evidence of equipment evaluation from a qualified test-

ing laboratory or inspection agency concerned with
The symbol AEx identifies the equipment as meeting Ameri-product evaluation
can standards. In European Common Market countries, the(3) Evidence acceptable to the authority having jurisdiction
symbol is EEx. In the IEC standards, on which Americansuch as a manufacturer’s self-evaluation or an owner’s
and European standards are based, the symbol is Ex.engineering judgment

(B) Listing
Exception No. 1: Associated apparatus NOT suitable for

(1) Equipment that is listed for a Zone 0 location shall be installation in a hazardous (classified) locations shall be
permitted in a Zone 1 or Zone 2 location of the same required to be marked only with (3), (4), and (5), but BOTH
gas or vapor, provided that it is installed in accordance the symbol AEx (3) and the symbol for the type of protection
with the requirements for the marked type of protection. (4) shall be enclosed within the same square brackets, for
Equipment that is listed for a Zone 1 location shall be example, [AEx ia] IIC.
permitted in a Zone 2 location of the same gas or vapor, Exception No. 2: Simple apparatus as defined in 504.2 shall
provided that it is installed in accordance with the re- not be required to have a marked operating temperature or
quirements for the marked type of protection. temperature class.

(2) Equipment shall be permitted to be listed for a specific
Electrical equipment of types of protection ‘‘e,’’ ‘‘m,’’gas or vapor, specific mixtures of gases or vapors, or

‘‘p,’’ or ‘‘q’’ shall be marked Group II. Electrical equipmentany specific combination of gases or vapors.

FPN: One common example is equipment marked for
‘‘IIB. � H2.’’ Table 505.9(C)(2)(4) Types of Protection Designation

(C) Marking Equipment shall be marked in accordance
Designation Technique Zone*with 505.9(C)(1) or (C)(2).

d Flameproof enclosure 1(1) Division Equipment Equipment identified for Class I,
e Increased safety 1Division 1 or Class I, Division 2 shall, in addition to being ia Intrinsic safety 0

marked in accordance with 500.8(B), be permitted to be ib Intrinsic safety 1
marked with all of the following: [ia] Associated apparatus Unclassified

[ib] Associated apparatus Unclassified(1) Class I, Zone 1 or Class I, Zone 2 (as applicable)
m Encapsulation 1(2) Applicable gas classification group(s) in accordance
nA Nonsparking equipment 2

with Table 505.9(C) nC Sparking equipment in which the 2
contacts are suitably protected
other than by restricted breathingTable 505.9(C) Gas Classification Groups
enclosure

nR Restricted breathing enclosure 2Gas Group Comment
o Oil immersion 1
p Purged and pressurized 1 or 2IIC See 505.6(A)(1)
q Powder filled 1IIB See 505.6(A)(2)

IIA See 505.6(A)(3)
*Does not address use where a combination of techniques is used.
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505.9Article 505 — Class I, Zone 0, 1, and 2 Locations

Table 505.9(D)(1) Classification of Maximum Surfaceof types of protection ‘‘d,’’ ‘‘ia,’’ ‘‘ib,’’ ‘‘[ia],’’ or ‘‘[ib]’’
Temperature for Group II Electrical Equipmentshall be marked Group IIA, IIB, or IIC, or for a specific

gas or vapor. Electrical equipment of types of protection
Temperature Maximum Surface

‘‘n’’ shall be marked Group II unless it contains enclosed- Class (T Code) Temperature (�C)
break devices, nonincendive components, or energy-limited
equipment or circuits, in which case it shall be marked T1 �450

T2 �300Group IIA, IIB, or IIC, or a specific gas or vapor. Electrical
T3 �200equipment of other types of protection shall be marked
T4 �135Group II unless the type of protection utilized by the equip- T5 �100

ment requires that it be marked Group IIA, IIB, or IIC, or T6 �85
a specific gas or vapor.

FPN No. 1: An example of the required marking for Electrical equipment designed for use in the ambient
intrinsically safe apparatus for installation in Class I, temperature range between �20�C and �40�C shall requireZone 0 is ‘‘Class I, Zone 0, AEx ia IIC T6.’’ An explana-

no additional ambient temperature marking.tion of the marking that is required is shown in FPN
Electrical equipment that is designed for use in a rangeFigure 505.9(C)(2).

of ambient temperatures other than �20�C and �40�C is
considered to be special; and the ambient temperature range
shall then be marked on the equipment, including either the
symbol ‘‘Ta’’ or ‘‘Tamb’’ together with the special range of
ambient temperatures. As an example, such a marking might
be ‘‘�30�C � Ta � �40�C.’’

Electrical equipment suitable for ambient temperatures
exceeding 40�C (104�F) shall be marked with both the maxi-
mum ambient temperature and the operating temperature or
temperature class at that ambient temperature.

Area classification

Symbol for equipment built to American 
standards

Type(s) of protection designation

Gas classification group (not required for protection
techniques indicated in 505.6, FPN No. 2)

Temperature classification

Example: Class I Zone 0 AEx ia IIC T6

Exception No. 1: Equipment of the non–heat-producing
type, such as conduit fittings, and equipment of the heat-FPN Figure 505.9(C)(2) Zone Equipment Marking
producing type having a maximum temperature of not more
than 100�C (212�F) shall not be required to have a marked

FPN No. 2: An example of the required marking for operating temperature or temperature class.intrinsically safe associated apparatus mounted in a
Exception No. 2: Equipment identified for Class I, Divisionflameproof enclosure for installation in Class I, Zone 1

is ‘‘Class I, Zone 1 AEx d[ia] IIC T4.’’ 1 or Division 2 locations as permitted by 505.20(B) and
FPN No. 3: An example of the required marking for 505.20(D) shall be permitted to be marked in accordance
intrinsically safe associated apparatus NOT for installa- with 500.8(B) and Table 500.8(B).
tion in a hazardous (classified) location is ‘‘[AEx ia]
IIC.’’ (E) Threading All NPT threaded conduit and fittings re-

ferred to herein shall be threaded with a National (American)
(D) Class I Temperature The temperature marking speci- Standard Pipe Taper (NPT) thread that provides a taper of
fied below shall not exceed the ignition temperature of the 1 in 16 (3⁄4-in. taper per foot). Conduit and fittings shall be
specific gas or vapor to be encountered. made wrenchtight to prevent sparking when fault current

flows through the conduit system, and to ensure the explo-FPN: For information regarding ignition temperatures
sionproof or flameproof integrity of the conduit systemof gases and vapors, see NFPA 497-2004, Recommended

Practice for the Classification of Flammable Liquids, where applicable. Equipment provided with threaded entries
Gases, or Vapors and of Hazardous (Classified) Loca- for field wiring connections shall be installed in accordance
tions for Electrical Installations in Chemical Process with 505.9(E)(1) or 505.9(E)(2). Threaded entries into explo-
Areas; and IEC 60079-20-1996, Electrical Apparatus for

sionproof or flameproof equipment shall be made up withExplosive Gas Atmospheres, Data for Flammable Gases
at least five threads fully engaged.and Vapours, Relating to the Use of Electrical Apparatus.

Exception: For listed explosionproof or flameproof equip-
(1) Temperature Classifications Equipment shall be

ment, factory threaded NPT entries shall be made up with
marked to show the operating temperature or temperature

at least 41⁄2 threads fully engaged.
class referenced to a 40�C (104�F) ambient. The temperature
class, if provided, shall be indicated using the temperature (1) Equipment Provided with Threaded Entries for NPT

Threaded Conduit or Fittings For equipment providedclass (T Code) shown in Table 505.9(D)(1).
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505.15 Article 505 — Class I, Zone 0, 1, and 2 Locations

(A) Class I, Zone 0 In Class I, Zone 0 locations, onlywith threaded entries for NPT threaded conduit or fittings,
listed conduit fittings or cable fittings shall be used. intrinsically safe wiring methods in accordance with Article

504 shall be permitted.FPN: Thread form specifications for NPT threads are
located in ANSI/ASME B1.20.1-1983, Pipe Threads,

FPN: Article 504 only includes protection techniqueGeneral Purpose (Inch).
‘‘ia.’’

(2) Equipment Provided with Threaded Entries forMet-
ric ThreadedConduit or Fittings For equipment with met- The provision in 505.15(A) is one of the most significant
ric threaded entries, such entries shall be identified as being differences between the zone and division area classification
metric, or listed adapters to permit connection to conduit or requirements. The degree of hazard within a Zone 0 area is
NPT-threaded fittings shall be provided with the equipment. considered so severe that all wiring is this area must be
Adapters shall be used for connection to conduit or NPT- intrinsically safe. In general, only instrumentation and sig-
threaded fittings. Listed cable fittings that have metric naling circuits installed in accordance with Article 504 can
threads shall be permitted to be used. be used in a Zone 0 area. Explosionproof power utilization

equipment, such as motors and luminaires, is not permitted
in Class I, Zone 0 locations.See the commentary on 500.8(D)(2) FPN for information

on metric threads. Exhibit 505.2 is an example of an adapter
that provides a means of connecting conduit or fitting with

(B) Class I, Zone 1NPT threads to an ‘‘increased safety’’ enclosure that has
metric threads. (1) General In Class I, Zone 1 locations, the wiring meth-

ods in (B)(1)(a) through (B)(1)(f) shall be permitted.

(a) All wiring methods permitted by 505.15(A).

(b) In industrial establishments with restricted public
access, where the conditions of maintenance and supervision
ensure that only qualified persons service the installation,
and where the cable is not subject to physical damage, Type
MC-HL cable listed for use in Class I, Zone 1 or Division
1 locations, with a gas/vaportight continuous corrugated me-
tallic sheath, an overall jacket of suitable polymeric material,
separate grounding conductors in accordance with 250.122,
and provided with termination fittings listed for the applica-
tion.

FPN: See 330.12 for restrictions on use of Type MC
cable.

(c) In industrial establishments with restricted public
access, where the conditions of maintenance and supervision
ensure that only qualified persons service the installation,
and where the cable is not subject to physical damage, Type
ITC-HL cable, listed for use in Class I, Zone 1 or Division
1 locations, with a gas/vaportight continuous corrugated me-
tallic sheath, an overall jacket of suitable polymeric material
and provided with termination fittings listed for the applica-Exhibit 505.2 A typical hub providing an NPT threaded entry

for conduit or cable into an increased safety enclosure. (Courtesy tion.
of Cooper Crouse-Hinds) (d) Type MI cable with termination fittings listed for

Class I, Zone 1 or Division 1 locations. Type MI cable shall
be installed and supported in a manner to avoid tensile stressFPN: Threading specifications for metric threaded en-
at the termination fittings.tries are located in ISO 965/1-1980, Metric Screw

(e) Threaded rigid metal conduit, or threaded steel in-Threads; and ISO 965/3-1980, Metric Screw Threads.
termediate metal conduit.

505.15 Wiring Methods (f) Rigid nonmetallic conduit complying with Article
352 shall be permitted where encased in a concrete envelopeWiring methods shall maintain the integrity of protec-

tion techniques and shall comply with 505.15(A) through a minimum of 50 mm (2 in.) thick and provided with not
less than 600 mm (24 in.) of cover measured from the top505.15 (C).
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505.16Article 505 — Class I, Zone 0, 1, and 2 Locations

of the conduit to grade. Threaded rigid metal conduit or with listed fittings, liquidtight flexible nonmetallic conduit
with listed fittings, or flexible cord in accordance with thethreaded steel intermediate metal conduit shall be used for

the last 600 mm (24 in.) of the underground run to emergence provisions of 505.17 shall be permitted.
or to the point of connection to the aboveground raceway.

FPN: See 505.25(B) for grounding requirements whereAn equipment grounding conductor shall be included to flexible conduit is used.
provide for electrical continuity of the raceway system and
for grounding of non–current-carrying metal parts. 505.16 Sealing and Drainage
(2) Flexible Connections Where necessary to employ flex- Seals in conduit and cable systems shall comply with
ible connections, flexible fittings listed for Class I, Zone 1 505.16(A) through 505.16(E). Sealing compound shall be
or Division 1 locations or flexible cord in accordance with used in Type MI cable termination fittings to exclude mois-
the provisions of 505.17 shall be permitted. ture and other fluids from the cable insulation.

FPN No. 1: Seals are provided in conduit and cable(C) Class I, Zone 2
systems to minimize the passage of gases and vapors and

(1) General In Class I, Zone 2 locations, the wiring meth- prevent the passage of flames from one portion of the
ods in (C)(1)(a) through (C)(1)(g) shall be permitted. electrical installation to another through the conduit. Such

communication through Type MI cable is inherently pre-
(a) All wiring methods permitted by 505.15(B). vented by construction of the cable. Unless specifically

designed and tested for the purpose, conduit and cable(b) Types MI, MC, MV, or TC cable with termination
seals are not intended to prevent the passage of liquids,fittings, or in cable tray systems and installed in a manner
gases, or vapors at a continuous pressure differential

to avoid tensile stress at the termination fittings. Single across the seal. Even at differences in pressure across
conductor Type MV cables shall be shielded or metallic- the seal equivalent to a few inches of water, there may

be a slow passage of gas or vapor through a seal andarmored.
through conductors passing through the seal. See(c) Type ITC cable as permitted in 727.4. 505.16(C)(2)(b). Temperature extremes and highly corro-
sive liquids and vapors can affect the ability of seals to(d) Type PLTC cable in accordance with the provisions
perform their intended function. See 505.16(D)(2).of Article 725, or in cable tray systems. PLTC shall be
FPN No. 2: Gas or vapor leakage and propagation ofinstalled in a manner to avoid tensile stress at the termination
flames may occur through the interstices between thefittings.
strands of standard stranded conductors larger than 2

(e) Enclosed gasketed busways, enclosed gasketed wir- AWG. Special conductor constructions, for example,
compacted strands or sealing of the individual strands,eways.
are means of reducing leakage and preventing the propa-

(f) Threaded rigid metal conduit, threaded steel inter- gation of flames.
mediate metal conduit.

(A) Zone 0 In Class I, Zone 0 locations, seals shall be(g) Nonincendive field wiring shall be permitted using
located according to 505.16(A)(1), (A)(2), and (A)(3).any of the wiring methods permitted for unclassified loca-

tions. Nonincendive field wiring systems shall be installed
(1) Conduit Seals Seals shall be provided within 3.05 m

in accordance with the control drawing(s). Simple apparatus,
(10 ft) of where a conduit leaves a Zone 0 location. There

not shown on the control drawing, shall be permitted in
shall be no unions, couplings, boxes, or fittings, except listed

a nonincendive field wiring circuit, provided the simple
reducers at the seal, in the conduit run between the seal and

apparatus does not interconnect the nonincendive field wir-
the point at which the conduit leaves the location.

ing circuit to any other circuit.
Exception: A rigid unbroken conduit that passes completely

FPN: Simple apparatus is defined in 504.2.
through the Zone 0 location with no fittings less than 300

Separate nonincendive field wiring circuits shall be in- mm (12 in.) beyond each boundary shall not be required to
stalled in accordance with one of the following: be sealed if the termination points of the unbroken conduit

are in unclassified locations.
(1) In separate cables
(2) In multiconductor cables where the conductors of each (2) Cable Seals Seals shall be provided on cables at the

circuit are within a grounded metal shield first point of termination after entry into the Zone 0 location.
(3) In multiconductor cables where the conductors of each

(3) Not Required to Be Explosionproof or Flameproofcircuit have insulation with a minimum thickness of
Seals shall not be required to be explosionproof or flame-0.25 mm (0.01 in.)
proof.

(2) Flexible Connections Where provision must be made
for limited flexibility, flexible metal fittings, flexible metal (B) Zone 1 In Class I, Zone 1 locations, seals shall be

located in accordance with 505.16(B)(1) through (B)(8).conduit with listed fittings, liquidtight flexible metal conduit
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505.16 Article 505 — Class I, Zone 0, 1, and 2 Locations

(1) Type of Protection ‘‘d’’ or ‘‘e’’ Enclosures Conduit trade size of the conduit shall be permitted between the
sealing fitting and the explosionproof enclosure.seals shall be provided within 50 mm (2 in.) for each conduit

entering enclosures having type of protection ‘‘d’’ or ‘‘e.’’ (c) Where two or more explosionproof enclosures for
which conduit seals are required under 505.16(B)(2) areException No. 1: Where the enclosure having type of protec-
connected by nipples or by runs of conduit not more thantion ‘‘d’’ is marked to indicate that a seal is not required.
900 mm (36 in.) long, a single conduit seal in each such

Exception No. 2: For type of protection ‘‘e,’’ conduit and nipple connection or run of conduit shall be considered
fittings employing only NPT to NPT raceway joints or fittings sufficient if located not more than 450 mm (18 in.) from
listed for type of protection ‘‘e’’ shall be permitted between either enclosure.
the enclosure and the seal, and the seal shall not be required
to be within 50 mm (2 in.) of the entry. (3) Pressurized Enclosures Conduit seals shall be pro-

vided in each conduit entry into a pressurized enclosure
FPN: Examples of fittings employing other than NPT

where the conduit is not pressurized as part of the protectionthreads include conduit couplings, capped elbows,
system. Conduit seals shall be installed within 450 mm (18unions, and breather drains.
in.) from the pressurized enclosure.

Exception No. 3: For conduit installed between type of pro-
FPN No. 1: Installing the seal as close as possible totection ‘‘e’’ enclosures employing only NPT to NPT raceway
the enclosure reduces problems with purging the deadjoints or conduit fittings listed for type of protection ‘‘e,’’ a airspace in the pressurized conduit.

seal shall not be required. FPN No. 2: For further information, see NFPA 496-
2003, Standard for Purged and Pressurized Enclosures

(2) Explosionproof Equipment Conduit seals shall be pro- for Electrical Equipment.
vided for each conduit entering explosionproof equipment

(4) Class I, Zone 1 Boundary Conduit seals shall be pro-according to (B)(2)(a), (B)(2)(b), and (B)(2)(c).
vided in each conduit run leaving a Class I, Zone 1 location.

(a) In each conduit entry into an explosionproof enclo- The sealing fitting shall be permitted on either side of the
sure where either (1) the enclosure contains apparatus, such boundary of such location within 3.05 m (10 ft) of the
as switches, circuit breakers, fuses, relays, or resistors, that boundary and shall be designed and installed so as to mini-
may produce arcs, sparks, or high temperatures that are mize the amount of gas or vapor within the Zone 1 portion
considered to be an ignition source in normal operation, or of the conduit from being communicated to the conduit
(2) the entry is metric designator 53 (trade size 2) or larger beyond the seal. Except for listed explosionproof reducers
and the enclosure contains terminals, splices, or taps. For at the conduit seal, there shall be no union, coupling, box,
the purposes of this section, high temperatures shall be con- or fitting between the conduit seal and the point at which
sidered to be any temperatures exceeding 80 percent of the the conduit leaves the Zone 1 location.
autoignition temperature in degrees Celsius of the gas or

Exception: Metal conduit containing no unions, couplings,vapor involved.
boxes, or fittings and passing completely through a Class

Exception: Conduit entering an enclosure where such I, Zone 1 location with no fittings less than 300 mm (12 in.)
switches, circuit breakers, fuses, relays, or resistors comply beyond each boundary shall not require a conduit seal if
with one of the following: the termination points of the unbroken conduit are in unclas-

sified locations.
(1) Are enclosed within a chamber hermetically sealed

against the entrance of gases or vapors. (5) Cables Capable of Transmitting Gases or Vapors
(2) Are immersed in oil. Conduits containing cables with a gas/vaportight continuous
(3) Are enclosed within a factory-sealed explosionproof sheath capable of transmitting gases or vapors through the

chamber located within the enclosure, identified for the cable core shall be sealed in the Zone 1 location after remov-
location, and marked ‘‘factory sealed’’ or equivalent, ing the jacket and any other coverings so that the sealing
unless the entry is metric designator 53 (trade size compound surrounds each individual insulated conductor
2) or larger. Factory-sealed enclosures shall not be and the outer jacket.
considered to serve as a seal for another adjacent explo-

Exception: Multiconductor cables with a gas/vaportightsionproof enclosure that is required to have a conduit
continuous sheath capable of transmitting gases or vaporsseal.
through the cable core shall be permitted to be considered
as a single conductor by sealing the cable in the conduit(b) Conduit seals shall be installed within 450 mm (18

in.) from the enclosure. Only explosionproof unions, cou- within 450 mm (18 in.) of the enclosure and the cable end
within the enclosure by an approved means to minimize theplings, reducers, elbows, capped elbows, and conduit bodies

similar to L, T, and cross types that are not larger than the entrance of gases or vapors and prevent the propagation of

2005 National Electrical Code Handbook730

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



505.16Article 505 — Class I, Zone 0, 1, and 2 Locations

flame into the cable core, or by other approved methods. shall not be required to be sealed where passing from the
Class I, Zone 2 location into the unclassified location. TheFor shielded cables and twisted pair cables, it shall not be

required to remove the shielding material or separate the unclassified location shall be outdoors or, if the conduit
system is all in one room, it shall be permitted to be indoors.twisted pair.
The conduits shall not terminate at an enclosure containing

(6) Cables Incapable of Transmitting Gases or Vapors an ignition source in normal operation.
Each multiconductor cable in conduit shall be considered

Exception No. 3: Conduit systems passing from an enclosure
as a single conductor if the cable is incapable of transmitting

or room that is unclassified as a result of pressurization into
gases or vapors through the cable core. These cables shall

a Class I, Zone 2 location shall not require a seal at the
be sealed in accordance with 505.16(D).

boundary.

(7) Cables Entering Enclosures Cable seals shall be pro- FPN: For further information, refer to NFPA 496-2003,
vided for each cable entering flameproof or explosionproof Standard for Purged and Pressurized Enclosures for

Electrical Equipment.enclosures. The seal shall comply with 505.16(D).

Exception No. 4: Segments of aboveground conduit systems(8) Class I, Zone 1 Boundary Cables shall be sealed at
shall not be required to be sealed where passing from athe point at which they leave the Zone 1 location.
Class I, Zone 2 location into an unclassified location if all
the following conditions are met:Exception: Where cable is sealed at the termination point.

(1) No part of the conduit system segment passes through(C) Zone 2 In Class I, Zone 2 locations, seals shall be
a Class I, Zone 0 or Class I, Zone 1 location where thelocated in accordance with 505.16(C)(1) and (C)(2).
conduit contains unions, couplings, boxes, or fittings
within 300 mm (12 in.) of the Class I, Zone 0 or Class(1) Conduit Seals Conduit seals shall be located in accor-
I, Zone 1 location.dance with (C)(1)(a) and (C)(1)(b).

(2) The conduit system segment is located entirely in out-
(a) For connections to enclosures that are required to door locations.

be flameproof or explosionproof, a conduit seal shall be (3) The conduit system segment is not directly connected
provided in accordance with 505.16(B)(1) and 505.16(B)(2). to canned pumps, process or service connections for
All portions of the conduit run or nipple between the seal flow, pressure, or analysis measurement, and so forth,
and such enclosure shall comply with 505.16(B). that depend on a single compression seal, diaphragm,

(b) In each conduit run passing from a Class I, Zone or tube to prevent flammable or combustible fluids from
2 location into an unclassified location. The sealing fitting entering the conduit system.
shall be permitted on either side of the boundary of such (4) The conduit system segment contains only threaded
location within 3.05 m (10 ft) of the boundary and shall be metal conduit, unions, couplings, conduit bodies, and
designed and installed so as to minimize the amount of gas fittings in the unclassified location.
or vapor within the Zone 2 portion of the conduit from being (5) The conduit system segment is sealed at its entry to
communicated to the conduit beyond the seal. Rigid metal each enclosure or fitting housing terminals, splices, or
conduit or threaded steel intermediate metal conduit shall taps in Class I, Zone 2 locations.
be used between the sealing fitting and the point at which

(2) Cable Seals Cable seals shall be located in accordancethe conduit leaves the Zone 2 location, and a threaded con-
with (C)(2)(a), (C)(2)(b), and (C)(2)(c).nection shall be used at the sealing fitting. Except for listed

explosionproof reducers at the conduit seal, there shall be (a) Explosionproof and Flameproof Enclosures. Cables
no union, coupling, box, or fitting between the conduit seal entering enclosures required to be flameproof or explo-
and the point at which the conduit leaves the Zone 2 location. sionproof shall be sealed at the point of entrance. The seal

shall comply with 505.16(D). Multiconductor cables with aException No. 1: Metal conduit containing no unions, cou-
gas/vaportight continuous sheath capable of transmittingplings, boxes, or fittings and passing completely through a
gases or vapors through the cable core shall be sealed inClass I, Zone 2 location with no fittings less than 300 mm
the Zone 2 location after removing the jacket and any other(12 in.) beyond each boundary shall not be required to be
coverings so that the sealing compound surrounds each indi-sealed if the termination points of the unbroken conduit are
vidual insulated conductor in such a manner as to minimizein unclassified locations.
the passage of gases and vapors. Multiconductor cables in

Exception No. 2: Conduit systems terminating at an unclas- conduit shall be sealed as described in 505.16(B)(4).
sified location where a wiring method transition is made to
cable tray, cablebus, ventilated busway, Type MI cable, or Exception No. 1: Cables passing from an enclosure or room

that is unclassified as a result of Type Z pressurization intocable that is not installed in a raceway or cable tray system
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505.16 Article 505 — Class I, Zone 0, 1, and 2 Locations

a Class I, Zone 2 location shall not require a seal at the be affected by the surrounding atmosphere or liquids, and
shall not have a melting point less than 93�C (200�F).boundary.

Exception No. 2: Shielded cables and twisted pair cables
(3) Thickness of Compounds In a completed seal, the min-shall not require the removal of the shielding material or
imum thickness of the sealing compound shall not be lessseparation of the twisted pairs, provided the termination is
than the trade size of the sealing fitting and, in no case, lessby an approved means to minimize the entrance of gases or
than 16 mm (5⁄8 in.).vapors and prevent propagation of flame into the cable core.

Exception: Listed cable sealing fittings shall not be required
(b) Cables That Will Not Transmit Gases or Vapors. to have a minimum thickness equal to the trade size of the

Cables with a gas/vaportight continuous sheath and that will fitting.
not transmit gases or vapors through the cable core in excess
of the quantity permitted for seal fittings shall not be required (4) Splices and Taps Splices and taps shall not be made
to be sealed except as required in 505.16(C)(2)(a). The mini- in fittings intended only for sealing with compound, nor
mum length of such cable run shall not be less than the shall other fittings in which splices or taps are made be filled
length that limits gas or vapor flow through the cable core with compound.
to the rate permitted for seal fittings [200 cm3/hr (0.007 ft3/
hr) of air at a pressure of 1500 pascals (6 in. of water)]. (5) Conductor Fill The cross-sectional area of the conduc-

tors permitted in a seal shall not exceed 25 percent of the
FPN No. 1: See ANSI/UL 886-1994, Outlet Boxes and cross-sectional area of a rigid metal conduit of the same trade
Fittings for Use in Hazardous (Classified) Locations.

size unless it is specifically listed for a higher percentage of
FPN No. 2: The cable core does not include the inter-

fill.stices of the conductor strands.

(c) Cables Capable of Transmitting Gases or Vapors. (E) Drainage
Cables with a gas/vaportight continuous sheath capable of (1) Control Equipment Where there is a probability that
transmitting gases or vapors through the cable core shall not liquid or other condensed vapor may be trapped within enclo-
be required to be sealed except as required in sures for control equipment or at any point in the raceway
505.16(C)(2)(a), unless the cable is attached to process system, approved means shall be provided to prevent accu-
equipment or devices that may cause a pressure in excess mulation or to permit periodic draining of such liquid or
of 1500 pascals (6 in. of water) to be exerted at a cable end, condensed vapor.
in which case a seal, barrier, or other means shall be provided
to prevent migration of flammables into an unclassified area. (2) Motors and Generators Where the authority having

jurisdiction judges that there is a probability that liquid orException: Cables with an unbroken gas/vaportight contin-
condensed vapor may accumulate within motors or genera-uous sheath shall be permitted to pass through a Class I,
tors, joints and conduit systems shall be arranged to minimizeZone 2 location without seals.
entrance of liquid. If means to prevent accumulation or to

(d) Cables Without Gas/Vaportight Continuous Sheath. permit periodic draining are judged necessary, such means
Cables that do not have gas/vaportight continuous sheath shall be provided at the time of manufacture and shall be
shall be sealed at the boundary of the Zone 2 and unclassified considered an integral part of the machine.
location in such a manner as to minimize the passage of
gases or vapors into an unclassified location. (3) Canned Pumps, Process, or Service Connections, and

So Forth For canned pumps, process, or service connec-FPN: The cable sheath may be either metal or a nonme-
tions for flow, pressure, or analysis measurement, and sotallic material.
forth, that depend on a single compression seal, diaphragm,

(D) Class I, Zones 0, 1, and 2 Where required, seals in or tube to prevent flammable or combustible fluids from
Class I, Zones 0, 1, and 2 locations shall comply with entering the electrical conduit system, an additional ap-
505.16(D)(1) through (D)(5). proved seal, barrier, or other means shall be provided to

prevent the flammable or combustible fluid from entering(1) Fittings Enclosures for connections or equipment shall
the conduit system beyond the additional devices or meansbe provided with an integral means for sealing, or sealing
if the primary seal fails.fittings listed for the location shall be used. Sealing fittings

The additional approved seal or barrier and the intercon-shall be listed for use with one or more specific compounds
necting enclosure shall meet the temperature and pressureand shall be accessible.
conditions to which they will be subjected upon failure of
the primary seal, unless other approved means are provided(2) Compound The compound shall provide a seal against

passage of gas or vapors through the seal fitting, shall not to accomplish the purpose in the preceding paragraph.
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505.20Article 505 — Class I, Zone 0, 1, and 2 Locations

Drains, vents, or other devices shall be provided so that spares) that enters Type ‘‘e’’ equipment shall be terminated
at a Type ‘‘e’’ terminal.primary seal leakage is obvious.

FPN: See also the fine print notes to 505.16. (B) Conductor Insulation Where condensed vapors or liq-
uids may collect on, or come in contact with, the insulationProcess-connected equipment that is listed and marked
on conductors, such insulation shall be of a type identified‘‘Dual Seal’’ shall not require additional process sealing
for use under such conditions, or the insulation shall bewhen used within the manufacturer’s ratings.
protected by a sheath of lead or by other approved means.

FPN: For construction and testing requirements for dual
seal process, connected equipment, refer to ISA 12.27.01, 505.19 Uninsulated Exposed PartsRequirements for Process Sealing Between Electrical
Systems and Potentially Flammable or Combustible Pro- There shall be no uninsulated exposed parts, such as electric
cess Fluids. conductors, buses, terminals, or components that operate at

more than 30 volts (15 volts in wet locations). These parts
505.17 Flexible Cords, Class I, Zones 1 and 2 shall additionally be protected by type of protection ia, ib,
A flexible cord shall be permitted for connection between or nA that is suitable for the location.
portable lighting equipment or other portable utilization

505.20 Equipment Requirementsequipment and the fixed portion of their supply circuit. Flexi-
ble cord shall also be permitted for that portion of the circuit (A) Zone 0 In Class I, Zone 0 locations, only equipment
where the fixed wiring methods of 505.15(B) cannot provide specifically listed and marked as suitable for the location
the necessary degree of movement for fixed and mobile shall be permitted.
electrical utilization equipment, in an industrial establish-

Exception: Intrinsically safe apparatus listed for use inment where conditions of maintenance and engineering su-
Class I, Division 1 locations for the same gas, or as permittedpervision ensure that only qualified persons install and
by 505.9(B)(2), and with a suitable temperature class shallservice the installation, and the flexible cord is protected by
be permitted.location or by a suitable guard from damage. The length of

the flexible cord shall be continuous. Where flexible cords
The exception to 505.20(A) results from the fact that ANSI/are used, the cords shall comply with all of the following:
UL 913, the standard used to evaluate intrinsically safe

(1) Be of a type listed for extra-hard usage
systems for Class I, Division 1 locations, is based on the

(2) Contain, in addition to the conductors of the circuit, a
IEC requirements for intrinsically safe equipment for Class

grounding conductor complying with 400.23
I, Zone 0 locations.

(3) Be connected to terminals or to supply conductors in
an approved manner

(4) Be supported by clamps or by other suitable means in (B) Zone 1 In Class I, Zone 1 locations, only equipment
such a manner that there will be no tension on the specifically listed and marked as suitable for the location
terminal connections shall be permitted.

(5) Be provided with listed seals where the flexible cord
Exception No. 1: Equipment identified for use in Class I,

enters boxes, fittings, or enclosures that are required to
Division 1 or listed for use in Class I, Zone 0 locations for

be explosionproof or flameproof
the same gas, or as permitted by 505.9(B)(2), and with a

Exception: As provided in 505.16. suitable temperature class shall be permitted.

Exception No. 2: Equipment identified for Class I, Zone 1,Electric submersible pumps with means for removal
or Zone 2 type of protection ‘‘p’’ shall be permitted.without entering the wet-pit shall be considered portable

utilization equipment. The extension of the flexible cord (C) Zone 2 In Class I, Zone 2 locations, only equipment
within a suitable raceway between the wet-pit and the power specifically listed and marked as suitable for the location
source shall be permitted. shall be permitted.

Electric mixers intended for travel into and out of open-
Exception No. 1: Equipment listed for use in Class I, Zonetype mixing tanks or vats shall be considered portable utiliza-
0 or Zone 1 locations for the same gas, or as permitted bytion equipment.
505.9(B)(2), and with a suitable temperature class, shall be

FPN: See 505.18 for flexible cords exposed to liquids
permitted.having a deleterious effect on the conductor insulation.
Exception No. 2: Equipment identified for Class I, Zone 1

505.18 Conductors and Conductor Insulation or Zone 2 type of protection ‘‘p’’ shall be permitted.

(A) Conductors For type of protection ‘‘e,’’ field wiring Exception No. 3: Equipment identified for use in Class I,
Division 1 or Division 2 locations for the same gas, or asconductors shall be copper. Every conductor (including
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505.21 Article 505 — Class I, Zone 0, 1, and 2 Locations

permitted by 505.9(B)(2), and with a suitable temperature ternal grounding means between the motor frame and
the equipment grounding connection is incorporatedclass shall be permitted.
within the housing.Exception No. 4: In Class I, Zone 2 locations, the installa-

(5) The provisions of Part III of Article 430 shall applytion of open or nonexplosionproof or nonflameproof en-
regardless of the voltage rating of the motor.closed motors, such as squirrel-cage induction motors

(6) The motors shall be protected against overload by awithout brushes, switching mechanisms, or similar arc-
separate overload device that is responsive to motorproducing devices that are not identified for use in a Class
current. This device shall be selected to trip or shall beI, Zone 2 location shall be permitted.
rated in accordance with the listing of the motor andFPN No. 1: It is important to consider the temperature
its overload protection.of internal and external surfaces that may be exposed to

(7) Sections 430.32(C) and 430.44 shall not apply to suchthe flammable atmosphere.
motors.FPN No. 2: It is important to consider the risk of ignition

due to currents arcing across discontinuities and overheat- (8) The motor overload protection shall not be shunted or
ing of parts in multisection enclosures of large motors cut out during the starting period.
and generators. Such motors and generators may need
equipotential bonding jumpers across joints in the enclo-
sure and from enclosure to ground. Where the presence 505.25 Grounding and Bonding
of ignitible gases or vapors is suspected, clean air purging Grounding and bonding shall comply with Article 250 andmay be needed immediately prior to and during start-up

the requirements in 505.25(A) and 505.25(B).periods.

(A) Bonding The locknut-bushing and double-locknut
See the commentary following 501.125(B), FPN No. 2, for types of contacts shall not be depended on for bonding
more information on electric motors installed in hazardous purposes, but bonding jumpers with proper fittings or other
(classified) locations. approved means of bonding shall be used. Such means of

bonding shall apply to all intervening raceways, fittings,(D) Manufacturer’s Instructions Electrical equipment in-
boxes, enclosures, and so forth, between Class I locationsstalled in hazardous (classified) locations shall be installed
and the point of grounding for service equipment or pointin accordance with the instructions (if any) provided by the
of grounding of a separately derived system.manufacturer.
Exception: The specific bonding means shall be required505.21 Multiwire Branch Circuits
only to the nearest point where the grounded circuit conduc-

In a Class I, Zone 1 location, a multiwire branch circuit tor and the grounding electrode are connected together on
shall not be permitted. the line side of the building or structure disconnecting means
Exception: Where the disconnect device(s) for the circuit as specified in 250.32(A), (B), and (C), provided the branch-
opens all ungrounded conductors of the multiwire circuit circuit overcurrent protection is located on the load side of
simultaneously. the disconnecting means.

505.22 Increased Safety ‘‘e’’ Motors FPN: See 250.100 for additional bonding requirements
in hazardous (classified) locations.and Generators

In Class I, Zone 1 locations, Increased Safety ‘‘e’’ motors (B) Types of Equipment Grounding Conductors Where
and generators of all voltage ratings shall be listed for Class I, flexible metal conduit or liquidtight flexible metal conduit
Zone 1 locations, and shall comply with all of the following: is used as permitted in 505.15(C) and is to be relied on to
(1) Motors shall be marked with the current ratio, IA/IN, complete a sole equipment grounding path, it shall be in-

and time, tE. stalled with internal or external bonding jumpers in parallel
(2) Motors shall have controllers marked with the model with each conduit and complying with 250.102.

or identification number, output rating (horsepower or
Exception: In Class I, Zone 2 locations, the bonding jumperkilowatt), full-load amperes, starting current ratio (IA/
shall be permitted to be deleted where all of the followingIN), and time (tE) of the motors that they are intended
conditions are met:to protect; the controller marking shall also include

the specific overload protection type (and setting, if (a) Listed liquidtight flexible metal conduit 1.8 m (6 ft)
applicable) that is listed with the motor or generator. or less in length, with fittings listed for grounding, is used.

(3) Connections shall be made with the specific terminals
(b) Overcurrent protection in the circuit is limited tolisted with the motor or generator.

10 amperes or less.(4) Terminal housings shall be permitted to be of substan-
tial, nonmetallic, nonburning material, provided an in- (c) The load is not a power utilization load.
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506.2Article 506 — Zone 20, 21, and 22 Locations for Combustible Dusts, Fibers, and Flyings

See the commentary for 501.30 for information on grounding 506.17 Flexible Cords
and bonding requirements in Class I locations. 506.20 Equipment Installation

(A) Zone 20
(B) Zone 21
(C) Zone 22ARTICLE 506
(D) Manufacturer’s Instructions

Zone 20, 21, and 22 Locations for (E) Temperature
506.21 Grounding and BondingCombustible Dusts, Fibers, and

(A) BondingFlyings (B) Types of Equipment Grounding Conductors

Summary of Changes
506.1 Scope

• Added article providing an alternative zone (IEC-based)
This article covers the requirements for the zone classifica-system for locations that include combustible concentra-
tion system as an alternative to the division classificationtions of combustible dust, or of ignitible fibers and flyings.
system covered in Article 500, Article 502, and Article 503
for electrical and electronic equipment and wiring for all
voltages in Zone 20, Zone 21, and Zone 22 hazardous (classi-
fied) locations where fire and explosion hazards may existContents
due to combustible dusts, or ignitible fibers or flyings. Com-506.1 Scope
bustible metallic dusts are not covered by the requirements506.2 Definitions
of this article.506.4 General

(A) Documentation for Industrial Occupancies FPN No. 1: For the requirements for electrical and elec-
tronic equipment and wiring for all voltages in Class I,(B) Reference Standards
Division 1 or Division 2; Class II, Division 1 or Division506.5 Classification of Locations
2; Class III, Division 1 or Division 2; and Class I, Zone

(A) Classifications of Locations 0 or Zone 1 or Zone 2 hazardous (classified) locations
(B) Zone 20, Zone 21, and Zone 22 Locations where fire or explosion hazards may exist due to flamma-

ble gases or vapors, flammable liquids, or combustible506.6 Special Precaution
dusts or fibers, refer to Articles 500 through 505.(A) Implementation of Zone Classification System
FPN No. 2: Zone 20, Zone 21, and Zone 22 area classifi-(B) Dual Classification
cations are based on the modified IEC area classification

(C) Reclassification Permitted system as defined in ISA 12.10.05, Electrical Apparatus
(D) Simultaneous Presence of Flammable Gases and for Use in Zone 20, Zone 21, and Zone 22 Hazardous

(Classified) Locations — Classification of Zone 20, ZoneCombustible Dusts, Fibers, or Flyings
21, and Zone 22 Hazardous (Classified) Locations506.8 Protection Techniques
(IEC61241-10 Mod).

(A) Dust Ignitionproof FPN No. 3: The unique hazards associated with explo-
(B) Pressurized sives, pyrotechnics, and blasting agents are not addressed

in this article.(C) Intrinsic Safety
(D) Dusttight

506.2 Definitions(E) Nonincendive Circuit
(F) Nonincendive Equipment For purposes of this article, the following definitions apply.

506.9 Equipment Requirements
Associated Nonincendive Field Wiring Apparatus. Ap-(A) Suitability
paratus in which the circuits are not necessarily nonincendive(B) Listing
themselves but that affect the energy in nonincendive field

(C) Marking
wiring circuits and are relied upon to maintain nonincendive

(D) Temperature Classfications
energy levels. Associated nonincendive field wiring appara-

(E) Threading tus may be either of the following:
506.15 Wiring Methods

(1) Electrical apparatus that has an alternative type of pro-(A) Zone 20
tection for use in the appropriate hazardous (classified)(B) Zone 21
location(C) Zone 22

(2) Electrical apparatus not so protected that shall not be506.16 Sealing
used in a hazardous (classified) location

National Electrical Code Handbook 2005 735

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



506.4 Article 506 — Zone 20, 21, and 22 Locations for Combustible Dusts, Fibers, and Flyings

FPN: Conditions are described in ANSI/ISA 12.12.01-FPN: Associated nonincendive field wiring apparatus
has designated associated nonincendive field wiring ap- 2000, Nonincendive Electrical Equipment for Use in

Class I and II, Division 2, and Class III, Divisions 1 andparatus connections for nonincendive field wiring appara-
tus and may also have connections for other electrical 2 Hazardous (Classified) Locations.
apparatus.

Pressurized. The process of supplying an enclosure with a
Dust-Ignitionproof. Equipment enclosed in a manner that protective gas with or without continuous flow at sufficient
excludes dusts and does not permit arcs, sparks, or heat pressure to prevent the entrance of combustible dust, or an
otherwise generated or liberated inside of the enclosure to ignitible fiber or flying.
cause ignition of exterior accumulations or atmospheric sus-

FPN: For further information, see ANSI/ NFPA 496-pensions of a specified dust on or in the vicinity of the 2003, Purged and Pressurized Enclosures for Electrical
enclosure. Equipment.

FPN: For further information on dust-ignitionproof en- Zone 20 Hazardous (Classified) Location. An area where
closures, see Type 9 enclosure in ANSI/NEMA 250- combustible dust or ignitible fibers and flyings are present
1991, Enclosures for Electrical Equipment, and ANSI/ continuously or for long periods of time in quantities suffi-
UL 1203-1994, Explosionproof and Dust-Ignitionproof

cient to be hazardous, as classified by 506.5(B)(1).Electrical Equipment for Hazardous (Classified) Loca-
tions. Zone 21 Hazardous (Classified) Location. An area where

combustible dust or ignitible fibers and flyings are likelyDusttight. Enclosures constructed so that dust will not enter
to exist occasionally under normal operation in quantitiesunder specified test conditions.
sufficient to be hazardous, as classified by 506.5(B)(2).

FPN No. 1: See ANSI/ISA 12.12.01-2000, Nonincendive
Zone 22 Hazardous (Classified) Location. An area whereElectrical Equipment for Use in Class I and II, Division
combustible dust or ignitible fibers and flyings are not likely2, and Class III, Divisions 1 and 2 Hazardous (Classified)

Locations, and UL 1604-1994, Electrical Equipment for to occur under normal operation in quantities sufficient to
Use in Class I and II, Division 2 and Class III Hazardous be hazardous, as classified by 506.5(B)(3).
(Classified) Locations.

506.4 GeneralNonincendive Circuit. A circuit, other than field wiring,
in which any arc or thermal effect produced under intended (A) Documentation for Industrial Occupancies Areas
operating conditions of the equipment is not capable, under designated as hazardous (classified) locations shall be prop-
specified test conditions, of igniting the flammable gas–air, erly documented. This documentation shall be available to
vapor–air, or dust–air mixture. those authorized to design, install, inspect, maintain or oper-

ate electrical equipment.
FPN: Conditions are described in ANSI/ISA 12.12.01-
2000, Nonincendive Electrical Equipment for Use in (B) Reference Standards Important information relating
Class I and II, Division 2, and Class III, Divisions 1 and to topics covered in Chapter 5 are found in other publications.2 Hazardous (Classified) Locations.

FPN: It is important that the authority having jurisdiction
Nonincendive Equipment. Equipment having electrical/ be familiar with the recorded industrial experience as
electronic circuitry that is incapable, under normal operating well as with standards of the National Fire Protection

Association (NFPA), the ISA, International Society forconditions, of causing ignition of a specified flammable
Measurement and Control, and the International Electro-gas–air, vapor–air, or dust–air mixture due to arcing or ther-
technical Commission (IEC) that may be of use in themal means.
classification of various locations, the determination of
adequate ventilation, and the protection against staticFPN: Conditions are described in ANSI/ISA 12.12.01-
electricity and lightning hazards.2000, Nonincendive Electrical Equipment for Use in

Class I and II, Division 2, and Class III, Divisions 1 and
2 Hazardous (Classified) Locations. 506.5 Classification of Locations

(A) Classifications of Locations Locations shall be classi-Nonincendive Field Wiring. Wiring that enters or leaves
fied on the basis of the properties of the combustible dust,an equipment enclosure and, under normal operating condi-
ignitible fibers or flyings that may be present, and the likeli-tions of the equipment, is not capable, due to arcing or
hood that a combustible or combustible concentration orthermal effects, of igniting the flammable gas–air, vapor–air,
quantity is present. Each room, section, or area shall beor dust–air mixture. Normal operation includes opening,
considered individually in determining its classification.shorting, or grounding the field wiring.
Where pyrophoric materials are the only materials used or
handled, these locations are outside of the scope of thisNonincendive Field Wiring Apparatus. Apparatus in-

tended to be connected to nonincendive field wiring. article.
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506.5Article 506 — Zone 20, 21, and 22 Locations for Combustible Dusts, Fibers, and Flyings

for Use In Zone 20, Zone 21, and Zone 22 Hazardous(B) Zone 20, Zone 21, and Zone 22 Locations Zone 20,
(Classified) Locations — Classification of Zone 20, ZoneZone 21, and Zone 22 locations are those in which combusti-
21, and Zone 22 Hazardous (Classified) Locations

ble dust, ignitible fibers, or flyings are or may be present (IEC61241-10 Mod).
in the air or in layers, in quantities sufficient to produce FPN No. 2: This classification usually includes locations
explosive or ignitible mixtures. Zone 20, Zone 21, and Zone outside dust containment and in the immediate vicinity

of access doors subject to frequent removal or opening22 locations shall include those specified in 506.5(B)(1),
for operation purposes when internal combustible mix-(B)(2), and (B)(3).
tures are present; locations outside dust containment in
the proximity of filling and emptying points, feed belts,FPN: Through the exercise of ingenuity in the layout of
sampling points, truck dump stations, belt dump overelectrical installations for hazardous (classified) loca-
points, etc. where no measures are employed to preventtions, it is frequently possible to locate much of the
the formation of combustible mixtures; locations outsideequipment in a reduced level of classification, and, thus,
dust containment where dust accumulates and where dueto reduce the amount of special equipment required.
to process operations the dust layer is likely to be dis-
turbed and form combustible mixtures; locations inside(1) Zone 20 A Zone 20 location is a location in which
dust containment where explosive dust clouds are likely

(a) Ignitible concentrations of combustible dust or ig- to occur (but neither continuously, nor for long periods,
nor frequently) as, for example, silos (if filled and/ornitible fibers or flyings are present continuously.
emptied only occasionally) and the dirty side of filters

(b) Ignitible concentrations of combustible dust or ig- if large self-cleaning intervals are occurring.
nitible fibers or flyings are present for long periods of time.

(3) Zone 22 A Zone 22 location is a location
FPN No. 1: As a guide to classification of Zone 20
locations, refer to ISA 12.10.05, Electrical Apparatus (a) In which ignitible concentrations of combustible
for Use in Zone 20, Zone 21, and Zone 22 Hazardous dust or ignitible fibers or flyings are not likely to occur in
(Classified) Locations — Classification of Zone 20, Zone normal operation, and if they do occur, will only persist for
21, and Zone 22 Hazardous (Classified) Locations

a short period; or(IEC61241-10 Mod).
(b) In which combustible dust, or fibers, or flyings areFPN No. 2: Zone 20 classification includes locations

inside dust containment systems; hoppers, silos, etc., cy- handled, processed, or used but in which the dust, fibers, or
clones and filters, dust transport systems, except some flyings are normally confined within closed containers of
parts of belt and chain conveyors, etc.; blenders, mills, closed systems from which they can escape only as a resultdryers, bagging equipment, etc.

of the abnormal operation of the equipment with which the
dust, or fibers, or flyings are handled, processed, or used;(2) Zone 21 A Zone 21 location is a location
or

(a) In which ignitible concentrations of combustible
(c) That is adjacent to a Zone 21 location, from whichdust or ignitible fibers or flyings are likely to exist occasion-

ignitible concentrations of dust or fibers or flyings could beally under normal operating conditions; or
communicated, unless such communication is prevented by

(b) In which ignitible concentrations of combustible adequate positive pressure ventilation from a source of clean
dust or ignitible fibers or flyings may exist frequently be- air and effective safeguards against ventilation failure are
cause of repair or maintenance operations or because of provided.
leakage; or

FPN No. 1: As a guide to classification of Zone 22
(c) In which equipment is operated or processes are locations, refer to ISA 12.10.05, Electrical Apparatus

carried on, of such a nature that equipment breakdown or for Use in Zone 20, Zone 21, and Zone 22 Hazardous
faulty operations could result in the release of ignitible con- (Classified) Locations — Classification of Zone 20, Zone

21, and Zone 22 Hazardous (Classified) Locationscentrations of combustible dust, or ignitible fibers or flyings
(IEC61241-10 Mod).and also cause simultaneous failure of electrical equipment
FPN No. 2: Zone 22 locations usually include outletsin a mode to cause the electrical equipment to become a
from bag filter vents, because in the event of a malfunc-

source of ignition; or tion there can be emission of combustible mixtures; loca-
tions near equipment that has to be opened at infrequent(d) That is adjacent to a Zone 20 location from which
intervals or equipment that from experience can easilyignitible concentrations of dust or ignitible fibers or flyings
form leaks where, due to pressure above atmospheric,could be communicated, unless communication is prevented dust will blow out; pneumatic equipment, flexible con-

by adequate positive pressure ventilation from a source of nections that can become damaged, etc.; storage locations
clean air and effective safeguards against ventilation failure for bags containing dusty product, since failure of bags

can occur during handling, causing dust leakage; andare provided.
locations where controllable dust layers are formed that
are likely to be raised into explosive dust/air mixtures.FPN No. 1: As a guide to classification of Zone 21

locations, refer to ISA 12.10.05, Electrical Apparatus Only if the layer is removed by cleaning before hazardous
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506.6 Article 506 — Zone 20, 21, and 22 Locations for Combustible Dusts, Fibers, and Flyings

dust–air mixtures can be formed is the area designated (B) Pressurized This protection technique shall be permit-
non-hazardous. ted for equipment in Zone 21, and Zone 22 locations for
FPN No. 3: Locations that normally are classified as which it is identified.
Zone 21 can fall into Zone 22 when measures are em-
ployed to prevent the formation of explosive dust–air (C) Intrinsic Safety This protection technique shall be per-
mixtures. Such measures include exhaust ventilation. The

mitted for equipment in Zone 20, Zone 21, and Zone 22measures should be used in the vicinity of (bag) filling
locations for which it is identified. Installation of intrinsicallyand emptying points, feed belts, sampling points, truck

dump stations, belt dump over points, etc. safe apparatus and wiring shall be in accordance with the
requirements of Article 504.

506.6 Special Precaution
(D) Dusttight This protection technique shall be permitted

Article 506 requires equipment construction and installation for equipment in Zone 22 locations for which it is identified.
that ensures safe performance under conditions of proper
use and maintenance. (E) Nonincendive Circuit This protection technique shall

be permitted for equipment in Zone 22 locations for which
FPN: It is important that inspection authorities and users it is identified.
exercise more than ordinary care with regard to the instal-
lation and maintenance of electrical equipment in hazard-

(F) Nonincendive Equipment This protection techniqueous (classified) locations.
shall be permitted for equipment in Zone 22 locations for
which it is identified.(A) Implementation of Zone Classification System Clas-

sification of areas, engineering and design, selection of
506.9 Equipment Requirementsequipment and wiring methods, installation, and inspection

shall be performed by qualified persons. (A) Suitability Suitability of identified equipment shall be
determined by one of the following:

(B) Dual Classification In instances of areas within the
(1) Equipment listing or labelingsame facility classified separately, Zone 22 locations shall
(2) Evidence of equipment evaluation from a qualified test-be permitted to abut, but not overlap, Class II or Class III,

ing laboratory or inspection agency concerned withDivision 2 locations. Zone 20 or Zone 21 locations shall
product evaluationnot abut Class II or Class III, Division 1 or Division 2

(3) Evidence acceptable to the authority having jurisdictionlocations.
such as a manufacturer’s self-evaluation or an owner’s

(C) Reclassification Permitted A Class II or Class III, engineering judgment
Division 1 or Division 2 location shall be permitted to be

(B) Listingreclassified as a Zone 20, Zone 21, or Zone 22 location,
provided that all of the space that is classified because of a (1) Equipment that is listed for Zone 20 shall be permitted
single combustible dust or ignitible fiber or flying source is in a Zone 21 or Zone 22 location of the same dust, or
reclassified under the requirements of this article. ignitible fiber, or flying. Equipment that is listed for

Zone 21 may be used in a Zone 22 location of the same
(D) Simultaneous Presence of Flammable Gases and dust, fiber, or flying.
Combustible Dusts, Fibers, or Flyings Where flammable (2) Equipment shall be permitted to be listed for a specific
gases or combustible dusts, fibers, or flyings are or may be dust, or ignitible fiber or flying, or any specific combina-
present at the same time, the simultaneous presence shall tion of dusts, fibers, or flyings.
be considered during the selection and installation of the
electrical equipment and the wiring methods, including the (C) Marking Equipment identified for Class II, Division
determination of the safe operating temperature of the elec- 1 or Class II, Division 2 shall, in addition to being marked
trical equipment. in accordance with 500.8(B), be permitted to be marked

with both of the following:

506.8 Protection Techniques (1) Zone 20, 21, or 22 (as applicable)
Acceptable protection techniques for electrical and elec- (2) Temperature classification in accordance with 506.9(D)
tronic equipment in hazardous (classified) locations shall be

(D) Temperature Classifications Equipment shall beas described in 506.8(A) through 506.8(F).
marked to show the operating temperature referenced to a
40�C (104�F) ambient. Electrical equipment designed for(A) Dust Ignitionproof This protection technique shall be

permitted for equipment in Zone 20, Zone 21, and Zone 22 use in the ambient temperature range between �20�C and
�40�C shall require no additional ambient temperaturelocations for which it is identified.
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506.15Article 506 — Zone 20, 21, and 22 Locations for Combustible Dusts, Fibers, and Flyings

marking. Electrical equipment that is designed for use in a in a manner to avoid tensile stress at the termination
fittings.range of ambient temperatures other than �20�C and

�40�C is considered to be special; and the ambient tempera-
Exception: MI cable and fittings listed for Class II, Divisionture range shall then be marked on the equipment, including
1 locations are permitted to be used.either the symbol ‘‘Ta’’ or ‘‘Tamb’’ together with the special

range of ambient temperatures. As an example, such a mark- (3) In industrial establishments with limited public access,
ing might be ‘‘–30�C � Ta � �40�C.’’ Electrical equipment where the conditions of maintenance and supervision
suitable for ambient temperatures exceeding 40�C (104�F) ensure that only qualified persons service the installa-
shall be marked with both the maximum ambient tempera- tion, Type MC cable, listed for continuous use in Zone
ture and the operating temperature at that ambient tempera- 20 locations, with a gas/vaportight continuous corru-
ture. gated metallic sheath, and overall jacket of suitable

polymeric material, separate grounding conductors in
Exception No. 1: Equipment of the non–heat-producing

accordance with 250.122, and provided with termination
type, such as conduit fittings, shall not be required to have

fittings listed for the application, shall be permitted.
a marked operating temperature.

Exception: MC cable and fittings listed for Class II, DivisionException No. 2: Equipment identified for Class II, Division
1 locations are permitted to be used.1 or Class II, Division 2 locations as permitted by 506.20(B)

and 506.20(C) shall be permitted to be marked in accordance (4) Fittings and boxes shall be identified for use in Zone
with 500.8(B) and Table 500.8(B). 20 locations.

(E) Threading All NPT threads referred to herein shall be Exception: Boxes and fittings listed for Class II, Division
threaded with a National (American) Standard Pipe Taper 1 locations are permitted to be used.
(NPT) thread that provides a taper of 1 in 16 (3⁄4-in. taper

(5) Where necessary to employ flexible connections, liq-per foot). Conduit and fittings shall be made wrenchtight to
uidtight flexible metal conduit with listed fittings, liq-prevent sparking when the fault current flows through the
uidtight flexible nonmetallic conduit with listed fittings,conduit system, and to ensure the integrity of the conduit
or flexible cord listed for extra-hard usage and providedsystem. Equipment provided with threaded entries for field
with listed fittings shall be used. Where flexible cordswiring connections shall be installed in accordance with
are used, they shall also comply with 506.17. Where506.9(E)(1) or (E)(2).
flexible connections are subject to oil or other corrosive
conditions, the insulation of the conductors shall be of(1) Equipment Provided with Threaded Entries for NPT
a type listed for the condition or shall be protected byThreaded Conduit or Fittings For equipment provided
means of a suitable sheath.with threaded entries for NPT threaded conduit or fittings,

listed conduit fittings, or cable fittings shall be used.
Exception: Flexible conduit and flexible conduit and cord
fittings listed for Class II, Division 1 locations are permitted(2) Equipment Provided with Threaded Entries forMet-
to be used.ric ThreadedConduit or Fittings For equipment with met-

ric threaded entries, such entries shall be identified as being FPN: See 506.25 for grounding requirements where flex-
metric, or listed adapters to permit connection to conduit or ible conduit is used.
NPT-threaded fittings shall be provided with the equipment.

(B) Zone 21 In Zone 21 locations, the wiring methods inAdapters shall be used for connection to conduit or NPT-
(B)(1) and (B)(2) shall be permitted.threaded fittings. Listed cable fittings that have metric

threads shall be permitted to be used. (1) All wiring methods permitted in 506.15(A)
(2) Fittings and boxes that are dusttight, provided with

506.15 Wiring Methods threaded bosses for connection to conduit, in which
Wiring methods shall maintain the integrity of the protection taps, joints, or terminal connections are not made, and
techniques and shall comply with 506.15(A), (B), or (C). are not used in locations where metal dust is present,

may be used
(A) Zone 20 In Zone 20 locations, the wiring methods in
(1) through (5) shall be permitted. (C) Zone 22 In Zone 22 locations, the wiring methods in

(1) through (8) shall be permitted.
(1) Threaded rigid metal conduit, or threaded steel interme-

diate metal conduit. (1) All wiring methods permitted in 506.15(B).
(2) Rigid metal conduit, intermediate metal conduit, electri-(2) Type MI cable with termination fittings listed for the

location. Type MI cable shall be installed and supported cal metallic tubing, dusttight wireways.
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506.16 Article 506 — Zone 20, 21, and 22 Locations for Combustible Dusts, Fibers, and Flyings

(3) Type MC or MI cable with listed termination fittings. 506.20 Equipment Installation
(4) Type PLTC in cable trays. (A) Zone 20 In Zone 20 locations, only equipment listed
(5) Type ITC in cable trays. and marked as suitable for the location shall be permitted.
(6) Type MC, MI, MV, or TC cable installed in ladder,

Exception: Intrinsically safe apparatus listed for use inventilated trough, or ventilated channel cable trays in
Class II, Division 1 locations with a suitable temperaturea single layer, with a space not less than the larger
class shall be permitted.cable diameter between two adjacent cables, shall be

the wiring method employed. Single conductor Type
(B) Zone 21 In Zone 21 locations, only equipment listed

MV cables shall be shielded or metallic armored.
and marked as suitable for the location shall be permitted.

(7) Nonincendive field wiring shall be permitted using any
of the wiring methods permitted for unclassified loca- Exception No. 1: Apparatus listed for use in Class II, Divi-

sion 1 locations with a suitable temperature class shall betions. Nonincendive field wiring systems shall be in-
stalled in accordance with the control drawing(s). permitted.
Simple apparatus, not shown on the control drawing, Exception No. 2: Pressurized equipment identified for Class
shall be permitted in a nonincendive field wiring circuit, II, Division 1 shall be permitted.
provided the simple apparatus does not interconnect the

(C) Zone 22 In Zone 22 locations, only equipment listednonincendive field wiring circuit to any other circuit.
and marked as suitable for the location shall be permitted.

FPN: Simple apparatus is defined in 504.2.
Exception No. 1: Apparatus listed for use in Class II, Divi-
sion 1 or Class II, Division 2 locations with a suitable
temperature class shall be permitted.Separation of nonincendive field wiring circuits shall

be in accordance with one of the following: Exception No. 2: Pressurized equipment identified for Class
a. Be in separate cables II, Division 1 or Division 2 shall be permitted.
b. Be in multiconductor cables where the conductors

(D) Manufacturer’s Instructions Electrical equipment in-of each circuit are within a grounded metal shield
stalled in hazardous (classified) locations shall be installedc. Be in multiconductor cables where the conductors
in accordance with the instructions (if any) provided by thehave insulation with a minimum thickness of 0.25
manufacturer.mm (0.01 in.)

(8) Boxes and fittings shall be dusttight. (E) Temperature The temperature marking specified in
506.9(C)(2)(5) shall comply with (E)(1) or (E)(2).

506.16 Sealing
(1) For combustible dusts, less than the lower of either

Where necessary to protect the ingress of combustible dust, the layer or cloud ignition temperature of the specific
or ignitible fibers, or flyings, or to maintain the type of combustible dust. For organic dusts that may dehydrate
protection, seals shall be provided. The seal shall be identi- or carbonize, the temperature marking shall not exceed
fied as capable of preventing the ingress of combustible dust the lower of either the ignition temperature or 165�C
or ignitible fibers or flyings and maintaining the type of (329�F).
protection but need not be explosionproof or flameproof. (2) For ignitible fibers or flyings, less than 165�C (329�F)

for equipment that is not subject to overloading, or
506.17 Flexible Cords 120�C (248�F) for equipment (such as motors or power
Flexible cords used in Zone 20, Zone 21, and Zone 22 transformers) that may be overloaded.
locations shall comply with all of the following:

FPN: See NFPA 499-2004, Recommended Practice for
the Classification of Combustible Dusts and of Hazard-(1) Be of a type listed for extra-hard usage
ous (Classified) Locations for Electrical Installations in(2) Contain, in addition to the conductors of the circuit, a
Chemical Processing Areas, for minimum ignition tem-

grounding conductor in complying with 400.23 peratures of specific dusts.
(3) Be connected to terminals or to supply conductors in

an approved manner 506.21 Multiwire Branch Circuits
(4) Be supported by clamps or by other suitable means in

In Zone 20 and Zone 21 locations, a multiwire branch circuit
such a manner to minimize tension on the terminal

shall not be permitted.
connections

(5) Be provided with suitable seals to prevent the entrance Exception: Where the disconnect device(s) for the circuit
opens all ungrounded conductors of the multiwire circuitof combustible dust, or ignitible fibers, or flyings where

the flexible cord enters boxes or fittings simultaneously.
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510.2Article 511 — Commercial Garages, Repair and Storage

because of deposits or accumulations of materials that may506.25 Grounding and Bonding
be readily ignitible.Grounding and bonding shall comply with Article 250 and

the requirements in 506.25(A) and 506.25(B).
510.2 General

(A) Bonding The locknut-bushing and double-locknut
The general rules of this Code and the provisions of Articlestypes of contacts shall not be depended on for bonding
500 through 504 shall apply to electric wiring and equipmentpurposes, but bonding jumpers with proper fittings or other
in occupancies within the scope of Articles 511 through 517,approved means of bonding shall be used. Such means of
except as such rules are modified in Articles 511 throughbonding shall apply to all intervening raceways, fittings,
517. Where unusual conditions exist in a specific occupancy,boxes, enclosures, and so forth, between Zone 20, Zone 21,
the authority having jurisdiction shall judge with respect toand Zone 22 locations and the point of grounding for service
the application of specific rules.equipment or point of grounding of a separately derived

system.
Some of the requirements contained in Articles 511 through

Exception: The specific bonding means shall be required 517 have been extracted from other NFPA codes and stan-
only to the nearest point where the grounded circuit conduc- dards. For example, Table 514.3(B)(1), Table 514.3(B)(2),
tor and the grounding electrode conductor are connected and Table 515.3 are extracted from NFPA 30A, Code for
together on the line side of the building or structure discon- Motor Fuel Dispensing Facilities and Repair Garages, and
necting means as specified in 250.32(A), (B), and (C), if the NFPA 30, Flammable and Combustible Liquids Code. The
branch side overcurrent protection is located on the load tables were developed by the NFPA Technical Committees
side of the disconnecting means. responsible for those documents. The documents were devel-

oped through the same process as the NEC; however, theFPN: See 250.100 for additional bonding requirements
National Electrical Code Committee is not directly responsi-in hazardous (classified) locations.
ble for the technical content of extracted material.

(B) Types of Equipment Grounding Conductors Where NFPA publishes a number of standards and recom-
flexible conduit is used as permitted in 506.15, it shall be mended practices that provide requirements or guidance on
installed with internal or external bonding jumpers in parallel the classification of hazardous locations in specific occupan-
with each conduit and complying with 250.102. cies. Information and copies of standards may be obtained

from NFPA, 1 Batterymarch Park, Quincy, MA 02169-7471.
Exception: In Zone 22 locations, the bonding jumper shall
be permitted to be deleted where all of the following condi-
tions are met:

ARTICLE 511
(1) Listed liquidtight flexible metal conduit 1.8 m (6 ft) or

Commercial Garages, Repairless in length, with fittings listed for grounding, is used.
(2) Overcurrent protection in the circuit is limited to 10 and Storage

amperes or less.
(3) The load is not a power utilization load.

Summary of Changes
• 511.3: Revised requirements on which areas are classified

ARTICLE 510 as Class I, Division 2 and the areas that are unclassified.

• 511.4(A): Deleted requirement for raceways embedded inHazardous (Classified)
a masonry wall or beneath the floor of a classified areaLocations — Specific
in a commercial garage to be considered as being within
the Class I location above the floor.

Contents
510.1 Scope
510.2 General

Contents
511.1 Scope510.1 Scope
511.3 Classifications of Locations

Articles 511 through 517 cover occupancies or parts of occu- (A) Unclassified Locations
pancies that are or may be hazardous because of atmospheric (B) Classified Locations
concentrations of flammable liquids, gases, or vapors, or

National Electrical Code Handbook 2005 741

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



511.1 Article 511 — Commercial Garages, Repair and Storage

is covered under the requirements of this article plus the
511.4 Wiring and Equipment in Class I Locations belowgrade work area classification requirements of Article

(A) Wiring Located in Class I Locations 514. See 511.3(A)(3) and its associated commentary.
(B) Equipment Located in Class I Locations Parking, storage, and similar occupancies are not re-

511.7 Wiring and Equipment Installed Above Class I quired to be classified, provided that any repair that occurs
Locations is minor and does not involve the use of electrical equipment.

(A) Wiring in Spaces Above Class I Locations In accordance with NFPA 88A, Standard for Parking Struc-
(B) Electrical Equipment Installed Above Class I tures, a mechanical ventilating system that is capable of

Locations continuously providing a ventilation rate of 1 ft3 per minute
511.9 Sealing for each square foot of floor area is required for all enclosed,

511.10 Special Equipment basement, and underground parking garages.
(A) Battery Charging Equipment Operations that involve open flames or electric arcs,
(B) Electric Vehicle Charging Equipment including fusion gas welding and electric welding, pre-

511.12 Ground-Fault Circuit-Interrupter Protection for viously were covered by NFPA 88B, Standard for Repair
Personnel Garages. The NFPA 88B requirements were incorporated

511.16 Grounded and Grounding Requirements into the 2003 edition of NFPA 30A, Code for Motor Fuel
(A) General Grounding Requirements Dispensing Facilities and Repair Garages, and NFPA 88B
(B) Supplying Circuits with Grounded and Grounding was withdrawn as a standard at the 2002 NFPA Fall Meeting.

Conductors in Class I Locations Repair work that involves an open flame or electric arcs
must be restricted to areas specifically provided for such
purposes.FPN: Rules that are followed by a reference in brackets

Approved suspended unit heaters may be used in com-contain text that has been extracted from NFPA 30A-
mercial garages, provided they are located not less than 82003, Code for Motor Fuel Dispensing Facilities and

Repair Garages. Only editorial changes were made to ft above the floor and are installed in accordance with the
the extracted text to make it consistent with this Code. conditions of their approval. This requirement also came

from NFPA 88B.
511.1 Scope For the 2005 Code, new Section 555.22 requires that

the electrical repair facilities for boats and other marine craftThese occupancies shall include locations used for service
and repair operations in connection with self-propelled vehi- comply with the requirements of Article 511.
cles (including, but not limited to, passenger automobiles,
buses, trucks, and tractors) in which volatile flammable liq-

511.3 Classifications of Locationsuids or flammable gases are used for fuel or power.

(A) Unclassified Locations
Article 100 defines garage as ‘‘a building or portion of a
building in which one or more self-propelled vehicles can Section 511.3 was reorganized in the 2005 Code to make

the classification of areas clearer. Unclassified locations arebe kept for use, sale, storage, rental, repair, exhibition, or
demonstration purposes.’’ Article 511 applies to commercial described in 511.3(A), and classified locations are found

in 511.3(B). The Technical Committee on Automotive andgarages in which the primary operation is the service and
repair of self-propelled vehicles that use flammable gases Marine Service Stations; NFPA 30A, Code for Motor Fuel

Dispensing Facilities and Repair Garages; and NEC Code-or liquids for fuel. The commercial garages covered by
Article 511 include automotive service centers; repair gar- Making Panel 14 have correlated and updated all the electri-

cal requirements between the 2002 Code and the 2005 Codeages for commercial vehicles, such as trucks and tractors;
and service garages for fleet vehicles, such as buses, cars, to eliminate any potential conflicts. Section 511.3 uses the

term transferred in place of the old terminology dispensingand trucks.
The requirements of Article 511 are intended to mitigate in determining the requirements for classifying locations

when a significant quantity of flammable or gaseous liquidsthe potential for an ignition-capable arc or spark from electri-
cal wiring or equipment used in or above hazardous (classi- will be exposed to the atmosphere by a motor vehicle repair

operation (e.g., major engine overhauls or repairs that requirefied) locations. Additionally, there are requirements for
personnel protection in occupancies that are frequently wet draining of the motor vehicle fuel tank). Minor repair gar-

ages, by definition under NFPA 30A, would not be permittedor damp in which service personnel are subject to contact
with large grounded surfaces, such as concrete slabs in direct to conduct such types of repair operations involving the

transfer of flammable or gaseous liquids and thus would notcontact with the earth. The increasing number of service
operations in which minor repairs, such as oil changes, occur require a classified location designation.
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511.3Article 511 — Commercial Garages, Repair and Storage

Section 511.3 correlates the type of repair garage with fied. Repair garages shall be permitted to be unclassified
when designed in accordance with 511.3(A)(2) throughthe NFPA 30A definitions for major and minor repair gar-

ages. The definitions from NFPA 30A are as follows: 511.3(A)(7).

Major Repair Garage. A building or portions of a FPN: For further information, see NFPA 88A-2002,
Standard for Parking Structures, and NFPA 30A-2003,building where major repairs, such as engine over-
Code for Motor Fuel Dispensing Facilities and Repairhauls, painting, body and fender work, and repairs that
Garages.

require draining of the motor vehicle fuel tank are
performed on motor vehicles, including associated (2) Alcohol-Based Windshield Washer Fluid The stor-
floor space used for offices, parking, or showrooms. age, handling, or dispensing into motor vehicles of alcohol-
[NFPA 30A-2003, 3.3.12.1] based windshield washer fluid in areas used for the service

and repair operations of the vehicles shall not cause suchMinor Repair Garage. A building or portions of a
areas to be classified as hazardous (classified) locations.building used for lubrication, inspection, and minor

automotive maintenance work, such as engine tune- FPN: For further information, see 8.3.5, Exception, of
ups, replacement of parts, fluid changes (e.g., oil, anti- NFPA 30A-2003, Code for Motor Fuel Dispensing Facil-

ities and Repair Garages.freeze, transmission fluid, brake fluid, air conditioning
refrigerants, etc.), brake system repairs, tire rotation,

(3) Specific Areas Adjacent to Classified Locations Ar-
and similar routine maintenance work, including asso-

eas adjacent to classified locations in which flammable va-
ciated floor space used for offices, parking, or show-

pors are not likely to be released, such as stock rooms,
rooms. [NFPA 30A-2003, 3.3.12.2]

switchboard rooms, and other similar locations, shall not be
classified where mechanically ventilated at a rate of four orThe term Class I liquid used in 511.3(A) and 511.3(B) refers
more air changes per hour, or designed with positive airto flammable liquids as defined in NFPA 30–2003, Flamma-
pressure, or where effectively cut off by walls or partitions.ble and Combustible Liquids Code. Gasoline is a common

Class I liquid, whereas diesel fuel, because of its flashpoint
being above 100�F, is classified as a Class II combustible Section 511.3(A)(3) provides guidance for determining the
liquid. The use of Class I, Class II, and Class III in NFPA classification of facilities that primarily offer oil and filter
30 for the classification of liquids has no direct correlation change and lubrication-type service, not the transfer of fuel.
to the use of Class I, Class II, and Class III in the NEC to If the lower-level work area of a lubritorium is provided
designate hazardous (classified) locations. with exhaust ventilation at a rate specified in Table

514.3(B)(1) under ‘‘Lubrication or Service Room — WithoutFlammable Liquid. Any liquid that has a closed-cup
Dispensing,’’ the lower level is not a hazardous (classified)flash point below 100�F (37.8�C), as determined by
location. Table 514.3(B)(1) is extracted from NFPA 30A,the test procedures and apparatus set forth in 1.7.4.
Code for Motor Fuel Dispensing Facilities and Repair Gar-Flammable liquids are classified as Class I as follows:
ages.Class I Liquid — any liquid that has a closed-cup

flash point below 100�F (37.8�C) and a Reid vapor
pressure not exceeding 40 psia (2068.6 mm Hg) at (4) Pits in Lubrication or Service Room Where Class I
100�F (37.8�C), as determined by ASTM D 323, Stan- Liquids Are Not Transferred Any pit, belowgrade work
dard Method of Test for Vapor Pressure of Petroleum area, or subfloor work area that is provided with exhaust
Products (Reid Method). Class I liquids are further ventilation at a rate of not less than 0.3 m3/min/m2 (1 cfm/
classified as follows: ft2) of floor area at all times that the building is occupied

or when vehicles are parked in or over this area and where1. Class IA liquids. Those liquids that have flash
exhaust air is taken from a point within 300 mm (12 in.) ofpoints below 73�F (22.8�C) and boiling points
the floor of the pit, belowgrade work area, or subfloor workbelow 100�F (37.8�C)
area is unclassified. [NFPA 30A:7.4.5.4 and Table 8.3.1]2. Class IB liquids. Those liquids that have flash

points below 73�F (22.8�C) and boiling points at
(5) Up to a Level of 450 mm (18 in.) Above the Floor in

or above 100�F (37.8�C);
Lubrication or Service Rooms Where Class I Liquids

3. Class IC liquids. Those liquids that have flash
Are Transferred For each floor, the entire area up to a

points at or above 73�F (22.8�C), but below 100�F
level of 450 mm (18 in.) above the floor shall be considered

(37.8�C). [NFPA 30-2003, 3.3.25.2]
unclassified where there is mechanical ventilation providing
a minimum of four air changes per hour or one cubic foot
per minute of exchanged air for each square foot of floor(1) Parking and Repair Garages. Parking garages used

for parking or storage shall be permitted to be unclassi- area. Ventilation shall provide for air exchange across the
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511.4 Article 511 — Commercial Garages, Repair and Storage

entire floor area, and exhaust air shall be taken at a point (3) Any Ventilated Pit or Depression Below Floor Level.
Any ventilated pit or depression in which six air changeswithin 0.3 m (12 in.) of the floor.
per hour are exhausted from a point within 300 mm (12

(6) Flammable Liquids Having Flash Points Below 38�C in.) of the floor level of the pit shall be a Class I,
(100�F) Where flammable liquids having a flash point Division 2 location.
below 38�C (100�F) (such as gasoline) or gaseous fuels (such (4) Space Above an Unventilated Pit or Depression Below
as natural gas, hydrogen, or LPG) will not be transferred, Floor Level. Above a pit, or depression below floor
such location shall be considered to be unclassified. unless level, the space up to 450 mm (18 in.) above the floor
the location is required to be classified in accordance with or grade level and 900 mm (3 ft) horizontally from a
511.3(B)(2) or (B)(4). lubrication pit shall be a Class I, Division 2 location.

(5) Dispenser for Class I Liquids, Other Than Fuels. Within
(7) Within 450 mm (18 in.) of the Ceiling In major repair 900 mm (3 ft) of any fill or dispensing point, extending
garages, where lighter-than-air gaseous fuels (such as natural in all directions shall be a Class I, Division 2 location.
gas or hydrogen) vehicles are repaired or stored, the area See also 511.3(B)(1).
within 450 mm (18 in.) of the ceiling shall be considered
unclassified where ventilation of at least 1 cfm/sq ft of

Section 511.3 was updated in the 2005 Code to addressceiling area taken from a point within 450 mm (18 in.) of
repair areas where gaseous-fueled vehicles, such as thosethe highest point in the ceiling is provided.
fueled by natural gas, hydrogen, or LPG, are serviced. It is
not the intent of the Code to assume that all repair garagesFPN: For further information on the definition of major

repair garage, see 3.3.12.1 of NFPA 30A-2003, Code for service gaseous-fueled vehicles. Only such repair garages
Motor Fuel Dispensing Facilities and Repair Garages. that intend to service such types of gaseous-fueled vehicles

need to comply with the requirements for gaseous fuels.
(B) Classified Locations

Note that the classified location requirements for gaseous-
(1) Flammable Fuel Dispensing Areas Areas in which fueled vehicles are based on LPG being a heavier-than-air
flammable fuel is dispensed into vehicle fuel tanks shall fuel, whereas natural gas and hydrogen are lighter-than-air
conform to Article 514. fuels.

(2) Lubrication or Service Room Where Class I Liquids (4) Within 450 mm (18 in.) of the Ceiling In major repair
or Gaseous Fuels (Such as Natural Gas, Hydrogen, or garages where lighter-than-air gaseous fuel (such as natural
LPG) Are Not Transferred The following spaces that are gas or hydrogen) vehicles are repaired or stored, ceiling
not designed in accordance with 511.3(A)(4) shall be classi- spaces that are not designed in accordance with 511.3(A)(7)
fied as Class I, Division 2: shall be classified as Class I, Division 2.

FPN: For further information on the definition of major(1) Entire area within any unventilated pit, belowgrade
repair garage, see 3.3.12.1 of NFPA 30A, 2003, Code forwork area, or subfloor area.
Motor Fuel Dispensing Facilities and Repair Garages.

(2) Area up to 450 mm (18 in.) above any such unventilated
pit, belowgrade work area, or subfloor work area and 511.4 Wiring and Equipment in
extending a distance of 900 mm (3 ft) horizontally from Class I Locations
the edge of any such pit, belowgrade work area, or (A) Wiring Located in Class I Locations Within Class I
subfloor work area. locations as classified in 511.3, wiring shall conform to

applicable provisions of Article 501.(3) Lubrication or Service Room Where Class I Liquids
or Gaseous Fuels (Such as Natural Gas, Hydrogen, or

In accordance with 511.3(B), specific area classification isLPG) Are Transferred The following spaces that are not
provided for lubrication and service rooms within a commer-designed in accordance with 511.3(A)(5) shall be classified
cial garage. The classified locations covered in 511.3(B)(2)as follows:
typically apply to minor repair garages, while the classified

(1) Up to a Level of 450 mm (18 in.) Above the Floor. For locations covered in 511.3(B)(3) typically apply to major
each floor, the entire area up to a level of 450 mm repair garages. [See the commentary on 511.3(A) for defini-
(18 in.) above the floor shall be a Class I, Division 2 tions of major and minor repair garages.]
location. The benchmark for distinguishing which classification

(2) Any Unventilated Pit or Depression Below Floor Level. to use and the extent of the classified area is whether there
Any unventilated pit or depression below floor level will be a transfer of Class I liquids or gaseous fuels. Transfer
shall be a Class I, Division 1 location and shall extend of liquids or gaseous fuels includes the draining of a fuel
up to said floor level.
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511.4Article 511 — Commercial Garages, Repair and Storage

tank that is inherent to a tank repair or replacement. In
accordance with 511.3(A)(4), (5), and (7), the need to estab-
lish classified locations can be mitigated through the use of
mechanical ventilation that meets the specified air exchange
parameters. Where it is established that there will be classi-
fied locations within a commercial garage, all applicable
requirements of Article 501 for installing wiring and equip-
ment in Class I, Division 1 and 2 locations of a commercial
garage must be followed.

In the 2002 and previous editions of the Code, raceways
installed under the Class I, Division 2 areas of a commercial
garage were considered to be in that classified location if
the raceway penetrated through the slab or floor and ex-
tended into the classified location, even if the extension
passed unbroken (without any fittings less than 12 in. from
the boundary) through the classified location and into an

Class I area

≥ 12 in.

≥ 12 in.

≥ 12 in.

Unclassified area

Unclassified area

≥ 12 in.

unclassified location. This below-floor classification is no
longer required based on the substantiation that there is

Exhibit 511.1 Seals not required for conduits that pass unbrokentypically a very low volume of air in the underground loca-
through the Class I location.tions and the air–fuel mixture is below the lower flammable

limit (LFL), in other words, too lean to burn or ignite.
It should be noted that the general rules of 501.15(A)(4)

Where mechanical ventilation is provided in the dis-
and (B)(2) on providing seals at classified location bound-

pensing area, the control shall be interlocked so that the
aries do apply where raceway installations in a commercial

dispenser cannot operate without ventilation, as prescribed
garage pass from classified to unclassified locations and

in 500.5(B)(2).
conduit fittings, outlet boxes, or both are installed less than
12 in. from either side of the boundary. In accordance with

See Figure 514.3 in the Code and Exhibit 514.1 for informa-501.15(A)(4) Exception No. 4, where a raceway runs from a
tion on classified areas in the vicinity of dispensing units.Class I, Division 1 location into an underground unclassified

location and then emerges from below ground into an unclas-
(2) Portable Lighting Equipment Portable lighting equip-sified location, the boundary seal is permitted to be located

more than 10 ft from the actual boundary, provided the seal ment shall be equipped with handle, lampholder, hook, and
substantial guard attached to the lampholder or handle. Allis located at the point the conduit emerges from below grade

into the unclassified location. The seal and, if necessary, an exterior surfaces that might come in contact with battery
terminals, wiring terminals, or other objects shall be of non-associated explosionproof union are required to be the first

fitting(s) at the point the conduit emerges from below ground conducting material or shall be effectively protected with
insulation. Lampholders shall be of an unswitched type andinto the unclassified location.

Exhibit 511.1 depicts two receptacle outlet enclosures shall not provide means for plug-in of attachment plugs.
The outer shell shall be of molded composition or otherthat are located at least 12 in. above an area that has been

classified as Class I. The rigid metal conduit passes unbroken suitable material. Unless the lamp and its cord are supported
or arranged in such a manner that they cannot be used infrom the outlet boxes through the Class I location into the

unclassified underground location beneath the floor. The con- the locations classified in 511.3, they shall be of a type
identified for Class I, Division 1 locations.duit coupling is located 12 in. or more from the penetration

into the classified location. No seals are required for this in-
stallation in accordance with 501.15(A)(4) Exception No. 1. Often, a reel-type portable handlamp is used for supplemen-

tal lighting during vehicle servicing. See Exhibit 511.2 for
an illustration of a cord reel assembly.(B) Equipment Located in Class I Locations Within

Where there is no transfer of flammable liquids to vehi-Class I locations as defined in 511.3, equipment shall con-
cle fuel tanks but there is use of electrical diagnostic equip-form to applicable provisions of Article 501.
ment, electrically operated tools or machinery, or open

(1) Fuel-Dispensing Units Where fuel-dispensing units flames such as used for welding or cutting, the area must
(other than liquid petroleum gas, which is prohibited) are be classified in accordance with 511.3. Fuel dispensing units
located within buildings, the requirements of Article 514 located within the garage are governed by the requirements
shall govern.
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511.7 Article 511 — Commercial Garages, Repair and Storage

Exhibit 511.2 Cord reel. This cord, which is part of a portable
lamp assembly, must be arranged so that the lamp cannot be
used in a Class I location. Otherwise, the lamp must be an
explosionproof type approved for Class I, Division 1 hazardous
locations. (Courtesy of Appleton Electric Co., EGS Electrical
Group)

of Article 514.
In accordance with 511.3(A) and (B), the Class I, Divi-

sion 2 location above grade within a commercial garage in
which Class I liquids or gaseous fuels are transferred extends
18 in. above floor level, unless the authority having jurisdic-
tion determines otherwise because mechanical ventilation
provides at least four air changes per hour.

The Class I, Division 1 location below grade extends
from the floor of the pit or depression to floor level, unless
the authority having jurisdiction permits the pit or depression
to be classified as Class I, Division 2 because ventilation
providing at least six air changes per hour exhausts air at

Roof

Floor

Unclassified
location

No openings

Roof

Commercial garage

Commercial garage (ventilated)

Stockroom

Doorway

Doorway

Unclassified
location

Office

Door sill not less
than 18 in. above

garage floor

Floor

18 in.

Pit or depression

Pit or depression

At least
6 air

changes
per hour

at pit floor

Unclassified location
above floor

At least
4 air

changes
per hour

18 in.

Division 1 Division 2

No repair of lighter-
than-air gaseous fuel

vehicles occurs 
in repair area

Transfer of
Class I liquids
or gaseous fuels
occurs in 
repair area

Classification of ceiling
area required

if lighter-than-air
gaseous fuel vehicles 

are repaired

Transfer of Class I
liquids occurs in

repair area

the floor level of the pit or depression. Areas suitably cut
off and areas adjacent to unclassified, ventilated garages Exhibit 511.3 Classification of locations in commercial garages.
are not classified as hazardous. See Exhibit 511.3 for an
illustration of classified and unclassified locations in a com- is necessary to ensure that an ignition-capable arc or spark
mercial garage. does not migrate into the classified location. Wiring installed

above unclassified areas can be selected from the methods
covered in Chapter 3, provided the article covering that511.7 Wiring and Equipment Installed Above
wiring method does not contain any restrictions that wouldClass I Locations
limit its use in commercial garages.

For the installation of electrical wiring in areas above those
designated by 511.3(B) as Class I locations, 511.7 specifies (A) Wiring in Spaces Above Class I Locations
the types of raceway and cable systems that are allowed. The

(1) Fixed Wiring Above Class I Locations All fixed wir-integrity of the wiring system above the classified location
ing above Class I locations shall be in metal raceways, rigid

2005 National Electrical Code Handbook746

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



511.16Article 511 — Commercial Garages, Repair and Storage

nonmetallic conduit, electrical nonmetallic tubing, flexible 511.10(B)(2) and (B)(3). Flexible cords shall be of a type
identified for extra-hard usage.metal conduit, liquidtight flexible metal conduit, or liq-

uidtight flexible nonmetallic conduit, or shall be Type MC,
(2) Connector Location No connector shall be locatedAC, MI, manufactured wiring systems, or PLTC cable in
within a Class I location as defined in 511.3.accordance with Article 725, or Type TC cable or Type ITC

cable in accordance with Article 727. Cellular metal floor (3) Plug Connections to Vehicles Where the cord is sus-
raceways or cellular concrete floor raceways shall be permit- pended from overhead, it shall be arranged so that the lowest
ted to be used only for supplying ceiling outlets or extensions point of sag is at least 150 mm (6 in.) above the floor. Where
to the area below the floor, but such raceways shall have an automatic arrangement is provided to pull both cord and
no connections leading into or through any Class I location plug beyond the range of physical damage, no additional
above the floor. connector shall be required in the cable or at the outlet.

(2) Pendant For pendants, flexible cord suitable for the
511.12 Ground-Fault Circuit-Interruptertype of service and listed for hard usage shall be used.
Protection for Personnel

(B) Electrical Equipment Installed Above Class I Loca-
All 125-volt, single-phase, 15- and 20-ampere receptacles

tions
installed in areas where electrical diagnostic equipment,

(1) Fixed Electrical Equipment Electrical equipment in a electrical hand tools, or portable lighting equipment are to
fixed position shall be located above the level of any defined be used shall have ground-fault circuit-interrupter protection
Class I location or shall be identified for the location. for personnel.

(a) Arcing Equipment. Equipment that is less than 3.7
Ground-fault circuit interrupters (GFCIs) intended to protectm (12 ft) above the floor level and that may produce arcs,
personnel from shock hazards are designed to trip when asparks, or particles of hot metal, such as cutouts, switches,
ground-fault current of 5 milliamperes (plus or minus 1 mA)charging panels, generators, motors, or other equipment (ex-
or greater is detected. The GFCI necessary to comply withcluding receptacles, lamps, and lampholders) having make-
the requirement in 511.12 may be either a receptacle typeand-break or sliding contacts, shall be of the totally enclosed
or a circuit-breaker type. This requirement applies to recepta-type or constructed so as to prevent the escape of sparks or
cles supplying specific types of utilization equipment thathot metal particles.
will be in use by repair personnel in environments where(b) Fixed Lighting. Lamps and lampholders for fixed
the floor surface (typically, concrete slabs with direct orlighting that is located over lanes through which vehicles
indirect earth contact) and the possibility of dampness orare commonly driven or that may otherwise be exposed to
even standing water increase the potential for electric shock.physical damage shall be located not less than 3.7 m (12 ft)

See the definition of ground-fault circuit interrupter inabove floor level, unless of the totally enclosed type or
Article 100; also see Exhibit 210.11 and Exhibit 210.12.constructed so as to prevent escape of sparks or hot metal

particles.

511.16 Grounded and Grounding Requirements511.9 Sealing
(A) General Grounding Requirements All metal race-Seals conforming to the requirements of 501.15 and
ways, the metal armor or metallic sheath on cables, and501.15(B)(2) shall be provided and shall apply to horizontal
all non–current-carrying metal parts of fixed or portableas well as vertical boundaries of the defined Class I locations.
electrical equipment, regardless of voltage, shall be
grounded as provided in Article 250.

Seals are required if any part of the raceway is in or passes
through a Class I, Division 2 location. See the commentary (B) Supplying Circuits with Grounded and Grounding
on seals following 501.15(F)(3). Conductors in Class I Locations Grounding in Class I

locations shall comply with 501.30.

511.10 Special Equipment (1) Circuits Supplying Portable Equipment or Pen-
dants Where a circuit supplies portables or pendants and(A) Battery Charging Equipment Battery chargers and
includes a grounded conductor as provided in Article 200,their control equipment, and batteries being charged, shall
receptacles, attachment plugs, connectors, and similar de-not be located within locations classified in 511.3.
vices shall be of the grounding type, and the grounded con-

(B) Electric Vehicle Charging Equipment ductor of the flexible cord shall be connected to the screw
shell of any lampholder or to the grounded terminal of any(1) General All electrical equipment and wiring shall be

installed in accordance with Article 625, except as noted in utilization equipment supplied.
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513.1 Article 513 — Aircraft Hangars

(2) Approved Means Approved means shall be provided
(D) Mobile Servicing Equipment with Electricfor maintaining continuity of the grounding conductor be-

Componentstween the fixed wiring system and the non–current-carrying
(E) Portable Equipmentmetal portions of pendant luminaires (fixtures), portable

513.12 Ground-Fault Circuit-Interrupter Protection forlamps, and portable utilization equipment.
Personnel

513.16 Grounded and Grounding Requirements
(A) General Grounding RequirementsARTICLE 513
(B) Supplying Circuits with Grounded and Grounding

Aircraft Hangars Conductors in Class I Locations

Summary of Changes 513.1 Scope
• 513.8(B): Added requirement covering area classification This article shall apply to buildings or structures in any part

for raceways embedded in or buried beneath a hangar of which aircraft containing Class I (flammable) liquids or
floor. Class II (combustible) liquids whose temperatures are above

their flash points are housed or stored and in which aircraft• 513.12: Added requirement for GFCI protection of 125-
might undergo service, repairs, or alterations. It shall notvolt, 15- and 20-ampere receptacles that supply diagnostic
apply to locations used exclusively for aircraft that haveequipment, electric hand tools, or portable lighting equip-
never contained fuel or unfueled aircraft.ment. Applies only to those receptacles that are a part of

the 50/60 Hz distribution system.

The scope of Article 513 clarifies that it is not necessary to
classify areas in which the only fuel contained in the aircraft
is a Class II combustible liquid, unless the fuel is going toContents
be used or stored above its flash point. A Class II liquid has

513.1 Scope a closed-cup flash point at or above 100�F. See the definition
513.2 Definitions of combustible liquid in NFPA 30, Flammable and Combus-
513.3 Classification of Locations tible Liquids Code. Some aviation fuel, such as that used in

(A) Below Floor Level jet engines, is a Class II combustible liquid. An aircraft
(B) Areas Not Cut Off or Ventilated manufacturing plant in which the aircraft under construction
(C) Vicinity of Aircraft have never contained fuel is an example of a facility that is
(D) Areas Suitably Cut Off and Ventilated not covered by the requirements of Article 513.

513.4 Wiring and Equipment in Class I Locations For further information, see NFPA 409, Standard on
(A) General Aircraft Hangars.
(B) Stanchions, Rostrums, and Docks

513.7 Wiring and Equipment Not Installed in Class I
FPN No. 1: For definitions of aircraft hangar and unfu-Locations
eled aircraft, see NFPA 409-2004, Standard on Aircraft(A) Fixed Wiring Hangars.

(B) Pendants FPN No. 2: For further information on fuel classification
(C) Arcing Equipment see NFPA 30-2003, Flammable and Combustible Liquids
(D) Lampholders Code.
(E) Stanchions, Rostrums, or Docks

513.2 Definitions(F) Mobile Stanchions
513.8 Underground Wiring For the purpose of this article, the following definitions shall

(A) Wiring and Equipment Embedded, Under Slab, or apply.
Under Ground

(B) Uninterrupted Raceways, Embedded, Under Slab, The definitions in 513.2 apply only to the portable and
or Underground mobile equipment covered in Article 513.

513.9 Sealing
513.10 Special Equipment

Mobile Equipment. Equipment with electric components(A) Aircraft Electrical Systems
suitable to be moved only with mechanical aids or is pro-(B) Aircraft Battery Charging and Equipment
vided with wheels for movement by person(s) or powered(C) External Power Sources for Energizing Aircraft
devices.
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513.3Article 513 — Aircraft Hangars

Portable Equipment. Equipment with electric components (5 ft) above the upper surface of wings and of engine
enclosures.suitable to be moved by a single person without mechanical

aids.

To properly classify the area in accordance with 513.3(C),
513.3 Classification of Locations it is necessary to obtain information on the aircraft parking

patterns, the types of aircraft, and the operations to be per-(A) Below Floor Level Any pit or depression below the
level of the hangar floor shall be classified as a Class I, formed in the hangar. See Exhibit 513.1 for area classifica-

tion in aircraft hangars.Division 1 or Zone 1 location that shall extend up to said
floor level. Consideration of future changes in aircraft types and

locations is appropriate to avoid the need for costly wiring
(B) Areas Not Cut Off or Ventilated The entire area of and equipment alterations as a result of changes in the area
the hangar, including any adjacent and communicating areas classification.
not suitably cut off from the hangar, shall be classified as
a Class I, Division 2 or Zone 2 location up to a level 450

(D) Areas Suitably Cut Off and Ventilated Adjacentmm (18 in.) above the floor.
areas in which flammable liquids or vapors are not likely
to be released, such as stock rooms, electrical control rooms,(C) Vicinity of Aircraft The area within 1.5 m (5 ft) hori-

zontally from aircraft power plants or aircraft fuel tanks hall and other similar locations, shall not be classified where
adequately ventilated and where effectively cut off from thebe classified as a Class I, Division 2 or Zone 2 locations

that shall extend upward from the floor to a level 1.5 m hangar itself by walls or partitions.

Exhibit 513.1 Area classifica-
tion in aircraft hangars.

Pit

Arc-producing equipment
used in this location must
be designed to prevent

escape of sparks.

5 ft

5 ft

5 ft

5 ft

18-in. hazardous area 18 in.

5 ft

10 ft

Division 1 Division 2

Unclassified 
location

Unclassified 
location
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513.4 Article 513 — Aircraft Hangars

in any position shall comply with 513.4(B). Receptacles and513.4 Wiring and Equipment in
attachment plugs shall be of a locking type that will notClass I Locations
readily disconnect.(A) General All wiring and equipment that is or may be

installed or operated within any of the Class I locations (F) Mobile Stanchions Mobile stanchions with electric
defined in 513.3 shall comply with the applicable provisions equipment complying with 513.7(E) shall carry at least one
of Article 501 or Article 505 for the division or zone in permanently affixed warning sign with the following words
which they are used. or equivalent:

Attachment plugs and receptacles in Class I locations
WARNING

shall be identified for Class I locations or shall be designed KEEP 5 FT CLEAR OF AIRCRAFT
such that they cannot be energized while the connections ENGINES AND FUEL TANK AREAS
are being made or broken.

or
(B) Stanchions, Rostrums, and Docks Electric wiring,

WARNINGoutlets, and equipment (including lamps) on or attached to
KEEP 1.5 METERS CLEAR OF AIRCRAFT

stanchions, rostrums, or docks that are located or likely to ENGINES AND FUEL TANK AREAS
be located in a Class I location, as defined in 513.3(C), shall
comply with the applicable provisions of Article 501 or 513.8 Underground Wiring
Article 505 for the division or zone in which they are used. (A) Wiring and Equipment Embedded, Under Slab, or

Under Ground All wiring installed in or under the hangar
513.7 Wiring and Equipment Not Installed in floor shall comply with the requirements for Class I, Division
Class I Locations 1 locations. Where such wiring is located in vaults, pits, or
(A) Fixed Wiring All fixed wiring in a hangar but not ducts, adequate drainage shall be provided.
installed in a Class I location as classified in 513.3 shall be

(B) Uninterrupted Raceways, Embedded, Under Slab,installed in metal raceways or shall be Type MI, TC, or MC
or Under Ground Uninterrupted raceways that are embed-cable.
ded in a hangar floor or buried beneath the hangar floor

Exception: Wiring in unclassified locations, as described in shall be considered to be within the Class I location above the
513.3(D), shall be permitted to be any suitable type wiring floor, regardless of the point at which the raceway descends
method recognized in Chapter 3. below or rises above the floor.

(B) Pendants For pendants, flexible cord suitable for the
Section 513.8(B) was added to the 2005 Code to clarify thattype of service and identified for hard usage or extra-hard
raceways embedded in the hangar floor or buried below theusage shall be used. Each such cord shall include a separate
floor are considered to be in a hazardous (classified) locationequipment grounding conductor.
above the floor. Raceways that rise out of the floor in unclas-

(C) Arcing Equipment In locations above those described sified locations must be provided with boundary seals in
in 513.3, equipment that is less than 3.0 m (10 ft) above accordance with 501.15.
wings and engine enclosures of aircraft and that may produce
arcs, sparks, or particles of hot metal, such as lamps and

513.9 Sealinglampholders for fixed lighting, cutouts, switches, recepta-
Seals shall be provided in accordance with 501.15 or 505.16,cles, charging panels, generators, motors, or other equipment
as applicable. Sealing requirements specified shall apply tohaving make-and-break or sliding contacts, shall be of the
horizontal as well as to vertical boundaries of the definedtotally enclosed type or constructed so as to prevent the
Class I locations.escape of sparks or hot metal particles.

Exception: Equipment in areas described in 513.3(D) shall 513.10 Special Equipment
be permitted to be of the general-purpose type. (A) Aircraft Electrical Systems

(D) Lampholders Lampholders of metal-shell, fiber-lined (1) De-energizing Aircraft Electrical Systems Aircraft
types shall not be used for fixed incandescent lighting. electrical systems shall be de-energized when the aircraft is

stored in a hangar and, whenever possible, while the aircraft
(E) Stanchions, Rostrums, or Docks Where stanchions,

is undergoing maintenance.
rostrums, or docks are not located or likely to be located in
a Class I location, as defined in 513.3(C), wiring and equip- (2) Aircraft Batteries Aircraft batteries shall not be

charged where installed in an aircraft located inside or par-ment shall comply with 513.7, except that such wiring and
equipment not more than 457 mm (18 in.) above the floor tially inside a hangar.
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513.16Article 513 — Aircraft Hangars

or(B) Aircraft Battery Charging and Equipment Battery
chargers and their control equipment shall not be located or

WARNING
operated within any of the Class I locations defined in 513.3 KEEP 1.5 METERS CLEAR OF AIRCRAFT ENGINES
and shall preferably be located in a separate building or in AND FUEL TANK AREAS
an area such as defined in 513.3(D). Mobile chargers shall

(2) Cords and Connectors Flexible cords for mobilecarry at least one permanently affixed warning sign with the
equipment shall be suitable for the type of service and identi-following words or equivalent:
fied for extra-hard usage and shall include an equipmentWARNING
grounding conductor. Attachment plugs and receptacles shallKEEP 5 FT CLEAR OF AIRCRAFT ENGINES

AND FUEL TANK AREAS be identified for the location in which they are installed and
shall provide for connection of the equipment grounding

or
conductor.

WARNING
KEEP 1.5 METERS CLEAR OF AIRCRAFT (3) Restricted Use Equipment that is not identified as suit-

ENGINES AND FUEL TANK AREAS able for Class I, Division 2 locations shall not be operated
in locations where maintenance operations likely to releaseTables, racks, trays, and wiring shall not be located
flammable liquids or vapors are in progress.within a Class I location and, in addition, shall comply with

Article 480.
(E) Portable Equipment

(C) External Power Sources for Energizing Aircraft (1) Portable Lighting Equipment Portable lighting equip-
(1) Not Less Than 450 mm (18 in.) Above Floor Aircraft ment that is used within a hangar shall be identified for the
energizers shall be designed and mounted such that all elec- location in which they are used. For portable lamps, flexible
tric equipment and fixed wiring will be at least 450 mm (18 cord suitable for the type of service and identified for extra-
in.) above floor level and shall not be operated in a Class I hard usage shall be used. Each such cord shall include a
location as defined in 513.3(C). separate equipment grounding conductor.

(2) Marking for Mobile Units Mobile energizers shall (2) Portable Utilization Equipment Portable utilization
carry at least one permanently affixed warning sign with the

equipment that is or may be used within a hangar shall be
following words or equivalent:

of a type suitable for use in Class I, Division 2 or Zone 2
WARNING locations. For portable utilization equipment, flexible cord

KEEP 5 FT CLEAR OF AIRCRAFT suitable for the type of service and approved for extra-hardENGINES AND FUEL TANK AREAS
usage shall be used. Each such cord shall include a separate

or equipment grounding conductor.
WARNING

KEEP 1.5 METERS CLEAR OF AIRCRAFT 513.12 Ground-Fault Circuit-Interrupter
ENGINES AND FUEL TANK AREAS Protection for Personnel

(3) Cords Flexible cords for aircraft energizers and ground All 125-volt, 50/60 Hz, single phase, 15- and 20-ampere
support equipment shall be identified for the type of service receptacles installed in areas where electrical diagnostic
and extra-hard usage and shall include an equipment ground- equipment, electrical hand tools, or portable lighting equip-
ing conductor. ment are to be used shall have ground-fault circuit-

interrupter protection for personnel.(D) Mobile Servicing Equipment with Electric Compo-
nents

Section 513.12 was added to the 2005 Code to require all(1) General Mobile servicing equipment (such as vacuum
125-volt, 50/60-Hz, single-phase, 15- to 20-ampere recepta-cleaners, air compressors, air movers) having electric wiring
cles to be provided with ground-fault protection for person-and equipment not suitable for Class I, Division 2 or Zone
nel in locations where electrical tools and diagnostic2 locations shall be so designed and mounted that all such
equipment are used. GFCI protection is not required onfixed wiring and equipment will be at least 450 mm (18 in.)
circuits supplied by 400 Hz and higher.above the floor. Such mobile equipment shall not be operated

within the Class I location defined in 513.3(C) and shall
carry at least one permanently affixed warning sign with the

513.16 Grounded and Grounding Requirementsfollowing words or equivalent:
(A) General Grounding Requirements All metal race-WARNING
ways, the metal armor or metallic sheath on cables, andKEEP 5 FT CLEAR OF AIRCRAFT ENGINES

AND FUEL TANK AREAS all non–current-carrying metal parts of fixed or portable
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514.1 Article 514 — Motor Fuel Dispensing Facilities

electrical equipment, regardless of voltage, shall be
514.9 Sealinggrounded as provided in Article 250. Grounding in Class I

(A) At Dispenserlocations shall comply with 501.30 for Class I, Division 1
(B) At Boundaryand 2 locations and 505.25 for Class I, Zone 0, 1, and 2

514.11 Circuit Disconnectslocations.
(A) General
(B) Attended Self-Service Motor Fuel Dispensing(B) Supplying Circuits with Grounded and Grounding

FacilitiesConductors in Class I Locations
(C) Unattended Self-Service Motor Fuel Dispensing(1) Circuits Supplying Portable Equipment or Pen-

Facilitiesdants Where a circuit supplies portables or pendants and
514.13 Provisions for Maintenance and Service ofincludes a grounded conductor as provided in Article 200,

Dispensing Equipmentreceptacles, attachment plugs, connectors, and similar de-
514.16 Groundingvices shall be of the grounding type, and the grounded con-

ductor of the flexible cord shall be connected to the screw
shell of any lampholder or to the grounded terminal of any FPN: Rules that are followed by a reference in brackets
utilization equipment supplied. contain text that has been extracted from NFPA 30A-

2003, Code for Motor Fuel Dispensing Facilities and
(2) Approved Means Approved means shall be provided Repair Garages. Only editorial changes were made to
for maintaining continuity of the grounding conductor be- the extracted text to make it consistent with this Code.
tween the fixed wiring system and the non–current-carrying
metal portions of pendant luminaires (fixtures), portable 514.1 Scope
lamps, and portable utilization equipment. This article shall apply to motor fuel dispensing facilities,

marine/motor fuel dispensing facilities, motor fuel dispens-
ing facilities located inside buildings, and fleet vehicle motor
fuel dispensing facilities.ARTICLE 514

Motor Fuel Dispensing Facilities The title of Article 514 was revised for the 2002 Code to
encompass all locations where volatile flammable liquids or
gases are dispensed into the fuel tanks of self-propelledSummary of Changes
vehicles or other approved fuel tanks. For the 2005 Code,• 514.1: Revised scope to include marine motor fuel dis-
the scope has been revised to include dispensing at marinepensing facilities.
facilities such as marinas and boatyards. The phrase ‘‘ap-

• 514.2: Revised definition of motor fuel dispensing facility proved containers’’ covers portable gasoline containers and
to include facilities that serve marine craft. is also intended to apply to dispensing locations for liquefied

• 514.8: Revised to specify where sealing is required for petroleum gas (LPG), including those locations that do not
underground installations below classified locations in- serve self-propelled vehicles. The popularity of outdoor
stead of defining the underground area as a hazardous cooking appliances using LPG has resulted in a marked
(classified) location. increase in portable-container dispensing sites. Electrical area

classification for these sites is specified in Table 514.3(B)(2).• 514.13: Revised to require that the dispensing device dis-
connecting means be capable of being locked in the open
position.

FPN: For further information regarding safeguards for
motor fuel dispensing facilities, see NFPA 30A-2003,
Code for Motor Fuel Dispensing Facilities and Repair
Garages.

Contents
514.1 Scope 514.2 Definition
514.2 Definition Motor Fuel Dispensing Facility. That portion of a property
514.3 Classification of Locations where motor fuels are stored and dispensed from fixed equip-

(A) Unclassified Locations ment into the fuel tanks of motor vehicles or marine craft
(B) Classified Locations or into approved containers, including all equipment used

514.4 Wiring and Equipment Installed in Class I Locations in connection therewith. [NFPA 30A:3.3.11]
514.7 Wiring and Equipment Above Class I Locations

FPN: Refer to Articles 510 and 511 with respect to elec-514.8 Underground Wiring
tric wiring and equipment for other areas used as lubritori-
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514.3Article 514 — Motor Fuel Dispensing Facilities

ums, service rooms, repair rooms, offices, salesrooms, extend beyond an unpierced wall, roof, or other solid parti-
compressor rooms, and similar locations. tion. [NFPA 30A:8.1, 8.3]

514.3 Classification of Locations (2) Compressed Natural Gas, Liquefied Natural Gas,
and Liquefied Petroleum Gas Areas Table 514.3(B)(2)(A) Unclassified Locations Where the authority having ju-

risdiction can satisfactorily determine that flammable liquids shall be used to delineate and classify areas where com-
pressed natural gas (CNG), liquefied natural gas (LNG),having a flash point below 38�C (100�F), such as gasoline,

will not be handled, such location shall not be required to or liquefied petroleum gas (LPG) are stored, handled, or
dispensed. Where CNG or LNG dispensers are installedbe classified.
beneath a canopy or enclosure, either the canopy or the

(B) Classified Locations enclosure shall be designed to prevent accumulation or en-
trapment of ignitible vapors, or all electrical equipment in-(1) Class I Locations Table 514.3(B)(1) shall be applied

where Class I liquids are stored, handled, or dispensed and stalled beneath the canopy or enclosure shall be suitable for
Class I, Division 2 hazardous (classified) locations. Dispens-shall be used to delineate and classify motor fuel dispensing

facilities and commercial garages as defined in Article 511. ing devices for liquefied petroleum gas shall be located
notless than 1.5 m (5 ft) from any dispensing device forTable 515.3 shall be used for the purpose of delineating and

classifying aboveground tanks. A Class I location shall not Class I liquids. [NFPA 30A:12.1, 12.4, 12.5]

Table 514.3(B)(1) Class I Locations — Motor Fuel Dispensing Facilities

Class I, Group D
Location Division Extent of Classified Location1

Underground Tank
Fill opening 1 Any pit or box below grade level, any part of which is within the Division 1 or

Division 2, Zone 1 or Zone 2 classified location
2 Up to 450 mm (18 in.) above grade level within a horizontal radius of 3.0 m (10

ft) from a loose fill connection and within a horizontal radius of 1.5 m (5 ft)
from a tight fill connection

Vent — discharging upward 1 Within 900 mm (3 ft) of open end of vent, extending in all directions
2 Space between 900 mm (3 ft) and 1.5 m (5 ft) of open end of vent, extending in

all directions

Dispensing Device2,5

(except overhead type)3

Pits 1 Any pit or box below grade level, any part of which is within the Division 1 or
Division 2, Zone 1 or Zone 2 classified location

FPN: Space classification inside the dispenser enclosure is covered in ANSI/UL 87-1995,Dispenser
Power Operated Dispensing Devices for Petroleum Products.

2 Within 450 mm (18 in.) horizontally in all directions extending to grade from
the dispenser enclosure or that portion of the dispenser enclosure containing
liquid-handling components

FPN: Space classification inside the dispenser enclosure is covered in ANSI/UL 87-1995,
Power Operated Dispensing Devices for Petroleum Products.

Outdoor 2 Up to 450 mm (18 in.) above grade level within 6.0 m (20 ft) horizontally of
any edge of enclosure.

Indoor 2 Up to 450 mm (18 in.) above grade or floor level within 6.0 m (20 ft) horizontally
with mechanical ventilation of any edge of enclosure
with gravity ventilation 2 Up to 450 mm (18 in.) above grade or floor level within 7.5 m (25 ft) horizontally

of any edge of enclosure

Dispensing Device5

Overhead type3 1 The space within the dispenser enclosure, and all electrical equipment integral
with the dispensing hose or nozzle

2 A space extending 450 mm (18 in.) horizontally in all directions beyond the
enclosure and extending to grade

2 Up to 450 mm (18 in.) above grade level within 6.0 m (20 ft) horizontally
measured from a point vertically below the edge of any dispenser enclosure

(continues)
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514.3 Article 514 — Motor Fuel Dispensing Facilities

Table 514.3(B)(1) Continued

Class I, Group D
Location Division Extent of Classified Location1

Remote Pump — Outdoor 1 Any pit or box below grade level if any part is within a horizontal distance of
3.0 m (10 ft) from any edge of pump

2 Within 900 mm (3 ft) of any edge of pump, extending in all directions. Also up
to 450 mm (18 in.) above grade level within 3.0 m (10 ft) horizontally from
any edge of pump

Remote Pump — Indoor 1 Entire space within any pit
2 Within 1.5 m (5 ft) of any edge of pump, extending in all directions. Also up to

900 mm (3 ft) above grade level within 7.5 m (25 ft) horizontally from any
edge of pump

Lubrication or Service Room — 2 Entire area within any pit used for lubrication or similar services where Class I
Without Dispensing liquids may be released

2 Area up to 450 mm (18 in.) above any such pit and extending a distance of 900
mm (3 ft) horizontally from any edge of the pit

2 Entire unventilated area within any pit, belowgrade area, or subfloor area
2 Area up to 450 mm (18 in.) above any such unventilated pit, belowgrade work

area, or subfloor work area and extending a distance of 900 mm (3 ft)
horizontally from the edge of any such pit, belowgrade work area, or subfloor
work area

Unclassified Any pit, belowgrade work area, or subfloor work area that is provided with
exhaust ventilation at a rate of not less than 0.3 m3/min/m2 (1 cfm/ft2) of floor
area at all times that the building is occupied or when vehicles are parked in
or over this area and where exhaust air is taken from a point within 300 mm
(12 in.) of the floor of the pit, belowgrade work area, or subfloor work area

Special Enclosure Inside 1 Entire enclosure
Building4

Sales, Storage, and Rest Rooms Unclassified If there is any opening to these rooms within the extent of a Division 1 location,
the entire room shall be classified as Division 1

Vapor Processing Systems Pits 1 Any pit or box below grade level, any part of which is within a Division 1 or
Division 2 classified location or that houses any equipment used to transport
or process vapors

Vapor Processing Equipment 2 Within any protective enclosure housing vapor processing equipment
Located Within Protective
Enclosures
FPN: See 10.1.7 of NFPA 30A-
2003, Code for Motor Fuel
Dispensing Facilities and Repair
Garages.

Vapor Processing Equipment 2 The space within 450 mm (18 in.) in all directions of equipment containing
Not Within Protective flammable vapor or liquid extending to grade level. Up to 450 mm (18 in.)
Enclosures (excluding piping above grade level within 3.0 m (10 ft) horizontally of the vapor processing
and combustion devices) equipment

Equipment Enclosures 1 Any space within the enclosure where vapor or liquid is present under normal
operating conditions

Vacuum-Assist Blowers 2 The space within 450 mm (18 in.) in all directions extending to grade level. Up
to 450 mm (18 in.) above grade level within 3.0 m (10 ft) horizontally

1For marine application, grade level means the surface of a pier extending down to water level.
2Refer to Figure 514.3 for an illustration of classified location around dispensing devices.
3Ceiling mounted hose reel.
4FPN: See 4.3.9 of NFPA 30A-2003, Code for Motor Fuel Dispensing Facilities and Repair Garages.
5FPN: Area classification inside the dispenser enclosure is covered in ANSI/UL 87-1995, Power-Operated
Dispensing Devices for Petroleum Products. [NFPA 30A:Table 8.3.1]
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514.4Article 514 — Motor Fuel Dispensing Facilities

Table 514.3(B)(2) Electrical Equipment Classified Areas for Dispensing Devices

Extent of Classified Area

Dispensing Device Class I, Division 1 Class I, Division 2

Compressed natural gas Entire space within the dispenser 1.5 m (5 ft) in all directions from
enclosure dispenser enclosure

Liquefied natural gas Entire space within the dispenser From 1.5 m to 3.0 m (5 ft to 10 ft)
enclosure and 1.5 m (5 ft) in all in all directions from the
directions from the dispenser dispenser enclosure
enclosure

Liquefied petroleum gas Entire space within the dispenser Up to 450 mm (18 in.)
enclosure; 450 mm (18 in.) from aboveground and within 6.0 m
the exterior surface of the (20 ft) horizontally from any
dispenser enclosure to an edge of the dispenser enclosure,
elevation of 1.2 m (4 ft) above including pits or trenches within
the base of the dispenser; the this area when provided with
entire pit or open space beneath adequate mechanical ventilation
the dispenser and within 6.0 m
(20 ft) horizontally from any
edge of the dispenser when the
pit or trench is not mechanically
ventilated.

[NFPA 30A:Table 12.6.2]

mercial, see NFPA 58-2004, Liquefied Petroleum Gas
Code, and NFPA 59-2004, Utility LP-Gas Plant Code.
FPN No. 3: See 555.21 for motor fuel dispensing stations
in marinas and boatyards.

Table 514.3(B)(1) and Table 514.3(B)(2) are extracted from
NFPA 30A, Code for Motor Fuel Dispensing Facilities and
Repair Garages. See the commentary following 511.3(A)(3)
for information regarding the classification of facilities that
offer primarily lubrication-type service. See Exhibit 514.1
for an illustration of the Class I location around overhead
motor fuel dispensing units.

The use of aboveground tanks with dispensing equip-
ment is an acceptable alternative when underground tanks
are impractical. Aboveground tanks with dispensing equip-
ment are frequently used at fleet motor fuel–dispensing facil-
ities. Hazardous area classification for aboveground tank
installations is performed in accordance with Table 515.3.

Class I, Div. 1
Class I, Div. 2

Dispensing area

450 mm
(18 in.) 

450 mm
(18 in.)

6.0 m (20 ft)

Dispensers

6.0 m (20 ft) 6.0 m (20 ft)

6.0 m
(20 ft)

6.0 m
(20 ft)

450 mm
(18 in.)

514.4 Wiring and Equipment Installed in
Class I Locations

Figure 514.3 Classified Areas Adjacent to Dispensers as De-
All electrical equipment and wiring installed in Class I loca-tailed in Table 514.3(B)(1) [NFPA 30A:Figure 8.3.1]
tions as classified in 514.3 shall comply with the applicable
provisions of Article 501.

FPN No. 1: For information on area classification where
liquefied petroleum gases are dispensed, see NFPA 58- Exception: As permitted in 514.8.
2004, Liquefied Petroleum Gas Code.

FPN: For special requirements for conductor insulation,FPN No. 2: For information on classified areas per-
taining to LP-Gas systems other than residential or com- see 501.20.
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514.7 Article 514 — Motor Fuel Dispensing Facilities

lighting, or both connect to the internal wiring of the dis-
penser in the explosionproof outlet box. For gasoline- and
oil-resistant insulated conductors, see the commentary fol-
lowing 501.120.

514.7 Wiring and Equipment Above
Class I Locations
Wiring and equipment above the Class I locations as classi-
fied in 514.3 shall comply with 511.7.

514.8 Underground Wiring
Underground wiring shall be installed in threaded rigid metal
conduit or threaded steel intermediate metal conduit. Any
portion of electrical wiring that is below the surface of a

Canopy

18 in.

18 in.

Area classification inside
dispenser enclosure is

covered in UL 87.

Concrete
curb20 ft

Grade

High-hose
dispenser
(side view)

Earth

18 in.

Division 1 Division 2
Class I, Division 1, or a Class I, Division 2, location [as
classified in Tables 514.3(B)(1) and 514.3(B)(2)] shall be

Exhibit 514.1 Extent of Class I location around overhead motor
sealed within 3.05 m (10 ft) of the point of emergencefuel dispensing units, in accordance with Table 514.3(B)(1).
above grade. Except for listed explosionproof reducers at
the conduit seal, there shall be no union, coupling, box, or
fitting between the conduit seal and the point of emergenceThe wiring methods and equipment required in Article 501
above grade. Refer to Table 300.5.must be used within the Class I areas at a motor fuel dispens-

ing facility. An explosionproof outlet box of the type fre-
quently used in gasoline dispensing units is shown in Exhibit Experience has shown that if fuel spilled in the vicinity of
514.2. The branch-circuit conductors for dispenser power, gasoline dispensers seeps into the ground, it may migrate into

underground electrical conduits and accumulate in voids.
Therefore, 514.8 requires that all conduits installed below
the classified locations of a motor fuel dispensing facility
be sealed within 10 ft of the point of emergence from below
grade. This boundary seal minimizes the passage of gasoline
or other fuel vapors into unclassified locations where the
electrical equipment is not explosionproof or otherwise pro-
tected. Table 514.3(B)(1) and Table 514.3(B)(2) define the
extent of the aboveground Class I, Divisions 1 and 2 loca-
tions.

Exception No. 1: Type MI cable shall be permitted where
it is installed in accordance with Article 332.

Exception No. 2: Rigid nonmetallic conduit shall be permit-
ted where buried under not less than 600 mm (2 ft) of cover.
Where rigid nonmetallic conduit is used, threaded rigid
metal conduit or threaded steel intermediate metal conduit
shall be used for the last 600 mm (2 ft) of the underground
run to emergence or to the point of connection to the
aboveground raceway, and an equipment grounding conduc-
tor shall be included to provide electrical continuity of the
raceway system and for grounding of non–current-carrying
metal parts.

Exception No. 2 to 514.8 makes it clear that if rigid nonme-Exhibit 514.2 A typical explosionproof outlet box used in dis-
penser applications. (Courtesy of Cooper Crouse-Hinds) tallic conduit is used for underground wiring, threaded rigid
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514.11Article 514 — Motor Fuel Dispensing Facilities

in a Class I, Division 1 location, and the seal is to be the firstmetal conduit or threaded steel intermediate metal conduit
must be used for the last 2 ft of the underground run to the fitting at the point of emergence. A seal must be provided in

each conduit run entering or leaving a dispenser. Therefore,point of emergence or to the point of connection to the
aboveground raceway. The rigid nonmetallic conduit, includ- even though a conduit runs from dispenser to dispenser and

does not leave the hazardous (classified) location, a seal ising rigid nonmetallic conduit elbows and fittings, must be
located not less than 2 ft below grade, as shown in Exhibit necessary where the conduit leaves, and again where it en-

ters, the dispenser.514.3.
Panelboards are generally located in a room classified

as a nonhazardous location; however, any conduit coming
from the dispenser or passing under the hazardous (classi-
fied) location boundaries from the dispenser or tank fill-
pipe would require a seal at the panelboard location to mini-
mize the likelihood of gas migration into the remote location.
If the panelboard is located in the lube or repair room,
all conduits emerging into the 18-in. hazardous (classified)
location would require seals. See Exhibits 514.4 and 514.5.

514.11 Circuit Disconnects
(A) General Each circuit leading to or through dispensing
equipment, including equipment for remote pumping sys-
tems, shall be provided with a clearly identified and readily
accessible switch or other acceptable means, located remote

Seal

Metal conduit

Rigid nonmetallic conduitAdapter

2 ft

Equipment grounding conductor 
to be provided in conduit

from the dispensing devices, to disconnect simultaneously
from the source of supply, all conductors of the circuits,

Exhibit 514.3 Use of rigid nonmetallic conduit in accordance
including the grounded conductor, if any.with 514.8, Exception No. 2.

Single-pole breakers utilizing handle ties shall not be
permitted.

If rigid nonmetallic conduit is used, an equipment
grounding conductor must be included and must be bonded

The disconnecting means required by 514.11(A) must beto the explosionproof raceway system inside the dispenser.
clearly marked and readily accessible. The disconnectingThis is accomplished by terminating the equipment ground-
means also must be remote from the dispensing device, soing conductor on the ground screw (or other means) provided
that if an emergency occurs that requires rapid shutdown ofin the dispenser junction box.
the dispensing equipment, the person operating the discon-
necting means is not exposed to the hazard.

It is important to note that all conductors of a circuit,514.9 Sealing
including the grounded conductor, that may be present within(A) At Dispenser A listed seal shall be provided in each
a dispensing device must be provided with a switch or spe-conduit run entering or leaving a dispenser or any cavities
cial-type circuit breaker that simultaneously disconnects allor enclosures in direct communication therewith. The sealing
conductors. Handle ties on single-pole circuit breakers arefitting shall be the first fitting after the conduit emerges
not permitted. The intent is that no energized conductorsfrom the earth or concrete.
are in the dispenser vicinity during maintenance or alteration.
Considering possible accidental reversal of the polarities of(B) At Boundary Additional seals shall be provided in
conductors at panelboards, the grounded conductor must beaccordance with 501.15. Sections 501.15(A)(4) and (B)(2)
able to be switched to the open or off position. Groundedshall apply to horizontal as well as to vertical boundaries
conductors may be present in old-style pump motors, or theyof the defined Class I locations.
may pass through a dispenser as part of a circuit for the
dispensing island lighting.

Sealing fittings are required in all conduits leaving a Class
I location. All conduits passing under the boundaries of the
hazardous (classified) locations (20-ft radius from dispenser)

(B) Attended Self-Service Motor Fuel Dispensing Facili-or the tank fill-pipe (10-ft radius from a loose-fill connection
ties Emergency controls as specified in 514.11(A) shall beand 5-ft radius from a tight-fill connection) are considered
installed at a location acceptable to the authority having
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514.11 Article 514 — Motor Fuel Dispensing Facilities

Exhibit 514.4 A gasoline dis-
penser installation indicating
locations for sealing fittings.
Emergency controls are re-
quired for self-service stations.

Emergency control

Explosion-
proof union

Seal

Seal

Wall

Panel- 
board

Seal

Exhibit 514.5 Required seals
at points marked ‘‘S.’’ Seals are
not required at the sign and two
of the lights because conduit
runs do not pass through a
hazardous location.

Extent of 
hazardous location

Light

Sign

Light

S

5 ft
Tight fill connections

Dispensers

Light

20 ft

Dispenser

Panelboard in
nonhazardous location
(S = conduit seal)

Light

Vents discharging
upward with ends elevated
at least 5 ft above grade

S S S

20 ft

S
S
S
S

S

SSS SSSS

jurisdiction, but controls shall not be more than 30 m (100 manually reset only in a manner approved by the authority
having jurisdiction. [NFPA 30A:6.7.2]ft) from dispensers. [NFPA 30A:6.7.1]

(C) Unattended Self-Service Motor Fuel Dispensing FPN: For additional information, see 6.7.1 and 6.7.2
of NFPA 30A-2003, Code for Motor Fuel DispensingFacilities Emergency controls as specified in 514.11(A)
Facilities and Repair Garages.shall be installed at a location acceptable to the authority

having jurisdiction, but the control shall be more than 6 m
(20 ft) but less than 30 m (100 ft) from the dispensers. Because a fire or large gasoline spill at the dispensing island
Additional emergency controls shall be installed on each may make it impossible for a person to approach and shut
group of dispensers or the outdoor equipment used to control off the flow of gasoline by operating a disconnecting means
the dispensers. Emergency controls shall shut off all power located at the dispensing island, Section 6.7 of NFPA 30A,
to all dispensing equipment at the station. Controls shall be
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515.3Article 515 — Bulk Storage Plants

Code for Motor Fuel Dispensing Facilities and Repair Gar- ARTICLE 515
ages, requires an easily accessible and clearly identified Bulk Storage Plantsemergency power shutoff to be provided at a location remote
from the dispensing device. The requirements in 514.11(B)
and 514.11(C) are extracted from NFPA 30A and provide Contents
the maximum and minimum distances for the location of 515.1 Scope
the emergency control for attended and unattended self- 515.2 Definition
service dispensing facilities. 515.3 Class I Locations

The term clearly identified means that a sign must be 515.4 Wiring and Equipment Located in Class I Locations
posted indicating where the shutoff switch is located. This 515.7 Wiring and Equipment Above Class I Locations
emergency power shutoff must be readily accessible and not (A) Fixed Wiring
blocked by the storage of such things as tires, cases of (B) Fixed Equipment
lubricating oil, or merchandise on display. All dispensing (C) Portable Lamps or Other Utilization Equipment
facility operators as well as responding fire fighters should 515.8 Underground Wiring
know the location of the emergency power shutoff. (A) Wiring Method

(B) Insulation
(C) Nonmetallic Wiring

515.9 Sealing514.13 Provisions for Maintenance and Service
515.10 Special Equipment — Gasoline Dispensersof Dispensing Equipment
515.16 Grounding

Each dispensing device shall be provided with a means to
remove all external voltage sources, including feedback,
during periods of maintenance and service of the dispensing FPN: Rules that are followed by a reference in brackets
equipment. The location of this means shall be permitted to contain text that has been extracted from NFPA 30-2003,
be other than inside or adjacent to the dispensing device. Flammable and Combustible Liquids Code. Only edito-

rial changes were made to the extracted text to make itThe means shall be capable of being locked in the open
consistent with this Code.position.

515.1 Scope
This requirement is intended to enhance the level of safety

This article covers a property or portion of a property where
for personnel servicing dispensing equipment. As more so-

flammable liquids are received by tank vessel, pipelines,
phisticated control circuitry is integrated into dispensing

tank car, or tank vehicle and are stored or blended in bulk
equipment, simply shutting off the main power source to

for the purpose of distributing such liquids by tank vessel,
the dispenser or remote pump does not necessarily ensure

pipeline, tank car, tank vehicle, portable tank, or container.
that the equipment being worked on has been isolated from
all sources of voltage. To ensure that the equipment is com- 515.2 Definition
pletely isolated from all voltage sources, a means must be

Bulk Plant or Terminal. That portion of a property whereprovided to remove all external voltage sources from each
liquids are received by tank vessel, pipelines, tank car, ordispensing device, including sources that may backfeed into
tank vehicle and are stored or blended in bulk for the purposethe dispenser.
of distributing such liquids by tank vessel, pipeline, tank car,The disconnecting means required by this section must
tank vehicle, portable tank, or container. [NFPA 30:3.3.32.1]be capable of being locked in the open position. In order to

FPN: For further information, see NFPA 30-2003, Flam-ensure that the ability to lock the disconnecting means in
mable and Combustible Liquids Code.the open position is always available, the method employed

should not be portable or easily removed from the discon-
515.3 Class I Locationsnecting means.
Table 515.3 shall be applied where Class I liquids are stored,
handled, or dispensed and shall be used to delineate and
classify bulk storage plants. The class location shall not

514.16 Grounding extend beyond a floor, wall, roof, or other solid partition
that has no communicating openings. [NFPA 30:8.1, 8.2.2]All metal raceways, the metal armor or metallic sheath on

cables, and all non–current-carrying metal parts of fixed
portable electrical equipment, regardless of voltage, shall be Table 515.3 is extracted from Table 8.2.2 of NFPA 30, Flam-
grounded as provided in Article 250. Grounding in Class I mable and Combustible Liquids Code. Section 7.3.4.5 of
locations shall comply with 501.130.
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515.3 Article 515 — Bulk Storage Plants

Table 515.3 Electrical Area Classifications

NEC Class I
Location Division Zone Extent of Classified Area

Indoor equipment installed in accordance with Section 1 0 The entire area associated with such equipment where
5.3 of NFPA 30 where flammable vapor–air mixtures flammable gases or vapors are present continuously
can exist under normal operation or for long periods of time

1 1 Area within 1.5 m (5 ft) of any edge of such equipment,
extending in all directions

2 2 Area between 1.5 m and 2.5 m (5 ft and 8 ft) of any
edge of such equipment, extending in all directions;
also, space up to 900 mm (3 ft) above floor or grade
level within 1.5 m to 7.5 m (5 ft to 25 ft) horizontally
from any edge of such equipment1

Outdoor equipment of the type covered in Section 5.3 1 0 The entire area associated with such equipment where
of NFPA 30 where flammable vapor–air mixtures may flammable gases or vapors are present continuously
exist under normal operation or for long periods of time

1 1 Area within 900 mm (3 ft) of any edge of such equipment,
extending in all directions

2 2 Area between 900 mm (3 ft) and 2.5 m (8 ft) of any
edge of such equipment, extending in all directions;
also, space up to 900 mm (3 ft) above floor or grade
level within 900 mm to 3.0 m (3 ft to 10 ft) horizontally
from any edge of such equipment

Tank storage installations inside buildings 1 1 All equipment located below grade level

2 2 Any equipment located at or above grade level

Tank – aboveground 1 0 Inside fixed roof tank

1 1 Area inside dike where dike height is greater than the
distance from the tank to the dike for more than 50
percent of the tank circumference

Shell, ends, or roof and dike area 2 2 Within 3.0 m (10 ft) from shell, ends, or roof of tank;
also, area inside dike to level of top of tank

Vent 1 0 Area inside of vent piping or opening

1 1 Within 1.5 m (5 ft) of open end of vent, extending in
all directions

2 2 Area between 1.5 m and 3.0 m (5 ft and 10 ft) from
open end of vent, extending in all directions

Floating roof with fixed outer roof 1 0 Area between the floating and fixed roof sections and
within the shell

Floating roof with no fixed outer roof 1 1 Area above the floating roof and within the shell

Underground tank fill opening 1 1 Any pit, or space below grade level, if any part is within
a Division 1 or 2, or Zone 1 or 2, classified location

2 2 Up to 450 mm (18 in.) above grade level within a
horizontal radius of 3.0 m (10 ft) from a loose fill
connection, and within a horizontal radius of 1.5 m
(5 ft) from a tight fill connection

Vent – discharging upward 1 0 Area inside of vent piping or opening

1 1 Within 900 mm (3 ft) of open end of vent, extending in
all directions

2 2 Area between 900 mm and 1.5 m (3 ft and 5 ft) of open
end of vent, extending in all directions
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515.3Article 515 — Bulk Storage Plants

Table 515.3 Continued

NEC Class I
Location Division Zone Extent of Classified Area

Drum and container filling – outdoors or indoors 1 0 Area inside the drum or container

1 1 Within 900 mm (3 ft) of vent and fill openings, extending
in all directions

2 2 Area between 900 mm and 1.5 m (3 ft and 5 ft) from
vent or fill opening, extending in all directions; also,
up to 450 mm (18 in.) above floor or grade level
within a horizontal radius of 3.0 m (10 ft) from vent
or fill opening

Pumps, bleeders, withdrawal fittings,
Indoors 2 2 Within 1.5 m (5 ft) of any edge of such devices, extending

in all directions; also, up to 900 mm (3 ft) above floor
or grade level within 7.5 m (25 ft) horizontally from
any edge of such devices

Outdoors 2 2 Within 900 mm (3 ft) of any edge of such devices,
extending in all directions. Also, up to 450 mm (18
in.) above grade level within 3.0 m (10 ft) horizontally
from any edge of such devices

Pits and sumps
Without mechanical ventilation 1 1 Entire area within a pit or sump if any part is within a

Division 1 or 2, or Zone 1 or 2, classified location

With adequate mechanical ventilation 2 2 Entire area within a pit or sump if any part is within a
Division 1 or 2, or Zone 1 or 2, classified location

Containing valves, fittings, or piping, and not within a 2 2 Entire pit or sump
Division 1 or 2, or Zone 1 or 2, classified location

Drainage ditches, separators, impounding basins
Outdoors 2 2 Area up to 450 mm (18 in.) above ditch, separator, or

basin; also, area up to 450 mm (18 in.) above grade
within 4.5 m (15 ft) horizontally from any edge

Indoors Same classified area as pits

Tank vehicle and tank car2 loading through open dome 1 0 Area inside of the tank

1 1 Within 900 mm (3 ft) of edge of dome, extending in all
directions

2 2 Area between 900 mm and 4.5 m (3 ft and 15 ft) from
edge of dome, extending in all directions

Loading through bottom connections with atmospheric 1 0 Area inside of the tank
venting

1 1 Within 900 mm (3 ft) of point of venting to atmosphere,
extending in all directions

2 2 Area between 900 mm and 4.5 m (3 ft and 15 ft) from
point of venting to atmosphere, extending in all
directions; also, up to 450 mm (18 in.) above grade
within a horizontal radius of 3.0 m (10 ft) from point
of loading connection

(continues)
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515.3 Article 515 — Bulk Storage Plants

Table 515.3 Continued

NEC Class I
Location Division Zone Extent of Classified Area

Office and rest rooms Ordinary If there is any opening to these rooms within the extent
of an indoor classified location, the room shall be
classified the same as if the wall, curb, or partition
did not exist.

Loading through closed dome with atmospheric venting 1 1 Within 900 mm (3 ft) of open end of vent, extending in
all directions

2 2 Area between 900 mm and 4.5 m (3 ft and 15 ft) from
open end of vent, extending in all directions; also,
within 900 mm (3 ft) of edge of dome, extending in
all directions

Loading through closed dome with vapor control 2 2 Within 900 mm (3 ft) of point of connection of both fill
and vapor lines extending in all directions

Bottom loading with vapor control or any bottom 2 2 Within 900 mm (3 ft) of point of connections, extending
unloading in all directions; also up to 450 mm (18 in.) above

grade within a horizontal radius of 3.0 m (10 ft) from
point of connections

Storage and repair garage for tank vehicles 1 1 All pits or spaces below floor level

2 2 Area up to 450 mm (18 in.) above floor or grade level
for entire storage or repair garage

Garages for other than tank vehicles Ordinary If there is any opening to these rooms within the extent
of an outdoor classified location, the entire room shall
be classified the same as the area classification at the
point of the opening.

Outdoor drum storage Ordinary

Inside rooms or storage lockers used for the storage of 2 2 Entire room
Class I liquids

Indoor warehousing where there is no flammable liquid Ordinary If there is any opening to these rooms within the extent
transfer of an indoor classified location, the room shall be

classified the same as if the wall, curb, or partition
did not exist.

Piers and wharves See Figure 515.3.

1The release of Class I liquids may generate vapors to the extent that the entire building, and possibly an
area surrounding it, should be considered a Class I, Division 2 or Zone 2 location.
2When classifying extent of area, consideration shall be given to fact that tank cars or tank vehicles may be
spotted at varying points. Therefore, the extremities of the loading or unloading positions shall be used.
[NFPA 30:Table 8.2.2]
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515.7Article 515 — Bulk Storage Plants

Division 1 Division 2 Unclassified

Water level

Shore

Approach Pier

600 mm
(2 ft)

15 m (50 ft)

7.5 m 
(25 ft)

Deck

Open sump in deck for
draining lines and hoses

Operating envelope
and stored position
of loading arms or
hoses

Notes:
(1) The "source of vapor" shall be the operating envelope and stored position of the
outboard flange connection of the loading arm (or hose).
(2) The berth area adjacent to tanker and barge cargo tanks is to be Division 2 to the
following extent:
           a. 7.6 m (25 ft) horizontally in all directions on the pier side from that
           portion of the hull containing cargo tanks
           b. From the water level to 7.6 m (25 ft) above the cargo tanks at their
           highest position
(3) Additional locations may have to be classified as required by the presence of other
sources of flammable liquids on the berth, by Coast Guard, or other regulations.

15 m (50 ft)

7.5 m 
(25 ft)

7.5 m 
(25 ft)

15 m (50 ft)

7.5 m (25 ft)

Figure 515.3 Marine Terminal Handling Flammable Liquids [NFPA 30:Figure 7.7.16]

Should this not be the case, the authority having jurisdic-NFPA 30, as referenced in the first two items in column 1
tion has the authority to classify the extent of the classi-of Table 515.3, states:
fied space.
FPN No. 2: See 555.21 for gasoline dispensing stations7.3.4.5 Where equipment such as dispensing stations,
in marinas and boatyards.open centrifuges, plate and frame filters, and open

vacuum filters is used in a building, the equipment 515.4 Wiring and Equipment Located in
and ventilation of the building shall be designed to

Class I Locationslimit flammable vapor–air mixtures under normal op-
All electrical wiring and equipment within the Class I loca-erating conditions to the interior of equipment and to
tions defined in 515.3 shall comply with the applicable pro-not more than 1.5 m (5 ft) from equipment that exposes
visions of Article 501 or Article 505 for the division or zoneClass I liquids to the air. [NFPA 30:7.3.4.5]
in which they are used.

Exhibits 515.1 through 515.7 illustrate the hazardous Exception: As permitted in 515.8.
(classified) locations associated with several types of flam-

515.7 Wiring and Equipment Above Class Imable liquid containers and operations.
Locations
(A) Fixed Wiring All fixed wiring above Class I locations

FPN No. 1: The area classifications listed in Table 515.3
shall be in metal raceways or PVC Schedule 80 rigid nonme-are based on the premise that the installation meets the
tallic conduit, or equivalent, or be Type MI, TC, or MCapplicable requirements of NFPA 30-2003, Flammable

and Combustible Liquids Code, Chapter 5, in all respects. cable.
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515.8 Article 515 — Bulk Storage Plants

3-ft radius

Division 2

3-ft radius

Liquid transfer pipeVapor return line

Material: Flammable Liquid

Exhibit 515.1 Tank car/tank truck loading and unloading via Material: Flammable Liquid

Belowgrade location such as sump

Division 1 Division 2

3-ft radius

15-ft radius

Liquid transfer line

closed system. Transfer through dome only.

Exhibit 515.3 Tank car/tank truck loading and unloading via
open system. Top or bottom product transfer.

Division 2

Material: Flammable Liquid

3-ft radius

Liquid transfer
line

Vapor return line

10-ft radius

18 in.

3-ft radius

Exhibit 515.2 Tank car/tank truck loading and unloading via
closed system. Bottom product transfer only.

Belowgrade location such as sump

5-ft radius

Division 1 Division 2

5-ft radius

15-ft radius

Liquid transfer pipe
Vapor
return line

Material: Liquefied Gas, Compressed Gas, Cryogenic Liquid

(B) Fixed Equipment Fixed equipment that may produce
Exhibit 515.4 Tank car/tank truck loading and unloading viaarcs, sparks, or particles of hot metal, such as lamps and
closed system. Transfer through dome only.lampholders for fixed lighting, cutouts, switches, recepta-

cles, motors, or other equipment having make-and-break or
sliding contacts, shall be of the totally enclosed type or be
constructed so as to prevent the escape of sparks or hot 515.8 Underground Wiring
metal particles.

(A) Wiring Method Underground wiring shall be installed
in threaded rigid metal conduit or threaded steel intermediate(C) Portable Lamps or Other Utilization Equipment

Portable lamps or other utilization equipment and their flexi- metal conduit or, where buried under not less than 600 mm
(2 ft) of cover, shall be permitted in rigid nonmetallic conduitble cords shall comply with the provisions of Article 501

or Article 505 for the class of location above which they or a listed cable. Where rigid nonmetallic conduit is used,
threaded rigid metal conduit or threaded steel intermediateare connected or used.
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515.10Article 515 — Bulk Storage Plants

10-ft radius

Belowgrade location such as sump

Fill pipe

5-ft radius

5-ft radius

Vent

3-ft radius

Material: Flammable Liquid

18 in.

Division 1 Division 2

Tank within tank Tank in open (no dike)

5-ft radius around vent

10 ft

Dike

Belowgrade trench Surface of tank contents

Division 1 Division 2

Material: Flammable Liquid

Exhibit 515.5 Drum filling station, outdoors or indoors, with ade-
Exhibit 515.7 Storage tanks, outdoors at grade. (From API RP

quate ventilation.
500, Recommended Practice for Classification of Locations for
Electrical Installations at Petroleum Facilities Classified as Class
I, Division 1 and Division 2)

metal conduit shall be used for the last 600 mm (2 ft) of
the conduit run to emergence or to the point of connection
to the aboveground raceway. Where cable is used, it shall
be enclosed in threaded rigid metal conduit or threaded steel
intermediate metal conduit from the point of lowest buried
cable level to the point of connection to the aboveground
raceway.

See the commentary following 514.8 for more information
on underground wiring installed below hazardous (classi-
fied) locations.

(B) Insulation Conductor insulation shall comply with
501.20.

(C) Nonmetallic Wiring Where rigid nonmetallic conduit
or cable with a nonmetallic sheath is used, an equipment
grounding conductor shall be included to provide for electri-
cal continuity of the raceway system and for grounding of
non–current-carrying metal parts.

515.9 Sealing
Sealing requirements shall apply to horizontal as well as to
vertical boundaries of the defined Class I locations. Buried
raceways and cables under defined Class I locations shall
be considered to be within a Class I, Division 1 or Zone 1
location.

Area within 5 ft
of relief valve

Area within 5 ft
of relief valve

Dike

15 ft 

Division 1 Division 2

Area within 5 ft 
of relief valve

H

x

15 ft

Dike Height Greater Than Distance from Container to Dike
(H greater than x)

H

x

Belowgrade pit or trench

15 ft

H

Dike Height Less Than Distance from Container to Dike
(H less than x)

Dike Height Same as Grade Level

Dike

Dike

Grade

515.10 Special Equipment —
Gasoline Dispensers

Exhibit 515.6 Storage tanks for cryogenic liquids. [From NFPA
Where gasoline or other volatile flammable liquids or lique-59A,Standard for theProduction, Storage, andHandling of Lique-
fied flammable gases are dispensed at bulk stations, thefied Natural Gas (LNG)]
applicable provisions of Article 514 shall apply.
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515.16 Article 516 — Spray Application, Dipping, and Coating Processes

515.16 Grounding
516.10 Special Equipment

All metal raceways, the metal armor or metallic sheath on (A) Fixed Electrostatic Equipment
cables, and all non–current-carrying metal parts of fixed or (B) Electrostatic Hand-Spraying Equipment
portable electrical equipment, regardless of voltage, shall be (C) Powder Coating
grounded as provided in Article 250. Grounding in Class I 516.16 Grounding
locations shall comply with 501.30 for Class I, Division 1
and 2 locations and 505.25 for Class I, Zone 0, 1, and 2
locations. FPN: Rules that are followed by a reference in brackets

contain text that has been extracted from NFPA 33-2003,
FPN: For information on grounding for static protection, Standard for Spray Application Using Flammable and
see 4.5.3.4 and 4.5.3.5 of NFPA 30-2003, Flammable Combustible Materials, or NFPA 34-2003, Standard for
and Combustible Liquids Code. Dipping and Coating Processes Using Flammable or

Combustible Liquids. Only editorial changes were made
to the extracted text to make it consistent with this Code.

ARTICLE 516
516.1 ScopeSpray Application, Dipping, and
This article covers the regular or frequent application ofCoating Processes flammable liquids, combustible liquids, and combustible
powders by spray operations and the application of flamma-
ble liquids, or combustible liquids at temperatures aboveSummary of Changes
their flashpoint, by dipping, coating, or other means.

• 516.3(A): Added and revised text to allow the use of the
FPN: For further information regarding safeguards forzone area classification concept to be applied to spray
these processes, such as fire protection, posting of warn-application, dipping, and coating processes.
ing signs, and maintenance, see NFPA 33-2003, Standard

• 516.3(B)(6): Revised text to classify specific locations for Spray Application Using Flammable and Combustible
surrounding Class I, Division 1 or Zone 0 areas as Class Materials, and NFPA 34-2003, Standard for Dipping

and Coating Processes Using Flammable or CombustibleI, Division 1 or Zone 1 locations.
Liquids. For additional information regarding ventilation,

• 516.3(C)(7): Added requirement for classification of see NFPA 91-2004, Standard for Exhaust Systems for Air
space near open containers as a Class I, Division 2 or Conveying of Vapors, Gases, Mists, and Noncombustible

Particulate Solids.Zone 2 location.

516.2 Definitions
For the purpose of this article, the following definitions shall

Contents apply.
516.1 Scope

Spray Area. Normally, locations outside of buildings or516.2 Definitions
localized operations within a larger room or space. Such516.3 Classification of Locations
are normally provided with some local vapor extraction/(A) Class I, Division 1 or Class I, Zone 0 Locations
ventilation system. In automated operations, the area limits(B) Class I or Class II, Division 1 Locations
shall be the maximum area in the direct path of spray opera-(C) Class I or Class II, Division 2 Locations
tions. In manual operations, the area limits shall be the(D) Enclosed Coating and Dipping Operations
maximum area of spray when aimed at 180 degrees to the(E) Adjacent Locations
application surface.(F) Unclassified Locations

516.4 Wiring and Equipment in Class I Locations Spray Booth. An enclosure or insert within a larger room
(A) Wiring and Equipment — Vapors used for spray/coating/dipping applications. A spray booth
(B) Wiring and Equipment — Vapors and Residues may be fully enclosed or have open front or face and may
(C) Illumination include separate conveyor entrance and exit. The spray booth
(D) Portable Equipment is provided with a dedicated ventilation exhaust but may
(E) Electrostatic Equipment draw supply air from the larger room or have a dedicated

516.7 Wiring and Equipment Not Within Class I and II air supply.
Locations

Spray Room. A purposefully enclosed room built for spray/(A) Wiring
coating/dipping applications provided with dedicated venti-(B) Equipment
lation supply and exhaust. Normally the room is configured
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516.3Article 516 — Spray Application, Dipping, and Coating Processes

(C) Class I or Class II, Division 2 Locations The follow-to house the item to be painted, providing reasonable access
around the item/process. Depending on the size of the item ing spaces shall be considered Class I, Division 2 or Class

I, Zone 2, or Class II, Division 2 as applicable.being painted, such rooms may actually be the entire building
or the major portion thereof.

(1) Open Spraying For open spraying, all space outside
of but within 6 m (20 ft) horizontally and 3 m (10 ft)516.3 Classification of Locations
vertically of the Class I, Division 1 or Class I, Zone 1Classification is based on dangerous quantities of flammable
location as defined in 516.3(A), and not separated from itvapors, combustible mists, residues, dusts, or deposits.
by partitions. See Figure 516.3(B)(1). [NFPA 33:6.5.1]

(A) Class I, Division 1 or Class I, Zone 0 Locations The
following spaces shall be considered Class I, Division 1, or
Class I, Zone 0, as applicable:

(1) The interior of any open or closed container of a flamma-
ble liquid

(2) The interior of any dip tank or coating tank

FPN: For additional guidance and explanatory diagrams,
see 4.3.5 of NFPA 33-2003, Standard for Spray Applica-
tion Using Flammable or Combustible Materials, and
Sections 4.2, 4.3, and 4.4 of NFPA 34-2003, Standard
for Dipping and Coating Processes Using Flammable or
Combustible Liquids.

Article 516 was revised for the 2005 Code to correlate with
the other hazardous (classified) locations covered by the
Code. The Zone 0, Zone 1, and Zone 2 classification for
Class I material used in spray, dipping, and coating processes
is designated in the requirements.

(B) Class I or Class II, Division 1 Locations The follow-
ing spaces shall be considered Class I, Division 1, or Class
I, Zone 1, or Class II, Division 1 locations, as applicable:

(1) The interior of spray booths and rooms except as specifi-
cally provided in 516.3(D).

(2) The interior of exhaust ducts.

6100 mm
(20 ft)

3050 m
(10 ft)

Spray area

Top (plan)

Roof

Front (elevation)

Class I, Division 1, Class I, Zone 1, 
or Class II, Division 1

Class I, Division 2, Class I, Zone 2, 
or Class II, Division 2

Spray area 

(3) Any area in the direct path of spray operations.
(4) For open dipping and coating operations, all space Figure 516.3(B)(1) Electrical Area Classification for Open

Spray Areas [NFPA 33:Figure 6.5.1]within a 1.5-m (5-ft) radial distance from the vapor
sources extending from these surfaces to the floor. The
vapor source shall be the liquid exposed in the process

(2) Closed-Top, Open-Face, and Open-Front Spray-
and the drainboard, and any dipped or coated object

ing If spray application operations are conducted within a
from which it is possible to measure vapor concentra-

closed-top, open-face, or open-front booth or room, any
tions exceeding 25 percent of the lower flammable limit

electrical wiring or utilization equipment located outside of
at a distance of 300 mm (1 ft), in any direction, from

the booth or room but within the boundaries designated as
the object.

Division 2 or Zone 2 in Figure 516.3(B)(2) shall be suitable
(5) Sumps, pits, or belowgrade channels within 7.5 m (25

for Class I, Division 2, Class I, Zone 2, or Class II, Division
ft) horizontally of a vapor source. If the sump, pit, or

2 locations, whichever is applicable. The Class I, Division
channel extends beyond 7.5 m (25 ft) from the vapor

2, Class I, Zone 2, or Class II, Division 2 locations shown
source, it shall be provided with a vapor stop or it shall

in Figure 516.3(B)(2) shall extend from the edges of the
be classified as Class I, Division 1 for its entire length.

open face or open front of the booth or room in accordance
(6) All space in all directions outside of but within 900 mm

with the following:
(3 ft) of open containers, supply containers, spray gun
cleaners, and solvent distillation units containing flam- (a) If the exhaust ventilation system is interlocked with

the spray application equipment, the Division 2 or Zone 2mable liquids.
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516.3 Article 516 — Spray Application, Dipping, and Coating Processes

of other booth openings shall be considered Class I, Division
2, Class I, Zone 2, or Class II, Division 2. [NFPA 33:6.5.3]

(4) Enclosed Booths and Rooms For spraying operations
confined to an enclosed spray booth or room, the space
within 900 mm (3 ft) in all directions from any openings
shall be considered Class I, Division 2, Class I, or Zone 2,
or Class II, Division 2 as shown in Figure 516.3(B)(4).
[NFPA 33:6.5.4]

Open 
face

Conveyor 
opening

1525 mm (5 ft) radius

1525 mm
(5 ft) radius

915 mm (3 ft) radius

915 mm  
(3 ft) radius

915 mm (3 ft) radius

915 mm (3 ft) radius

915 mm (3 ft) radius
915 mm (3 ft) radius

915 mm (3 ft) radius
915 mm (3 ft) radius

915 mm (3 ft) radius

915 mm (3 ft) radius
915 mm (3 ft) radius

915 mm 
(3 ft) radius

Open 
face

Conveyor 
opening

3050 m (10 ft) radius

3050 m 
(10 ft) radius

Figure 516.3(B)(2) Class I, Division 2, Class I, Zone 2, or Class
II, Division 2 Locations Adjacent to a Closed Top, Open Face,
or Open Front Spray Booth or Room [NFPA 33:Figures 6.5.2(a)
and 6.5.2(b)]

900 mm R
(3 ft)

Enclosed spray
booth or room

(Class I, Division 1 or
Class II, Division 1 within)

Plan view

Extent of Class I or 
Class II, Division 2 area

Elevation

900 mm R
(3 ft)

900 mm R
(3 ft)

900 mm R
(3 ft)

900 mm R
(3 ft)

900 mm R (3 ft) 900 mm R (3 ft)

Figure 516.3(B)(4) Class I, Division 2, Class I, Zone 2, or Class
location shall extend 1.5 m (5 ft) horizontally and 900 mm II, Division 2 Locations Adjacent to an Enclosed Spray Booth

or Spray Room [NFPA 33:Figure 6.5.4](3 ft) vertically from the open face or open front of the
booth or room, as shown in Figure 516.3(B)(2), top.

(b) If the exhaust ventilation system is not interlocked (5) Dip Tanks and Drain Boards — Surrounding Space
with the spray application equipment, the Division 2 or Zone For dip tanks and drain boards, the 914-mm (3-ft) space
2 location shall extend 3 m (10 ft) horizontally and 900 mm surrounding the Class I, Division 1 or Class I, Zone 1 location
(3 ft) vertically from the open face or open front of the as defined in 516.3(A)(4) and as shown in Figure
booth or room, as shown in Figure 516.3(B)(2), bottom. 516.3(B)(5). [NFPA 34:6.4.3]

For the purposes of this subsection, interlocked shall (6) Dip Tanks and Drain Boards — Space Above Floor
mean that the spray application equipment cannot be oper- For dip tanks and drain boards, the space 900 mm (3 ft)
ated unless the exhaust ventilation system is operating and above the floor and extending 6 m (20 ft) horizontally in
functioning properly and spray application is automatically all directions from the Class I, Division 1 or Class I, Zone
stopped if the exhaust ventilation system fails. [NFPA 1 location.
33:6.5.2]

Exception: This space shall not be required to be considered
a hazardous (classified) location where the vapor source(3) Open-Top Spraying For spraying operations con-

ducted within an open top spray booth, the space 900 mm area is 0.46 m2 (5 ft2) or less and where the contents of the
open tank trough or container do not exceed 19 L (5 gal).(3 ft) vertically above the booth and within 900 mm (3 ft)
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516.4Article 516 — Spray Application, Dipping, and Coating Processes

Diptank

DrainboardPit
Floor

Point beyond which object
is no longer a vapor source 
as defined in 516.3(B)(4)

Conveyor rail

915 mm 
(3 ft)

6100 mm (20 ft)
1525 mm 

(5 ft)
1525 mm 

(5 ft)

Class I, Division 1 or Zone 0

Class I, Division 1 or Zone 1

Class I, Division 2 or Zone 2

915 mm 
(3 ft)

915 mm
(3 ft)

1525 mm
(5 ft)

1525 mm
(5 ft)

915 mm 
(3 ft)

915 mm (3 ft)

915 mm
(3 ft)

1525 mm
(5 ft)

1525 mm 
(5 ft)

6100 mm (20 ft)

Figure 516.3(B)(5) Electrical Area Classification for Open ProcessesWithout Vapor Containment
or Ventilation [NFPA 34:Figure 6.4(a)]

In addition, the vapor concentration during operation and flammable vapors or combustible powders are not likely to
be released, shall be unclassified.shutdown periods shall not exceed 25 percent of the lower

flammable limit outside the Class I location specified in
(F) Unclassified Locations Locations using drying, cur-516.3(A)(4). [NFPA 34:6.4.4]
ing, or fusion apparatus and provided with positive me-

(7) Open Containers All space in all directions within 600 chanical ventilation adequate to prevent accumulation of
mm (2 ft) of the Division 1 or Zone 1 area surrounding flammable concentrations of vapors, and provided with ef-
open containers, supply containers, spray gun cleaners, and fective interlocks to de-energize all electrical equipment
solvent distillation units containing flammable liquids, as (other than equipment identified for Class I locations) in case
well as the area extending 1.5 m (5 ft) beyond the Division the ventilating equipment is inoperative, shall be permitted to
1 or Zone 1 area up to a height of 460 mm (18 in.) above be unclassified where the authority having jurisdiction so
the floor or grade level. [NFPA 33:6.5.5.1(2)] judges.

FPN: For further information regarding safeguards, seeThe requirement in 516.3(C)(7) was added to the 2005 Code
NFPA 86-2003, Standard for Ovens and Furnaces.

to define the parameters of the hazardous (classified) loca-
tion around open containers containing flammable liquids.

516.4 Wiring and Equipment inThis area classification requirement is extracted from
Class I Locations6.5.5.1(2) of NFPA 33-2003, Standard for Spray Application

Using Flammable and Combustible Materials. (A) Wiring and Equipment — Vapors All electric wiring
and equipment within the Class I location (containing vapor
only — not residues) defined in 516.3 shall comply with

(D) Enclosed Coating and Dipping Operations The the applicable provisions of Article 501 or Article 505, as
space adjacent to an enclosed dipping or coating process or applicable.
apparatus shall be considered unclassified. [NFPA 34:6.5.2]

(B) Wiring and Equipment —Vapors and Residues Un-Exception: The space within 900 mm (3 ft) in all directions
less specifically listed for locations containing deposits offrom any opening in the enclosures shall be classified as
dangerous quantities of flammable or combustible vapors,Class I, Division 2 or Class I, Zone 2, as applicable. [NFPA
mists, residues, dusts, or deposits (as applicable), there shall34:6.5.3]
be no electrical equipment in any spray area as herein defined
whereon deposits of combustible residue may readily accu-(E) Adjacent Locations Adjacent locations that are cut off

from the defined Class I or Class II locations by tight parti- mulate, except wiring in rigid metal conduit, intermediate
metal conduit, Type MI cable, or in metal boxes or fittingstions without communicating openings, and within which
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516.7 Article 516 — Spray Application, Dipping, and Coating Processes

(c) All metallic parts of the drying apparatus are elec-containing no taps, splices, or terminal connections. [NFPA
33:6.4.2] trically bonded and grounded.

(d) Interlocks are provided to prevent the operation of
spray equipment while drying apparatus is within the sprayOnly electrical equipment that is specifically listed for the
enclosure, to allow for a 3-minute purge of the enclosurelocation is permitted where deposits of combustible residue
before energizing the drying apparatus and to shut off dryingmay accumulate, as stated in 516.4(B). The latter part of
apparatus on failure of ventilation system.the requirement in 516.4(B), however, permits wiring in

rigid metal conduit, intermediate metal conduit, Type MI
(E) Electrostatic Equipment Electrostatic spraying or de-cable, or metal boxes or fittings without splices, taps, or
tearing equipment shall be installed and used only as pro-terminal connections.
vided in 516.10.

FPN: For further information, see NFPA 33-2003, Stan-
(C) Illumination Illumination of readily ignitible areas dard for Spray Application Using Flammable or Combus-

tible Materials.through panels of glass or other transparent or translucent
material shall be permitted only if it complies with the

516.7 Wiring and Equipment Not Within Classfollowing:
I and II Locations

(1) Fixed lighting units are used as the source of illumina-
(A) Wiring All fixed wiring above the Class I and II loca-

tion.
tions shall be in metal raceways, rigid nonmetallic conduit,

(2) The panel effectively isolates the Class I location from
or electrical nonmetallic tubing, or shall be Type MI, TC,

the area in which the lighting unit is located.
or MC cable. Cellular metal floor raceways shall be permit-

(3) The lighting unit is identified for its specific location.
ted only for supplying ceiling outlets or extensions to the

(4) The panel is of a material or is protected so that breakage
area below the floor of a Class I or II location, but such

is unlikely.
raceways shall have no connections leading into or through

(5) The arrangement is such that normal accumulations of
the Class I or II location above the floor unless suitable

hazardous residue on the surface of the panel will not
seals are provided.

be raised to a dangerous temperature by radiation or
(B) Equipment Equipment that may produce arcs, sparks,conduction from the source of illumination.
or particles of hot metal, such as lamps and lampholders
for fixed lighting, cutouts, switches, receptacles, motors, orThe UL Hazardous Locations Equipment Directory indicates
other equipment having make-and-break or sliding contacts,that listed hazardous location fixtures suitable for use in
where installed above a Class I or II location or above apaint spray booths are evaluated for deposits of readily com-
location where freshly finished goods are handled, shall bebustible paint residues on the side of the fixture that forms
of the totally enclosed type or be constructed so as to preventpart of the interior ceiling or wall surface of the spray booth.
the escape of sparks or hot metal particles.

516.10 Special Equipment(D) Portable Equipment Portable electric lamps or other
utilization equipment shall not be used in a spray area during (A) Fixed Electrostatic Equipment This section shall
spray operations. apply to any equipment using electrostatically charged ele-

ments for the atomization, charging, and/or precipitation of
Exception No. 1: Where portable electric lamps are required

hazardous materials for coatings on articles or for other
for operations in spaces not readily illuminated by fixed

similar purposes in which the charging or atomizing device
lighting within the spraying area, they shall be of the type

is attached to a mechanical support or manipulator. This
identified for Class I, Division 1 or Class 1, Zone 1 locations

shall include robotic devices. This section shall not apply
where readily ignitible residues may be present. [NFPA

to devices that are held or manipulated by hand. Where robot
33:6.9]

or programming procedures involve manual manipulation of
Exception No. 2: Where portable electric drying apparatus the robot arm while spraying with the high voltage on,
is used in automobile refinishing spray booths and the fol- the provisions of 516.10(B) shall apply. The installation of
lowing requirements are met. electrostatic spraying equipment shall comply with

516.10(A)(1) through (A)(10). Spray equipment shall be(a) The apparatus and its electrical connections are not
listed. All automatic electrostatic equipment systems shalllocated within the spray enclosure during spray operations.
comply with 516.4(A)(1) through (A)(9).

(b) Electrical equipment within 450 mm (18 in.) of the
floor is identified for Class I, Division 2 or Class I, Zone 2 (1) Power and Control Equipment Transformers, high-

voltage supplies, control apparatus, and all other electriclocations.
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516.10Article 516 — Spray Application, Dipping, and Coating Processes

(8) Signs Signs shall be conspicuously posted to conveyportions of the equipment shall be installed outside of the
Class I location as defined in 516.3 or be of a type identified the following:
for the location.

(1) Designate the process zone as dangerous with regard
to fire and accidentException: High-voltage grids, electrodes, electrostatic at-

(2) Identify the grounding requirements for all electricallyomizing heads, and their connections shall be permitted
conductive objects in the spray areawithin the Class I location.

(3) Restrict access to qualified personnel only
(2) Electrostatic Equipment Electrodes and electrostatic

(9) Insulators All insulators shall be kept clean and dry.atomizing heads shall be adequately supported in permanent
locations and shall be effectively insulated from ground.

(10) Other Than Nonincendive Equipment Spray equip-
Electrodes and electrostatic atomizing heads that are perma-

ment that cannot be classified as nonincendive shall comply
nently attached to their bases, supports, reciprocators, or

with (A)(10)(a) and (A)(10)(b).
robots shall be deemed to comply with this section.

(a) Conveyors or hangers shall be arranged so as to
(3) High-Voltage Leads High-voltage leads shall be prop- maintain a safe distance of at least twice the sparking dis-
erly insulated and protected from mechanical damage or tance between goods being painted and electrodes, electro-
exposure to destructive chemicals. Any exposed element at static atomizing heads, or charged conductors. Warnings
high voltage shall be effectively and permanently supported defining this safe distance shall be posted.
on suitable insulators and shall be effectively guarded against

(b) The equipment shall provide an automatic means
accidental contact or grounding.

of rapidly de-energizing the high-voltage elements in the
event the distance between the goods being painted and the(4) Support of Goods Goods being coated using this pro-
electrodes or electrostatic atomizing heads falls below thatcess shall be supported on conveyors or hangers. The con-
specified in (a). [NFPA 33:Chapter 11]veyors or hangers shall be arranged (1) to ensure that the

parts being coated are electrically connected to ground with (B) Electrostatic Hand-Spraying Equipment This sec-
a resistance of 1 megohm or less and (2) to prevent parts tion shall apply to any equipment using electrostatically
from swinging. charged elements for the atomization, charging, and/or pre-

cipitation of materials for coatings on articles, or for other(5) Automatic Controls Electrostatic apparatus shall be
similar purposes in which the atomizing device is hand-heldequipped with automatic means that will rapidly de-energize
or manipulated during the spraying operation. Electrostaticthe high-voltage elements under any of the following condi-
hand-spraying equipment and devices used in connectiontions:
with paint-spraying operations shall be of listed types and
shall comply with 516.10(B)(1) through (B)(5).(1) Stoppage of ventilating fans or failure of ventilating

equipment from any cause
(1) General The high-voltage circuits shall be designed so(2) Stoppage of the conveyor carrying goods through the
as not to produce a spark of sufficient intensity to ignite thehigh-voltage field unless stoppage is required by the
most readily ignitible of those vapor–air mixtures likely tospray process
be encountered, or result in appreciable shock hazard upon(3) Occurrence of excessive current leakage at any point
coming in contact with a grounded object under all normalin the high-voltage system
operating conditions. The electrostatically charged exposed(4) De-energizing the primary voltage input to the power
elements of the handgun shall be capable of being energizedsupply
only by an actuator that also controls the coating material
supply.(6) Grounding All electrically conductive objects in the

spray area, except those objects required by the process
(2) Power Equipment Transformers, power packs, controlto be at high voltage, shall be adequately grounded. This
apparatus, and all other electric portions of the equipmentrequirement shall apply to paint containers, wash cans,
shall be located outside of the Class I location or be identifiedguards, hose connectors, brackets, and any other electrically
for the location.conductive objects or devices in the area.
Exception: The handgun itself and its connections to the

(7) Isolation Safeguards such as adequate booths, fencing, power supply shall be permitted within the Class I location.
railings, interlocks, or other means shall be placed about the
equipment or incorporated therein so that they, either by (3) Handle The handle of the spraying gun shall be electri-

cally connected to ground by a metallic connection and betheir location, character, or both, ensure that a safe separation
of the process is maintained. constructed so that the operator in normal operating position
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516.16 Article 516 — Spray Application, Dipping, and Coating Processes

is in intimate electrical contact with the grounded handle to The high-voltage circuits shall be designed so that any dis-
charge produced when the charging electrodes of the bedprevent buildup of a static charge on the operator’s body.

Signs indicating the necessity for grounding other persons are approached or contacted by a grounded object shall not
be of sufficient intensity to ignite any powder–air mixtureentering the spray area shall be conspicuously posted.
likely to be encountered or to result in an appreciable shock

(4) Electrostatic Equipment All electrically conductive hazard.
objects in the spraying area shall be adequately grounded.

(a) Transformers, power packs, control apparatus, andThis requirement shall apply to paint containers, wash cans,
all other electric portions of the equipment shall be locatedand any other electrical conductive objects or devices in the
outside the powder-coating area or shall otherwise complyarea. The equipment shall carry a prominent, permanently
with the requirements of 516.10(C)(1).installed warning regarding the necessity for this grounding

feature. Exception: The charging electrodes and their connections
to the power supply shall be permitted within the powder-

(5) Support of Objects Objects being painted shall be
coating area.

maintained in metallic contact with the conveyor or other
(b) All electrically conductive objects within the pow-grounded support. Hooks shall be regularly cleaned to ensure

der-coating area shall be adequately grounded. The powder-adequate grounding of 1 megohm or less. Areas of contact
coating equipment shall carry a prominent, permanently in-shall be sharp points or knife edges where possible. Points
stalled warning regarding the necessity for grounding theseof support of the object shall be concealed from random
objects.spray where feasible; and, where the objects being sprayed

are supported from a conveyor, the point of attachment to (c) Objects being coated shall be maintained in electri-
the conveyor shall be located so as to not collect spray cal contact (less than 1 megohm) with the conveyor or other
material during normal operation. [NFPA 33:Chapter 12] support in order to ensure proper grounding. Hangers shall

be regularly cleaned to ensure effective electrical contact.
(C) Powder Coating This section shall apply to processes Areas of electrical contact shall be sharp points or knife
in which combustible dry powders are applied. The hazards edges where possible.
associated with combustible dusts are present in such a pro-

(d) The electric equipment and compressed air supplies
cess to a degree, depending on the chemical composition of

shall be interlocked with a ventilation system so that the
the material, particle size, shape, and distribution.

equipment cannot be operated unless the ventilating fans are
in operation. [NFPA 33:Chapter 15](1) Electric Equipment and Sources of Ignition Electric

equipment and other sources of ignition shall comply with
516.16 Grounding

the requirements of Article 502. Portable electric lamps and
All metal raceways, the metal armors or metallic sheath onother utilization equipment shall not be used within a Class
cables, and all non–current-carrying metal parts of fixed orII location during operation of the finishing processes. Where
portable electrical equipment, regardless of voltage, shall besuch lamps or utilization equipment are used during cleaning
grounded as provided in Article 250. Grounding shall com-or repairing operations, they shall be of a type identified for
ply with 501.30, 502.30, or 505.25, as applicable.Class II, Division 1 locations, and all exposed metal parts

shall be effectively grounded.
NFPA 33, Standard for Spray Application Using Flammable

Exception: Where portable electric lamps are required for
or Combustible Materials, covers the spray application of

operations in spaces not readily illuminated by fixed lighting
flammable or combustible materials by means of compressed

within the spraying area, they shall be of the type listed for
air atomization, airless or hydraulic atomization, electro-

Class II, Division 1 locations where readily ignitible residues
static application methods, or any other means in continuous

may be present.
or intermittent processes. NFPA 33 also covers the applica-
tion of combustible powders applied by powder spray guns,(2) Fixed Electrostatic Spraying Equipment The provis-
electrostatic powder spray guns, and fluidized bed applica-ions of 516.10(A) and 516.10(C)(1) shall apply to fixed
tion method or electrostatic fluidized bed applicationelectrostatic spraying equipment.
method. NFPA 33 also contains requirements for the mainte-
nance of safe conditions as well as personal safety.(3) Electrostatic Hand-Spraying Equipment The provis-

ions of 516.10(B) and 516.10(C)(1) shall apply to electro- The proper maintenance and operation of processes and
process areas where flammable and combustible materialsstatic hand-spraying equipment.
are handled and applied are critical with respect to the protec-

(4) Electrostatic Fluidized Beds Electrostatic fluidized tion of life and property from fire or explosion. An analysis
beds and associated equipment shall be of identified types.
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516.16Article 516 — Spray Application, Dipping, and Coating Processes

of actual experience in industry demonstrates that the largest Where electrical equipment is installed in locations not
subject to deposits of combustible residues but, due to inade-fire losses and frequency of fires have occurred where the

proper codes and standards have not been used or applied quate ventilation, is subject to explosive concentrations of
flammable vapors or mists, only approved explosionproofproperly.
or other types of equipment approved for Class I, Division

Notes on Electrical Installations
1 locations (e.g., purged, pressurized, or intrinsically safe

The safety of life and property from fire or explosion as a equipment or systems) are permitted.
result of spray applications of flammable and combustible Where spray areas contain dangerous quantities of flam-
materials, such as paints, finishes, and adhesives, depends mable or combustible vapors, mists, residues, dusts, or de-
on the arrangement and operation of a particular installation. posits under normal operation, the adjacent unpartitioned
The principal hazards of spray application operations origi- areas, which are safe under normal operating conditions but
nate from flammable or combustible liquids or powders and which may become dangerous due to accident or careless op-
their vapors or mists, as well as from highly combustible eration, should be given consideration. Equipment known to
residues or powders. produce sparks or flames under normal operating conditions

Properly constructed spray booths, with adequate me- should not be installed in these adjacent unpartitioned areas.
chanical ventilation, may be used to discharge vapors or Where spraying operations are confined to adequately
powder to a safe location and reduce the possibility of an ventilated spray booths or rooms, there should be no deposits
explosion. In like manner, the accumulation of overspray of combustible residues or dangerous concentrations of flam-
residues, many of which are not only highly combustible mable vapors, mists, or dusts outside the spray booth under
but also subject to spontaneous ignition, can be controlled. normal operating conditions. In the interest of safety, how-

The elimination of all sources of ignition in those areas ever, unless separated by partitions, an area within a certain
where flammable or combustible liquids, vapors, mists, or distance [see 516.3(C)] of the Class I (or Class II), Division
combustible residues are present, together with constant su- 1 spraying area, depending on the arrangement, is classified
pervision and maintenance, is essential to the safe operation as Division 2; that is, the area should contain no equipment
of spraying. that produces ignition-capable sparks under normal opera-

The human element necessitates careful consideration tion. Furthermore, within this distance, electric lamps must
of the location of the operation and the installation of extin- be enclosed to prevent hot particles from falling on freshly
guishing equipment to reduce the possibility of fire spreading painted stock or other readily ignitible material and, if subject
to other property and to minimize the probability of damage to physical damage, must be properly guarded. See 516.7(B).
to other property. Even though it is assumed that areas adjacent to spray

No open flames or spark-producing equipment should booths (particularly where coating-material stocks are lo-
be in any area where, because of inadequate ventilation, cated) will be provided with ventilation sufficient to prevent
explosive vapor–air mixtures or mists are present. Equally the presence of flammable vapors or deposits, it is neverthe-
important, no open flames or spark-producing equipment less advisable that electric lamps be totally enclosed to pre-
should be located where highly combustible spray residues vent hot particles from falling in any area where there may
will be deposited on them. Because some residues may be be freshly painted stock, accidentally spilled flammable or
ignited at very low temperatures, additional consideration combustible materials, readily ignitible refuse, or flammable
must be given to operating temperatures of equipment sub- or combustible liquid containers that have been left open
ject to residue deposits. accidentally. See 516.7(B).

Many deposits may be ignited at temperatures produced Where electric lamps are in areas subject to atmospheres
by low-pressure steam pipes or incandescent light globes, of flammable vapor, lamps should be replaced while electric-
even fixtures of the explosionproof type. ity is off; otherwise, there may be a spark from this source.

It should be noted that electrical equipment is generally Sufficient lighting for coating operations, booth clean-
not permitted inside any spray booth, in the exhaust duct ing, and booth repair work should be provided at the time
from a spray booth, in the entrained air of an exhaust system the equipment is installed, to avoid the use of temporary or
from a spraying operation, or in the direct path of spray, emergency lamps connected to ordinary extension cords in
unless such equipment is specifically listed for both readily this area. See 516.4(D). A satisfactory and practical method
ignitible deposits and flammable vapor. of lighting is the use of 1⁄4-in.-thick wired or tempered glass

The determination of the extent of hazardous areas in- panels in the top or sides of the spray booth, with electrical
volved in spray application requires an understanding of the luminaires located outside the booth, avoiding the direct
multiple hazards of flammable vapors, mists, powders, and path of the spray. See 516.4(C).
highly combustible deposits applied at each individual loca- To prevent sparks from the accumulation of static elec-
tion. tricity, all electrically conductive objects, including metal
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516.16 Article 517 — Health Care Facilities

parts of spray booths, exhaust ducts, piping systems con-
517.14 Panelboard Bondingveying flammable or combustible liquids or paint, solvent
517.16 Receptacles with Insulated Groundingtanks, and canisters, should be properly grounded. See Sec-

Terminalstion 6.5 of NFPA 33 and Section 9.3 of NFPA 77, Recom-
517.17 Ground-Fault Protectionmended Practice on Static Electricity.

(A) Applicability
(B) Feeders
(C) SelectivityARTICLE 517
(D) Testing

Health Care Facilities 517.18 General Care Areas
(A) Patient Bed Location
(B) Patient Bed Location ReceptaclesSummary of Changes
(C) Pediatric Locations

• 517.13(A)& (B):Deleted reference to specific cable types. 517.19 Critical Care Areas
Any metal wiring method recognized by 250.118 as an (A) Patient Bed Location Branch Circuits
equipment grounding conductor is suitable for use in pa- (B) Patient Bed Location Receptacles
tient care areas. Paragraph (B) has been revised to require (C) Patient Vicinity Grounding and Bonding
that the insulated equipment grounding conductor be in- (Optional)
stalled in a metal raceway or as part of a listed cable with (D) Panelboard Grounding
a metallic armor or sheath assembly. (E) Additional Protective Techniques in Critical

Care Areas (Optional)• 517.17(A): Added requirement detailing the applicability
(F) Isolated Power System Groundingof 517.17 to multiple-occupancy buildings containing
(G) Special-Purpose Receptacle Groundinghealth care facilities with critical care areas or life-support

517.20 Wet Locationsequipment.
(A) Receptacles and Fixed Equipment• 517.26: Added requirement that the essential electrical
(B) Isolated Power Systemssystem meet the requirements of Article 700 unless

517.21 Ground-Fault Circuit-Interrupter Protectionamended by Article 517.
for Personnel

• 517.30(C)(3): Revised to permit the use of listed Types III. Essential Electrical System
AC and MC cables as a wiring method for the emergency 517.25 Scope
systems of health care facilities where the cable is fished 517.26 Application of Other Articles
into existing walls or ceilings. 517.30 Essential Electrical Systems for Hospitals

• 517.34(A)(6): Added requirement that certain ventilating (A) Applicability
system equipment be arranged for delayed automatic con- (B) General
nection to the alternate power source. (C) Wiring Requirements

(D) Capacity of Systems• 517.34(C): Added requirement that ac generator accesso-
(E) Receptacle Identificationries be arranged for non-delayed automatic connection to

517.31 Emergency Systemthe alternate power source.
517.32 Life Safety Branch

(A) Illumination of Means of Egress
Contents (B) Exit Signs

(C) Alarm and Alerting SystemsI. General
(D) Communications Systems517.1 Scope
(E) Generator Set Location517.2 Definitions
(F) ElevatorsII. Wiring and Protection
(G) Automatic Doors517.10 Applicability

517.33 Critical Branch(A) Applicability
(A) Task Illumination and Selected Receptacles(B) Not Covered
(B) Subdivision of the Critical Branch517.11 General Installation –– Construction Criteria

517.34 Equipment System Connection to Alternate517.12 Wiring Methods
Power Source517.13 Grounding of Receptacles and Fixed Electric

(A) Equipment for Delayed Automatic ConnectionEquipment in Patient Care Areas
(B) Equipment for Delayed Automatic or Manual(A) Wiring Methods

Connection(B) Insulated Equipment Grounding Conductor
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516.16Article 517 — Health Care Facilities

(C) AC Equipment for Nondelayed Automatic 517.62 Grounding
517.63 Grounded Power Systems in AnesthetizingConnection

517.35 Sources of Power Locations
(A) Battery-Powered Emergency Lighting Units(A) Two Independent Sources of Power

(B) Alternate Source of Power (B) Branch-Circuit Wiring
(C) Fixed Lighting Branch Circuits(C) Location of Essential Electrical System

Components (D) Remote-Control Stations
(E) Location of Isolated Power Systems517.40 Essential Electrical Systems for Nursing

Homes and Limited Care Facilities (F) Circuits in Anesthetizing Locations
517.64 Low-Voltage Equipment and Instruments(A) Applicability

(B) Inpatient Hospital Care Facilities (A) Equipment Requirements
(B) Power Supplies(C) Facilities Contiguous or Located on the Same

Site with Hospitals (C) Isolated Circuits
(D) Controls517.41 Essential Electrical Systems

(A) General (E) Battery-Powered Appliances
(F) Receptacles or Attachment Plugs(B) Transfer Switches

(C) Capacity of System V. X-Ray Installations
517.71 Connection to Supply Circuit(D) Separation from Other Circuits

(E) Receptacle Identification (A) Fixed and Stationary Equipment
(B) Portable, Mobile, and Transportable517.42 Automatic Connection to Life Safety

Branch Equipment
(C) Over 600-Volt Supply(A) Illumination of Means of Egress

(B) Exit Signs 517.72 Disconnecting Means
(A) Capacity(C) Alarm and Alerting Systems

(D) Communications Systems (B) Location
(C) Portable Equipment(E) Dining and Recreation Areas

(F) Generator Set Location 517.73 Rating of Supply Conductors and Overcurrent
Protection(G) Elevators

517.43 Connection to Critical Branch (A) Diagnostic Equipment
(B) Therapeutic Equipment(A) Delayed Automatic Connection

(B) Delayed Automatic or Manual Connection 517.74 Control Circuit Conductors
(A) Number of Conductors in Raceway517.44 Sources of Power

(A) Two Independent Sources of Power (B) Minimum Size of Conductors
517.75 Equipment Installations(B) Alternate Source of Power

(C) Location of Essential Electrical System 517.76 Transformers and Capacitors
517.77 Installation of High-Tension X-RayComponents

517.45 Essential Electrical Systems for Other Health Cables
517.78 Guarding and GroundingCare Facilities

(A) Essential Electrical Distribution (A) High-Voltage Parts
(B) Low-Voltage Cables(B) Electrical Life Support Equipment

(C) Critical Care Areas (C) Non–Current-Carrying Metal Parts
VI. Communications, Signaling Systems, Data Systems,(D) Power Systems

IV. Inhalation Anesthetizing Locations Fire Alarm Systems, and Systems Less Than 120 Volts,
Nominal517.60 Anesthetizing Location Classification

(A) Hazardous (Classified) Location 517.80 Patient Care Areas
517.81 Other-Than-Patient-Care Areas(B) Other-Than-Hazardous (Classified) Location

517.61 Wiring and Equipment 517.82 Signal Transmission Between Appliances
(A) General(A) Within Hazardous (Classified) Anesthetizing

Locations (B) Common Signal Grounding Wire
VII. Isolated Power Systems(B) Above Hazardous (Classified) Anesthetizing

Locations 517.160 Isolated Power Systems
(A) Installations(C) Other-Than-Hazardous (Classified)

Anesthetizing Locations (B) Line Isolation Monitor
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517.1 Article 517 — Health Care Facilities

Ambulatory Health Care Facility. A building or partFPN: Rules that are followed by a reference in brackets
contain text that has been extracted from NFPA 99-2002, thereof used to provide services or treatment to four or more
Standard for Health Care Facilities. Only editorial patients at the same time and meeting either (1) or (2).
changes were made to the extracted text to make it consis-
tent with this Code. (1) Those facilities that provide, on an outpatient basis,

treatment for patients that would render them incapable
I. General of taking action for self-preservation under emergency

conditions without assistance from others, such as he-517.1 Scope
modialysis units or freestanding emergency medical

The provisions of this article shall apply to electrical con- units.
struction and installation criteria in health care facilities that (2) Those facilities that provide, on an outpatient basis,
provide services to human beings. surgical treatment requiring general anesthesia.

The requirements in Parts II and III not only apply to
single-function buildings but are also intended to be individ-

Ambulatory health care facilities, such as outpatient surgeryually applied to their respective forms of occupancy within
centers, freestanding emergency medical centers, and hemo-a multifunction building (e.g., a doctor’s examining room
dialysis units, are subject to the requirements of Part II andlocated within a limited care facility would be required to
517.45. The definition of ambulatory health care facility inmeet the provisions of 517.10).
Article 517 correlates with the definition of the same term
in NFPA 99, Standard for Health Care Facilities.FPN: For information concerning performance, mainte-

nance, and testing criteria, refer to the appropriate health
care facilities documents.

Anesthetizing Location. Any area of a facility that has
The requirements of Article 517 are intended to apply to all been designated to be used for the administration of any
types of health care facilities. The requirements for each flammable or nonflammable inhalation anesthetic agent in
type of health care facility are nevertheless intended to be the course of examination or treatment, including the use
applied in a very specific manner. For example, in a suite of of such agents for relative analgesia.
doctors’ offices within an office building, a doctor’s business
office would be treated as an ordinary occupancy and would The definition of anesthetizing location recognizes that in
be required to meet only the applicable portions of other an emergency it may be necessary to administer an anesthetic
parts of this Code. However, the examining rooms attached almost anywhere in a health care facility. However, only
to the doctor’s business office would be required to meet those areas in a health care facility that are set aside specifi-
the provisions of Part II and 517.45 in Article 517. cally for the induction of anesthetics are required to meet

The scope of Article 517 also includes health care facili- the provisions of Part IV of Article 517. This definition and
ties that may be mobile or supply very limited outpatient the provisions of Part IV are not intended to apply to the
services. However, the scope does not include animal hospi- administering of analgesic or local anesthetics, such as might
tals or veterinary offices. be used in minor medical or dental procedures.

Other standards referenced in Article 517 are NFPA 99, The definition of anesthetizing location applies to health
Standard for Health Care Facilities; NFPA 101�, Life Safety care facilities where inhalation anesthetics are used for rela-
Code�; and NFPA 20, Standard for the Installation of Sta- tive analgesia. The term relative analgesia (see definition
tionary Pumps for Fire Protection. of this term in 517.2) is sometimes referred to as ‘‘conscious

sedation’’ and is a state of sedation in which the perception
of pain is partially blocked and the patient does not lose

517.2 Definitions consciousness. Oral surgeons often use this form of anesthe-
Alternate Power Source. One or more generator sets, or sia. For guidance on flammable anesthetizing locations, see
battery systems where permitted, intended to provide power Annex E of NFPA 99, Standard for Health Care Facilities.
during the interruption of the normal electrical services or
the public utility electrical service intended to provide power

Critical Branch. A subsystem of the emergency systemduring interruption of service normally provided by the gen-
erating facilities on the premises. consisting of feeders and branch circuits supplying energy

to task illumination, special power circuits, and selected
receptacles serving areas and functions related to patientAs stated in 517.30(B)(6), alternate power sources are per-
care, and which are connected to alternate power sourcesmitted to serve essential electrical systems of contiguous or
by one or more transfer switches during interruption of themultiple building facilities.
normal power source.

2005 National Electrical Code Handbook776

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



517.2Article 517 — Health Care Facilities

Monitor Hazard Current. The hazard current of the lineElectrical Life-Support Equipment. Electrically powered
equipment whose continuous operation is necessary to main- isolation monitor alone.
tain a patient’s life. Total Hazard Current. The hazard current of a given isolated

system with all devices, including the line isolation monitor,Emergency System. A system of circuits and equipment
connected.intended to supply alternate power to a limited number of

prescribed functions vital to the protection of life and safety. Health Care Facilities. Buildings or portions of buildings
in which medical, dental, psychiatric, nursing, obstetrical,
or surgical care are provided. Health care facilities include,The requirements for sizing a generator and a feeder capacity
but are not limited to, hospitals, nursing homes, limited carefor the essential electrical system in a health care facility
facilities, clinics, medical and dental offices, and ambulatoryare found in 517.30(D). Emergency systems in occupancies
care centers, whether permanent or movable.other than health care are installed primarily for life safety

and building evacuation. The emergency systems in hospitals
are for life safety systems as well as maintenance of power Definitions of hospital, nursing home, ambulatory health
for critical patient care systems. care facility, and limited care facility correlate with the cor-

responding definitions found in NFPA 101, Life Safety Code.

Equipment System. A system of circuits and equipment Hospital. A building or part thereof used for the medical,
arranged for delayed, automatic, or manual connection to psychiatric, obstetrical, or surgical care, on a 24-hour basis,
the alternate power source and that serves primarily 3-phase of four or more inpatients. Hospital, wherever used in this
power equipment. Code, shall include general hospitals, mental hospitals, tu-

berculosis hospitals, children’s hospitals, and any such facili-
Essential Electrical System. A system comprised of alter-

ties providing inpatient care.
nate sources of power and all connected distribution systems

Isolated Power System. A system comprising an isolatingand ancillary equipment, designed to ensure continuity of
transformer or its equivalent, a line isolation monitor, andelectrical power to designated areas and functions of a health
its ungrounded circuit conductors.care facility during disruption of normal power sources, and

also designed to minimize disruption within the internal Isolation Transformer. A transformer of the multiple-
wiring system. winding type, with the primary and secondary windings

physically separated, which inductively couples its second-Exposed Conductive Surfaces. Those surfaces that are ca-
ary winding to the grounded feeder systems that energizepable of carrying electric current and that are unprotected,
its primary winding.unenclosed, or unguarded, permitting personal contact.

Paint, anodizing, and similar coatings are not considered Life Safety Branch. A subsystem of the emergency system
suitable insulation, unless they are listed for such use. consisting of feeders and branch circuits, meeting the re-

quirements of Article 700 and intended to provide adequate
Fault Hazard Current. See Hazard Current.

power needs to ensure safety to patients and personnel,
and which are automatically connected to alternate powerFlammable Anesthetics. Gases or vapors, such as flurox-
sources during interruption of the normal power source.ene, cyclopropane, divinyl ether, ethyl chloride, ethyl ether,

and ethylene, which may form flammable or explosive mix- Limited Care Facility. A building or part thereof used on
tures with air, oxygen, or reducing gases such as nitrous a 24-hour basis for the housing of four or more persons who
oxide. are incapable of self-preservation because of age, physical

limitation due to accident or illness, or mental limitations,Flammable Anesthetizing Location. Any area of the facil-
such as mental retardation/developmental disability, mentality that has been designated to be used for the administration
illness, or chemical dependency.of any flammable inhalation anesthetic agents in the normal

course of examination or treatment. Line Isolation Monitor. A test instrument designed to con-
tinually check the balanced and unbalanced impedance from

Hazard Current. For a given set of connections in an iso-
each line of an isolated circuit to ground and equipped with

lated power system, the total current that would flow through
a built-in test circuit to exercise the alarm without adding

a low impedance if it were connected between either isolated
to the leakage current hazard.

conductor and ground.
Monitor Hazard Current. See Hazard Current.Fault Hazard Current. The hazard current of a given iso-

lated system with all devices connected except the line isola- Nurses’ Stations. Areas intended to provide a center of
nursing activity for a group of nurses serving bed patients,tion monitor.
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517.2 Article 517 — Health Care Facilities

bed location in a nursing home can be considered a patientwhere the patient calls are received, nurses are dispatched,
nurses’ notes written, inpatient charts prepared, and medica- care area if a person is examined or treated in that location.

However, it excludes such areas as laundry rooms, boilertions prepared for distribution to patients. Where such activi-
ties are carried on in more than one location within a nursing rooms, and utility areas, which, although routinely wet, are

not patient care areas. The governing body of the healthunit, all such separate areas are considered a part of the
nurses’ station. care facility may elect to include such areas as hydrotherapy

areas, dialysis laboratories, and certain wet laboratoriesNursing Home. A building or part thereof used for the
under this definition. Lavatories or bathrooms within a healthlodging, boarding, and nursing care, on a 24-hour basis, of
care facility are not intended to be classified as wet locations.four or more persons who, because of mental or physical
For infection control purposes, many patient and treatmentincapacity, may be unable to provide for their own needs
areas have a sink for hand washing, which also is not in-and safety without the assistance of another person. Nursing
tended to be a wet location.home, wherever used in this Code, shall include nursing and

convalescent homes, skilled nursing facilities, intermediate
care facilities, and infirmaries of homes for the aged.

Patient Equipment Grounding Point. A jack or terminal
Patient Bed Location. The location of an inpatient sleeping bus that serves as the collection point for redundant ground-
bed; or the bed or procedure table used in a critical patient ing of electric appliances serving a patient vicinity or for
care area. grounding other items in order to eliminate electromagnetic
Patient Care Area. Any portion of a health care facility interference problems.
wherein patients are intended to be examined or treated.

Patient Vicinity. In an area in which patients are normallyAreas of a health care facility in which patient care is admin-
cared for, the patient vicinity is the space with surfaces likelyistered are classified as general care areas or critical care
to be contacted by the patient or an attendant who can touchareas, either of which may be classified as a wet location.
the patient. Typically in a patient room, this encloses aThe governing body of the facility designates these areas in
space within the room not less than 1.8 m (6 ft) beyond theaccordance with the type of patient care anticipated and with
perimeter of the bed in its nominal location, and extendingthe following definitions of the area classification.
vertically not less than 2.3 m (71⁄2 ft) above the floor.

FPN: Business offices, corridors, lounges, day rooms,
dining rooms, or similar areas typically are not classified
as patient care areas. The patient vicinity is limited to patient beds in their normal

location, that is, the location of the bed as called for in theGeneral Care Areas. Patient bedrooms, examining rooms,
treatment rooms, clinics, and similar areas in which it is architect’s plans, rather than the temporary location of the

bed subject to movement by housekeeping staff or for theintended that the patient will come in contact with ordinary
appliances such as a nurse call system, electrical beds, exam- convenience of the medical staff.
ining lamps, telephone, and entertainment devices. In such
areas, it may also be intended that patients be connected to

Psychiatric Hospital. A building used exclusively for theelectromedical devices (such as heating pads, electrocardio-
psychiatric care, on a 24-hour basis, of four or more inpa-graphs, drainage pumps, monitors, otoscopes, ophthalmo-
tients.scopes, intravenous lines, etc.).

Critical Care Areas. Those special care units, intensive care Reference Grounding Point. The ground bus of the pan-
units, coronary care units, angiography laboratories, cardiac elboard or isolated power system panel supplying the patient
catheterization laboratories, delivery rooms, operating care area.
rooms, and similar areas in which patients are intended to

Relative Analgesia. A state of sedation and partial blockbe subjected to invasive procedures and connected to line-
of pain perception produced in a patient by the inhalationoperated, electromedical devices.
of concentrations of nitrous oxide insufficient to produceWet Locations. Those patient care areas that are normally
loss of consciousness (conscious sedation).subject to wet conditions while patients are present. These

include standing fluids on the floor or drenching of the work Selected Receptacles. A minimum number of electric re-
area, either of which condition is intimate to the patient ceptacles to accommodate appliances ordinarily required for
or staff. Routine housekeeping procedures and incidental local tasks or likely to be used in patient care emergencies.
spillage of liquids do not define a wet location.

Task Illumination. Provision for the minimum lighting re-
quired to carry out necessary tasks in the described areas,The definition of patient care area applies to hospitals as
including safe access to supplies and equipment, and accesswell as patient care areas in outpatient facilities. A patient
to exits.
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517.11Article 517 — Health Care Facilities

Therapeutic High Frequency Diathermy Equipment. In accordance with the conditions specified in 517.10(B)(2),
Therapeutic high-frequency diathermy equipment is thera- areas in nursing homes that are designated as patient sleeping
peutic induction and dielectric heating equipment. rooms are not considered to be patient care areas. This is

often the case in nursing homes where some residents requireTotal Hazard Current. See Hazard Current.
assistance to attend to their personal needs and safety but do

X-Ray Installations, Long-Time Rating. A rating based not require special medical care. However, areas of nursing
on an operating interval of 5 minutes or longer. homes in which it is intended that patients be examined or

treated can be considered patient bedrooms or examiningX-Ray Installations, Mobile. X-ray equipment mounted
rooms and are classified in the broader category as patienton a permanent base with wheels, casters, or a combination
care areas. See the definition of patient care area in 517.2.of both to facilitate moving the equipment while completely

See the Formal Interpretation on Article 517, Part IIassembled.
applicability.

X-Ray Installations, Momentary Rating. A rating based
on an operating interval that does not exceed 5 seconds.

517.11 General Installation —
X-Ray Installations, Portable. X-ray equipment designed Construction Criteria
to be hand carried. The purpose of this article is to specify the installation

criteria and wiring methods that minimize electrical hazardsX-Ray Installations, Transportable. X-ray equipment to
by the maintenance of adequately low potential differencesbe installed in a vehicle or that may be readily disassembled
only between exposed conductive surfaces that are likely tofor transport in a vehicle.
become energized and could be contacted by a patient.

II. Wiring and Protection FPN: In a health care facility, it is difficult to prevent
the occurrence of a conductive or capacitive path from
the patient’s body to some grounded object, because that

Formal Interpretation 99-1 path may be established accidentally or through instru-
Reference: Article 517, Part II mentation directly connected to the patient. Other electri-

cally conductive surfaces that may make an additional
Question: Does Part II of Article 517 of the NEC apply to contact with the patient, or instruments that may be con-
patient sleeping rooms of nursing homes or limited care nected to the patient, then become possible sources of
facilities where patient care activities do not involve the use electric currents that can traverse the patient’s body. The
of electrical or electronic life support systems; or invasive hazard is increased as more apparatus is associated with
procedures where patients are electrically connected to line the patient, and, therefore, more intensive precautions

are needed. Control of electric shock hazard requires theconnected electromedical devices?
limitation of electric current that might flow in an electric

Answer: No circuit involving the patient’s body by raising the resis-
tance of the conductive circuit that includes the patient,

Issue Edition: 1999 or by insulating exposed surfaces that might become
energized, in addition to reducing the potential differenceReference: Article 517
that can appear between exposed conductive surfaces in
the patient vicinity, or by combinations of these methods.Issue Date: August 1, 2000
A special problem is presented by the patient with an

Effective Date: August 21, 2000 externalized direct conductive path to the heart muscle.
The patient may be electrocuted at current levels so low
that additional protection in the design of appliances,
insulation of the catheter, and control of medical practice517.10 Applicability
is required.(A) Applicability Part II shall apply to patient care areas

of all health care facilities.
This fine print note recognizes the possibility of increased

(B) Not Covered Part II shall not apply to the following: sensitivity to electric shock by patients whose body resis-
tance may be compromised either accidentally or by a neces-(1) Business offices, corridors, waiting rooms, and the like
sary medical procedure. For example, incontinence or thein clinics, medical and dental offices, and outpatient
insertion of a catheter may render a patient much morefacilities
vulnerable to the effects of an electric current. Therefore, it(2) Areas of nursing homes and limited care facilities wired
is essential that those responsible for the design, installation,in accordance with Chapters 1 through 4 of this Code
and maintenance of the electrical system in patient care areaswhere these areas are used exclusively as patient sleep-
be well acquainted with at least the rudiments of the hazarding rooms
as explained in this note.

FPN: See NFPA 101�-2003, Life Safety Code�.
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517.12 Article 517 — Health Care Facilities

(B) Insulated Equipment Grounding Conductor TheSince the original recognition of this hazard in the 1971
Code, continued clinical evaluation of the problem has pro- grounding terminals of all receptacles and all non–current-

carrying conductive surfaces of fixed electric equipmentvided a better understanding of the extent of the hazard,
bringing about the changes in wiring methods found in the likely to become energized that are subject to personal con-

tact, operating at over 100 volts, shall be grounded by anCode.
The Code assigns responsibility for the designation of insulated copper conductor. The equipment grounding con-

ductor shall be sized in accordance with Table 250.122 andthe types of patient care areas to the governing body of the
health care facility. Both the design and the inspection of a installed in metal raceways or as a part of listed cables

having a metallic armor or sheath assembly with the branch-patient care area, therefore, must be based on the governing
body’s designation rather than the superficial appearance of circuit conductors supplying these receptacles or fixed equip-

ment.the area.

The requirements in 517.13(B) cover the second component
517.12 Wiring Methods of the redundant grounding approach. An insulated, copper

equipment grounding conductor sized in accordance withExcept as modified in this article, wiring methods shall
250.122 must be installed with the branch-circuit conductorscomply with the applicable requirements of Chapters 1
in the wiring method that meets the provisions of 517.13(A).through 4 of this Code.
The conductor can be either solid or stranded. It is not
required to run a separate, insulated equipment grounding517.13 Grounding of Receptacles and Fixed
conductor to the branch-circuit panelboard where the feederElectric Equipment in Patient Care Areas
wiring method is recognized as an equipment grounding

Wiring in patient care areas shall comply with 517.13(A) conductor per 250.118 or where the feeder wiring method
and 517.13(B). contains an equipment grounding conductor.

The grounding requirements of 517.13 for patient care
(A) Wiring Methods All branch circuits serving patient

areas are not limited to hospitals. They are also required for
care areas shall be provided with a ground path for fault

patient care areas in other health care facilities, such as
current by installation in a metal raceway system, or a cable

nursing homes, clinics, and medical and dental offices.
having a metallic armor or sheath assembly. The metal race-

Exception No. 1 to 517.13(B) permits metal faceplates
way system, or metallic cable armor, or sheath assembly

to be grounded by means of the metal mounting screws rather
shall itself qualify as an equipment grounding return path

than by having a separate equipment grounding conductor or
in accordance with 250.118.

bonding jumper run to the metal plate. See 404.9(B), which
requires switches and their metal faceplates to be effectively

The wiring method provisions of 517.13(A) apply to the grounded.
branch circuits in areas used for patient care and are not Exception No. 2 to 517.13(B) exempts luminaires
limited to patient rooms. Additional areas, such as examining mounted 71⁄2 ft above the floor and switches located outside
rooms, therapy areas, recreational areas, solaria, and certain the patient vicinity from redundant grounding requirements
patient corridors, are also included. The branch circuit wiring because it is unlikely that a patient would contact these items
method used in these areas is one component of a two-part or that an attendant would contact these items and a patient
redundant grounding scheme unique to patient care areas. at the same time. The patient vicinity space consists of a
The second component in this approach is the separate insu- volume 6 ft horizontally in all directions from the bed and
lated copper conductor required by 517.13(B). Therefore, vertically to 71⁄2 ft above the floor.
the metal raceway or metal cable armor or sheath must
qualify as an equipment grounding conductor in accordance

Exception No. 1: Metal faceplates shall be permitted to bewith 250.118, independent of any separate wire-type equip-
grounded by means of a metal mounting screw(s) securingment grounding conductor. Metal-sheathed cable assemblies
the faceplate to a grounded outlet box or grounded wiringare not permitted as a general wiring method for emergency
device.circuits in the patient vicinity because 517.30(C)(3) requires
Exception No. 2: Luminaires (light fixtures) more than 2.3such wiring to be protected by installation in metal raceways.
m (71⁄2 ft) above the floor and switches located outside ofHowever, flexible raceway and metal-sheathed cable assem-
the patient vicinity shall not be required to be grounded byblies that are listed are allowed for limited application in a
an insulated equipment grounding conductor.health care facility emergency system where used in listed

prefabricated headwalls, in office furnishings, or where they 517.14 Panelboard Bonding
are fished into existing walls or ceilings and are not subject

The equipment grounding terminal buses of the normal andto physical damage.
essential branch-circuit panelboards serving the same indi-
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517.17Article 517 — Health Care Facilities

vidual patient vicinity shall be bonded together with an disconnecting means (1000 amperes or more), the second
insulated continuous copper conductor not smaller than 10 level of GFPE is not based on the rating of the feeder
AWG. Where two or more panelboards serving the same disconnecting means, because the function of the second
individual patient vicinity are served from separate transfer level of GFPE is to provide the desired selectivity between
switches on the emergency system, the equipment grounding the feeder protective devices and the service or building
terminal buses of those panelboards shall be bonded together supply protective devices.
with an insulated continuous copper conductor not smaller With proper coordination, this additional ground-fault
than 10 AWG. This conductor shall be permitted to be broken protection is intended to limit a ground fault to a single
in order to terminate on the equipment grounding terminal feeder and thereby prevent a total power outage of the entire
bus in each panelboard. health facility. Coordination includes consideration of the

trip setting, the time setting, and the time required for opera-
tion (opening time) of each level of the ground-fault protec-Section 517.14 was expanded for the 2005 Code to require

that where two or more panelboards supply the same patient tion system.
For the 2005 Code, the requirement for providing twovicinity and are supplied from different emergency transfer

switches, the equipment grounding terminal bars must be levels of ground-fault protection has been extended to in-
clude health care facilities that are located in multiple-bonded together with an insulated conductor not smaller

than 10 AWG. occupancy buildings and whose building service discon-
necting means or the disconnecting means for a feeder sup-
plying the building is provided with ground-fault protection

517.16 Receptacles with Insulated
of equipment (GFPE) in accordance with 215.10 or 230.95

Grounding Terminals or GFPE has been provided at the discretion of the designer.
Receptacles with insulated grounding terminals, as permitted These multiple-occupancy buildings may be multiple medi-
in 250.146(D), shall be identified; such identification shall cal office or clinic-type occupancies or may be multiple
be visible after installation. occupancies of mixed use in which one or more of the

occupancies are health care facilities. As discussed, the selec-FPN: Caution is important in specifying such a system
tivity required by 517.17(C) is accomplished through thewith receptacles having insulated grounding terminals,

since the grounding impedance is controlled only by the installation of GFPE for all feeder disconnecting means in
equipment grounding conductors and does not benefit the first level of distribution downstream of the GFPE-pro-
functionally from any parallel grounding paths. This type tected service equipment or building disconnecting means.of installation is typically used where a reduction of

Therefore, any feeder supplied from this level of distributionelectrical noise (electromagnetic interference) is neces-
will be required to have GFPE protection regardless of thesary and parallel grounding paths are to be avoided.
occupancy type or use group.

It should be noted that the requirement for the secondThe requirement in 517.16 prevents indiscriminate use of
level of GFPE does not apply to all health care facilitiesisolated ground receptacles. Isolated ground receptacles are
located in multiple-occupancy buildings. Application of thisrequired to be identified by an orange triangle located on the
requirement applies only where the health care facility gov-face of the receptacle. Older isolated ground-type receptacles
erning authority has classified certain portions of the facilitymay be identified differently. The fine print note to 517.16
as critical care areas or where the types of procedures forwas revised in the 2005 Code to clarify that the isolated
which the facility is approved or licensed requires the useground is to minimize electrical noise, which can cause
of life support equipment. If there are no designated criticalinterference in sensitive electronic equipment.
care areas or life support equipment is not used, second level
GFPE is not required. Based on these criteria, most general

517.17 Ground-Fault Protection medical and dental practices located in multiple-occupancy
buildings will not be impacted by this requirement.

Wherever ground-fault protection of equipment is applied In addition, if the service is not provided with GFPE
to the service providing power to a health care facility, (either because it is not required by the Code or, if optional,
whether by design or by reason of the requirements of 215.10 has not been incorporated as part of the design), then, of
or 230.95, an additional level of ground-fault protection is course, the second level of GFPE becomes moot. In accor-
required downstream. Under this rule, ground-fault protec- dance with 517.45, health care facilities, such as clinics or
tion must be applied to every feeder, and additional ground- ambulatory care facilities, that use life support equipment
fault protective devices may be applied farther downstream or have areas designated as critical care are required to be
at the option of the governing body of the health care facility. provided with an essential electrical system that includes an
Unlike the requirements of 215.10 and 230.95 where manda- alternate power source.
tory GFPE protection is predicated on the rating of the In the case of existing multiple-occupancy buildings
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517.18 Article 517 — Health Care Facilities

that have GFPE for the service equipment, a tenant fit-up See 230.95(C) and its commentary for more information on
or renovation for a new health care occupancy may result performance testing.
in the need to also provide second-level GFPE for the feeders
supplying all other occupancy types in order to provide
the selectivity of GFPE operation required by this section. FPN: See 230.95, fine print note, for transfer of alternate

source where ground-fault protection is applied.Careful analysis of the impact of this requirement on the
existing service equipment may warrant an alternative ap-

(D) Testing When equipment ground-fault protection isproach such as installation of another service if permitted
first installed, each level shall be performance tested tounder the provisions of 230.2(A) through (D).
ensure compliance with 517.17(C).It is not intended that ground-fault protection be in-

stalled between the on-site generator and the transfer switch
517.18 General Care Areasor on the load side of the essential electrical system transfer
(A) Patient Bed Location Each patient bed location shallswitch. FPN No. 3 to 230.95(C) calls attention to problems
be supplied by at least two branch circuits, one from thethat may arise when ground-fault-protected systems are
emergency system and one from the normal system. Alltransferred to another supply system.
branch circuits from the normal system shall originate in
the same panelboard.

(A) Applicability The requirements of 517.17 shall apply Exception No. 1: Branch circuits serving only special-
to hospitals and other buildings (including multiple occu- purpose outlets or receptacles, such as portable X-ray out-
pancy buildings) with critical care areas or utilizing electrical lets, shall not be required to be served from the same distribu-
life support equipment, and buildings that provide the re- tion panel or panels.
quired essential utilities or services for the operation of Exception No. 2: Requirements of 517.18(A) shall not apply
critical care areas or electrical life support equipment. to patient bed locations in clinics, medical and dental offices,

and outpatient facilities; psychiatric, substance abuse, and
(B) Feeders Where ground-fault protection is provided for rehabilitation hospitals; sleeping rooms of nursing homes
operation of the service disconnecting means or feeder dis- and limited care facilities meeting the requirements of
connecting means as specified by 230.95 or 215.10, an addi- 517.10(B)(2).
tional step of ground-fault protection shall be provided in

Exception No. 3: A general care patient bed location servedall next level feeder disconnecting means downstream to-
from two separate transfer switches on the emergency systemward the load. Such protection shall consist of overcurrent
shall not be required to have circuits from the normal system.devices and current transformers or other equivalent protec-

tive equipment that shall cause the feeder disconnecting
Patient bed locations in general care areas are prohibitedmeans to open.
from deriving all their branch circuits from the emergencyThe additional levels of ground-fault protection shall
system. At least one branch circuit for each patient bednot be installed as follows:
location must originate in a normal system panelboard. This

(1) On the load side of an essential electrical system transfer is a reflection of the requirements in 517.33.
switch Exception No. 3 to 517.18 allows both of the two re-

(2) Between the on-site generating unit(s) described in quired branch circuits for the general care area to be supplied
517.35(B) and the essential electrical system transfer by the emergency system, provided they are supplied by
switch(es) two separate transfer switches. A normal branch circuit is

(3) On electrical systems that are not solidly grounded wye not required in this case. Two emergency branch circuits
systems with greater than 150 volts to ground but not have a higher reliability than one normal and one emergency
exceeding 600 volts phase-to-phase branch circuit.

(C) Selectivity Ground-fault protection for operation of the
(B) Patient Bed Location Receptacles Each patient bedservice and feeder disconnecting means shall be fully selec-

tive such that the feeder device, but not the service device, location shall be provided with a minimum of four recepta-
cles. They shall be permitted to be of the single or duplexshall open on ground faults on the load side of the feeder

device. A six-cycle minimum separation between the service types or a combination of both. All receptacles, whether
four or more, shall be listed ‘‘hospital grade’’ and so identi-and feeder ground-fault tripping bands shall be provided.

Operating time of the disconnecting devices shall be consid- fied. Each receptacle shall be grounded by means of an
insulated copper conductor sized in accordance with Tableered in selecting the time spread between these two bands

to achieve 100 percent selectivity. 250.122.
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517.19Article 517 — Health Care Facilities

Exception No. 1: Requirements of 517.18(B) shall not apply
to psychiatric, substance abuse, and rehabilitation hospitals
meeting the requirements of 517.10(B)(2).

Exception No. 2: Psychiatric security rooms shall not be
required to have receptacle outlets installed in the room.

FPN: It is not intended that there be a total, immediate
replacement of existing non–hospital grade receptacles.
It is intended, however, that non–hospital grade recepta-
cles be replaced with hospital grade receptacles upon
modification of use, renovation, or as existing receptacles
need replacement.

Since the 1990 Code, the provisions of 517.18(B) have
required hospital-grade receptacles in general care patient
bed locations. See the commentary following 517.19(B)(2)
for more information.

(C) Pediatric Locations Receptacles located within the
rooms, bathrooms, playrooms, activity rooms, and patient Exhibit 517.1 A tamper-resistant hospital-grade receptacle,
care areas of pediatric wards shall be listed tamper resistant identified by a green dot on its face, that fulfills the requirements
or shall employ a listed tamper resistant cover. of 517.18(B) and 517.18(C). (Courtesy of Pass & Seymour/Le-

grand�)

The receptacle safeguarding requirement of 517.18(C) was
Exception No. 2 to 517.19(A) covers the special case inrevised to cover all receptacles installed in the patient care
which two separate transfer switches supply a single patientareas of pediatric locations. This safeguarding can be
care area. Branch circuits supplied from two separate transferachieved through the use of either listed tamper-resistant
switches provide the same level of redundancy required byreceptacles or listed tamper-resistant covers. The use of lock-
the main requirement.ing covers over ordinary receptacles does not meet this re-

The requirements in 517.19(A) are similar to those inquirement. The 2005 Code has been revised to be more
517.18(A). See the commentary following 517.18(A), Ex-explicit in describing the types of pediatric locations that
ception No. 3.are subject to this requirement. Exhibit 517.1 shows a listed

tamper-resistant receptacle that can be used to comply with
517.18(C).

(B) Patient Bed Location Receptacles

(1) MinimumNumber and Supply Each patient bed loca-
tion shall be provided with a minimum of six receptacles,517.19 Critical Care Areas
at least one of which shall be connected to either of the(A) Patient Bed Location Branch Circuits Each patient
following:bed location shall be supplied by at least two branch circuits,
(1) The normal system branch circuit required in 517.19(A)one or more from the emergency system and one or more
(2) An emergency system branch circuit supplied by a dif-circuits from the normal system. At least one branch circuit

ferent transfer switch than the other receptacles at thefrom the emergency system shall supply an outlet(s) only
same locationat that bed location. All branch circuits from the normal

system shall be from a single panelboard. Emergency system
receptacles shall be identified and shall also indicate the The number and type of branch circuits required for patient
panelboard and circuit number supplying them. bed locations in critical care areas are covered in 517.19(A).

The number of receptacles and the type of circuit supplyingException No. 1: Branch circuits serving only special-
them are covered in 517.19(B). Each patient bed locationpurpose receptacles or equipment in critical care areas shall
must be provided with at least six receptacles. A singlebe permitted to be served by other panelboards.
receptacle counts as one receptacle, and a duplex receptacle

Exception No. 2: Critical care locations served from two counts as two receptacles; therefore, three duplex receptacles
separate transfer switches on the emergency system shall meet the requirement.
not be required to have circuits from the normal system.
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517.19 Article 517 — Health Care Facilities

Each patient bed location must be supplied by at least types or a combination of both. All receptacles, whether six
or more, shall be listed ‘‘hospital grade’’ and so identified.two branch circuits, one from the normal panel and one from

the emergency panel, as shown in Exhibit 517.2. The normal Each receptacle shall be grounded to the reference grounding
point by means of an insulated copper equipment groundingcircuits must be supplied from the same panel (L-1). The

emergency circuits are permitted to be supplied from differ- conductor.
ent panels (EML-1 and EML-2). However, the emergency
branch circuit to patient bed location A cannot supply emer- Installing the conductor inside the raceway with the conduc-
gency receptacles for patient bed location B. The patient tors delivering the fault current reduces the impedance of
bed location receptacles can also be supplied by two different the grounding path.
emergency circuits, instead of one emergency and one nor-
mal, provided the emergency circuits are supplied from two

(C) Patient Vicinity Grounding and Bonding (Optional)different emergency transfer switches.
Receptacles may be of the single or the duplex type, A patient vicinity shall be permitted to have a patient equip-

ment grounding point. The patient equipment groundingprovided they are listed hospital-grade type and are identified
as such. A typical method of marking hospital-grade recepta- point, where supplied, shall be permitted to contain one or

more listed grounding and bonding jacks. An equipmentcles is a green dot on the face of the receptacle, as shown
in Exhibit 517.1. The emergency system receptacles must bonding jumper not smaller than 10 AWG shall be used

to connect the grounding terminal of all grounding-typebe marked to indicate the panelboard and circuit number
supplying them. The requirements for the number and type receptacles to the patient equipment grounding point. The

bonding conductor shall be permitted to be arranged centri-of branch circuits in critical care areas are intended to ensure
that critical care patients will not be without electrical power cally or looped as convenient.
regardless of whether the equipment, the branch circuits, or

FPN: Where there is no patient equipment grounding
the normal system itself is at fault. point, it is important that the distance between the refer-

ence grounding point and the patient vicinity be as short
as possible to minimize any potential differences.

(D) Panelboard Grounding Where a grounded electrical
distribution system is used and metal feeder raceway or Type
MC or MI cable is installed, grounding of a panelboard or
switchboard shall be ensured by one of the following means
at each termination or junction point of the raceway or Type
MC or MI cable:

(1) A grounding bushing and a continuous copper bonding
jumper, sized in accordance with 250.122, with the
bonding jumper connected to the junction enclosure or
the ground bus of the panel

(2) Connection of feeder raceways or Type MC or MI cable
to threaded hubs or bosses on terminating enclosures

(3) Other approved devices such as bonding-type locknuts
or bushings

(E) Additional Protective Techniques in Critical Care
Areas (Optional) Isolated power systems shall be permitted
to be used for critical care areas, and, if used, the isolated
power system equipment shall be listed as isolated power
equipment. The isolated power system shall be designed and
installed in accordance with 517.160.

Patient bed location A Patient bed location B

Emergency 
circuit 1

Normal
circuits
1 and 2

Normal
circuits
1 and 2

Emergency 
circuit 1

EML-1 EML-2 L-1

Critical care 
area

Exception: The audible and visual indicators of the line
isolation monitor shall be permitted to be located at the

Exhibit 517.2 Examples of normal and emergency circuits sup- nursing station for the area being served.
plying patient bed locations in a critical care area.

(F) Isolated Power System Grounding Where an isolated
(2) Receptacle Requirements The receptacles required in ungrounded power source is used and limits the first-fault

current to a low magnitude, the grounding conductor associ-517.19(B)(1) shall be permitted to be of the single or duplex
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517.30Article 517 — Health Care Facilities

ated with the secondary circuit shall be permitted to be run care areas where the toilet and basin are installed within the
patient room.outside of the enclosure of the power conductors in the same

circuit.

In critical care areas, patients are bedridden. Bathroom ac-FPN: Although it is permitted to run the grounding con-
ductor outside of the conduit, it is safer to run it with commodations in the critical care area for patients are not
the power conductors to provide better protection in case the same as those in other patient areas. Because of the
of a second ground fault. unique use of the bathroom facility, only those receptacles

in the specific location are exempt from the GFCI require-(G) Special-Purpose Receptacle Grounding The equip-
ment. The provisions of 517.21 do not exempt the require-ment grounding conductor for special-purpose receptacles,
ments for GFCI-protected receptacles in other bathroomssuch as the operation of mobile X-ray equipment, shall be
for patients, staff, or the public, as required by 210.8(B)(1).extended to the reference grounding points of branch circuits

for all locations likely to be served from such receptacles.
Where such a circuit is served from an isolated ungrounded III. Essential Electrical System
system, the grounding conductor shall not be required to be

517.25 Scoperun with the power conductors; however, the equipment
The essential electrical system for these facilities shall com-grounding terminal of the special-purpose receptacle shall
prise a system capable of supplying a limited amount ofbe connected to the reference grounding point.
lighting and power service, which is considered essential

517.20 Wet Locations for life safety and orderly cessation of procedures during
the time normal electrical service is interrupted for any rea-

In areas that are designated patient care wet locations by son. This includes clinics, medical and dental offices, outpa-
the governing body of the facility, GFCI protection is re- tient facilities, nursing homes, limited care facilities,
quired for the protection of receptacles and fixed equipment hospitals, and other health care facilities serving patients.
if a circuit interruption can be tolerated. Otherwise, an iso-

FPN: For information on the need for an essential electri-
lated power system is required. See the commentary follow- cal system, see NFPA 99-2002, Standard for Health Care
ing the definition of patient care area in 517.2. Facilities.

517.26 Application of Other Articles
(A) Receptacles and Fixed Equipment All receptacles

The essential electrical system shall meet the requirements
and fixed equipment within the area of the wet location shall

of Article 700, except as amended by Article 517.
have ground-fault circuit-interrupter protection for personnel
if interruption of power under fault conditions can be toler-

With the addition of 517.26 to the 2005 Code, there is nowated, or be served by an isolated power system if such
a correlation between 700.6(D) and 517.30(B)(4), whichinterruption cannot be tolerated.
permits a single transfer switch to supply the emergency

Exception: Branch circuits supplying only listed, fixed, ther- system and also the equipment system in a small hospital
apeutic and diagnostic equipment shall be permitted to be with a maximum demand on the essential electrical system
supplied from a normal grounded service, single- or 3-phase of 150 kVa or less.
system, provided that Similar to the physical separation requirements for

(a) Wiring for grounded and isolated circuits does not emergency systems specified in 700.9(B), the physical sepa-
occupy the same raceway, and ration requirements for circuits supplied by essential electri-

cal systems (including the emergency system of a hospital)(b) All conductive surfaces of the equipment are
are covered in 517.30(C)(1) for hospitals and 517.41(D) forgrounded.
nursing homes and limited care facilities.

(B) Isolated Power Systems Where an isolated power sys-
tem is utilized, the isolated power equipment shall be listed

517.30 Essential Electrical Systems forHospitalsas isolated power equipment, and the isolated power system
(A) Applicability The requirements of Part III, 517.30shall be designed and installed in accordance with 517.160.
through 517.35, shall apply to hospitals where an essential

FPN: For requirements for installation of therapeutic
electrical system is required.pools and tubs, see Part VI of Article 680.

FPN No. 1: For performance, maintenance, and testing
requirements of essential electrical systems in hospitals,517.21 Ground-Fault Circuit-Interrupter
see NFPA 99-2002, Standard for Health Care Facilities.Protection for Personnel
For installation of centrifugal fire pumps, see NFPA 20-

Ground-fault circuit-interrupter protection for personnel 2002, Standard for the Installation of Stationary Fire
Pumps for Fire Protection.shall not be required for receptacles installed in those critical
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517.30 Article 517 — Health Care Facilities

FPN No. 2: For additional information, see NFPA 99-
2002, Standard for Health Care Facilities.

(B) General

(1) Separate Systems Essential electrical systems for hos-
pitals shall be comprised of two separate systems capable
of supplying a limited amount of lighting and power service,
which is considered essential for life safety and effective
hospital operation during the time the normal electrical ser-
vice is interrupted for any reason. These two systems shall
be the emergency system and the equipment system.

(2) Emergency Systems The emergency system shall be
limited to circuits essential to life safety and critical patient
care. These are designated the life safety branch and the
critical branch.

Normal power
source

Life safety
branch

Equipment
system

Essential electrical system

Alternate power
source

Automatic
switching
equipment

Nonessential
loads

Normal
supply

Critical
branch

(3) Equipment System The equipment system shall supply
major electrical equipment necessary for patient care and

FPN Figure 517.30, No. 2 Hospital — Minimum Requirementbasic hospital operation.
(150 kVA or less) for Transfer Switch Arrangement

(4) Transfer Switches The number of transfer switches
to be used shall be based on reliability, design, and load
considerations. Each branch of the emergency system and FPN Figure 517.30, No. 1 and FPN Figure 517.30, No. 2
each equipment system shall have one or more transfer illustrate possible electrical system connections for hospitals.
switches. One transfer switch shall be permitted to serve For a small electrical system having a maximum demand
one or more branches or systems in a facility with a maxi- on the essential electrical system of 150 kVA, see FPN
mum demand on the essential electrical system of 150 kVA. Figure 517.30, No. 2. A small load can be served by a single

transfer switch that can handle the loads associated withFPN No. 1: See NFPA 99-2002, Standard for Health
both the emergency system and the equipment system. This,Care Facilities: 4.4.3.2, Transfer Switch Operation Type
of course, is based on the assumption that the transfer switchI; 4.4.2.1.4, Automatic Transfer Switch Features; and

4.4.2.1.6, Nonautomatic Transfer Device Features. has sufficient capacity to handle the combined loads and
FPN No. 2: See FPN Figure 517.30, No. 1. that the alternate source of power is sufficiently large to
FPN No. 3: See FPN Figure 517.30, No. 2. withstand the impact of the simultaneous transfer of both

systems in the event of a normal power loss. For further
explanation of loads permitted on an emergency system, see
NFPA 99, Standard for Health Care Facilities, 4.4.2.2.

The requirement in 517.30(B)(6) correlates with
12.3.3.2 of NFPA 99.

(5) Other Loads Loads served by the generating equip-
ment not specifically named in Article 517 shall be served
by their own transfer switches such that the following condi-
tions apply:

(1) These loads shall not be transferred if the transfer will
overload the generating equipment.

(2) These loads shall be automatically shed upon generating
equipment overloading.

(6) Contiguous Facilities Hospital power sources and al-

Normal
source

Life safety
branch

Critical
branch

Emergency system

Equipment
system

Essential electrical system

Alternate power
source

Automatic
switching
equipment

Delayed
automatic
switching
equipment

Nonessential
loads

Normal
system

ternate power sources shall be permitted to serve the essential
electrical systems of contiguous or same site facilities.FPN Figure 517.30, No. 1 Hospital — Minimum Requirement

for Transfer Switch Arrangement [NFPA 99:13.3.4.3]
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517.30Article 517 — Health Care Facilities

(C) Wiring Requirements shall not be used for branch circuits that supply patient
care areas.(1) Separation fromOther Circuits The life safety branch

(2) Where encased in not less than 50mm (2 in.) of concrete,and critical branch of the emergency system shall be kept
Schedule 40 rigid nonmetallic conduit, flexible nonme-entirely independent of all other wiring and equipment and
tallic or jacketed metallic raceways, or jacketed metallicshall not enter the same raceways, boxes, or cabinets with
cable assemblies listed for installation in concrete. Non-each other or other wiring.
metallic raceways shall not be used for branch circuitsWiring of the life safety branch and the critical branch
that supply patient care areas.shall be permitted to occupy the same raceways, boxes, or

(3) Listed flexible metal raceways and listed metal sheathedcabinets of other circuits not part of the branch where such
cable assemblies in any of the following:wiring complies with one of the following:
a. Where used in listed prefabricatedmedical headwalls

(1) Is in transfer equipment enclosures
b. In listed office furnishings

(2) Is in exit or emergency luminaires (lighting fixtures)
c. Where fished into existing walls or ceilings, not oth-

supplied from two sources
erwise accessible and not subject to physical damage

(3) Is in a common junction box attached to exit or emer-
d. Where necessary for flexible connection to equip-

gency luminaires (lighting fixtures) supplied from two
ment

sources
(4) Flexible power cords of appliances or other utilization(4) Is for two or more emergency circuits supplied from

equipment connected to the emergency system.the same branch
(5) Secondary circuits of Class 2 or Class 3 communication

or signaling systemsThe wiring of the equipment system shall be permitted
to occupy the same raceways, boxes, or cabinets of other
circuits that are not part of the emergency system. Section 517.30(C)(3), Exception No. 1 through Exception

No. 5 in the 2002 Code have been revised as five conditions
that do not require the installation of conductors in nonflexi-Multiwire branch circuits supplied by the same panelboard
ble metal raceways.are permitted by 517.30(C)(1)(4).

New in the 2005 Code is permission to fish flexible
metal raceways and metal sheathed cables in existing instal-

(2) Isolated Power Systems Where isolated power sys- lations. This provision facilitates installations in renovated
tems are installed in any of the areas in 517.33(A)(1) and areas where the existing walls or ceilings remain intact.
(A)(2), each system shall be supplied by an individual circuit
serving no other load.

FPN: See 517.13 for additional grounding requirements
(3) Mechanical Protection of the Emergency System The in patient care areas.
wiring of the emergency system in hospitals shall bemechan-
ically protected. Where installed as branch circuits in patient

The secondary conductors of limited energy systems, suchcare areas, the installation shall comply with the require-
as nurse call, telephone, and alarm circuits, are exempt fromments of 517.13(A) and 517.13(B). The following wiring
being run in metal raceways, provided they comply withmethods shall be permitted:
their applicable articles elsewhere in the Code. Although
this requirement allows substantial latitude in the wiring

The wiring of emergency systems in hospitals requires addi- method, it should be noted that the restrictions of 300.22
tional protection not normally required in other occupancies. (ducts, plenums, and other air-handling spaces) apply, unless
Only metal raceways of the nonflexible type and Type MI cables specifically listed for use in these environments are
cable were permitted as a wiring method for hospital emer- used. See the requirements for these cables in Articles 725,
gency systems in the 2002Code. (Emergency system circuits 760, 770, 800, and 820.
can include services, feeders, and branch circuits.) As de-
scribed in 517.31, the emergency system in a hospital con-

(D) Capacity of Systems The essential electrical systemsists of the life safety branch and the critical branch. The
shall have adequate capacity to meet the demand for thefive exceptions to the requirement in 517.30(C)(3) became
operation of all functions and equipment to be served bypermissive rules in the 2005 Code to provide other means
each system and branch.of wiring branch circuits and Class 2 and Class 3 systems.

Feeders shall be sized in accordance with Articles 215
and 220. The generator set(s) shall have sufficient capacity
and proper rating to meet the demand produced by the load(1) Nonflexible metal raceways, Type MI cable, or Sched-

ule 80 rigid nonmetallic conduit. Nonmetallic raceways of the essential electrical system(s) at any given time.
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517.31 Article 517 — Health Care Facilities

Demand calculations for sizing of the generator set(s) passageways, stairways, and landings at exit doors, and all
necessaryways of approach to exits. Switching arrangementsshall be based on any of the following:
to transfer patient corridor lighting in hospitals from general

(1) Prudent demand factors and historical data
illumination circuits to night illumination circuits shall be

(2) Connected load
permitted, provided only one of two circuits can be selected

(3) Feeder calculation procedures described in Article 220
and both circuits cannot be extinguished at the same time.

(4) Any combination of the above
FPN: See NFPA 101-2003, Life Safety Code, Sections
7.8 and 7.9.The sizing requirements in 700.5 and 701.6 shall not

apply to hospital generator set(s).
(B) Exit Signs Exit signs and exit directional signs.

FPN: See NFPA 101-2003, Life Safety Code, SectionThe intent of 517.30(D) is to permit the sizing of generators
7.10.based on actual demand likely to be produced by the con-

nected load of the system at any one time. This method of (C) Alarm and Alerting Systems Alarm and alerting sys-
calculation facilitates practical sizing of generators in health tems including the following:
care facilities and helps eliminate prime mover operational

(1) Fire alarmsproblems associated with lightly loaded generators.

FPN: See NFPA 101-2003, Life Safety Code, Section
9.6 and 18.3.4.

(E) Receptacle Identification The cover plates for the
(2) Alarms required for systems used for the piping ofelectrical receptacles or the electrical receptacles themselves

nonflammable medical gasessupplied from the emergency system shall have a distinctive
color or marking so as to be readily identifiable. [NFPA

FPN: See NFPA 99-2002, Standard for Health Care
99:4.4.2.2.4.2(B)] Facilities, 4.4.2.2.2.2(3).

(D) Communications Systems Hospital communicationsThe 1999 Code required identification of cover plates or the
systems, where used for issuing instructions during emer-receptacles themselves where supplied by the critical branch
gency conditions.of the emergency system. This identification requirement

now applies to all receptacles supplied by the emergency
(E) Generator Set Location Task illumination battery

system and thus now also includes those receptacles supplied
charger for emergency battery-powered lighting unit(s) and

by the life safety branch.
selected receptacles at the generator set location.

(F) Elevators Elevator cab lighting, control, communica-
517.31 Emergency System tions, and signal systems.
Those functions of patient care depending on lighting or

(G) Automatic Doors Automatically operated doors usedappliances that are connected to the emergency system shall
for building egress. [NFPA 99:4.4.2.2.2.2]be divided into two mandatory branches: the life safety

branch and the critical branch, described in 517.32 and
517.33 Critical Branch517.33.

The branches of the emergency system shall be installed (A) Task Illumination and SelectedReceptacles The crit-
and connected to the alternate power source so that all func- ical branch of the emergency system shall supply power for
tions specified herein for the emergency system shall be task illumination, fixed equipment, selected receptacles, and
automatically restored to operation within 10 seconds after special power circuits serving the following areas and func-
interruption of the normal source. [NFPA 99:4.4.2.2.2.1, tions related to patient care:
4.4.3.1]

(1) Critical care areas that utilize anesthetizing gases— task
illumination, selected receptacles, and fixed equipment517.32 Life Safety Branch

(2) The isolated power systems in special environments
No function other than those listed in 517.32(A) through (3) Patient care areas — task illumination and selected re-
517.32(G) shall be connected to the life safety branch. The ceptacles in the following:
life safety branch of the emergency system shall supply

a. Infant nurseriespower for the following lighting, receptacles, and equipment.
b. Medication preparation areas
c. Pharmacy dispensing areas(A) Illumination of Means of Egress Illumination of

means of egress, such as lighting required for corridors, d. Selected acute nursing areas

2005 National Electrical Code Handbook788

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

--```,,``,`,,,`,`,`,`,,,,,,`,,,-`-`,,`,,`,`,,`---



517.34Article 517 — Health Care Facilities

e. Psychiatric bed areas (omit receptacles) subsequent connection of equipment described in 517.34(B).
[NFPA 99:4.4.2.2.3.2]f. Ward treatment rooms

g. Nurses’ stations (unless adequately lighted by corri-
Exception: For essential electrical systems under 150 kVA,dor luminaires)
deletion of the time-lag intervals feature for delayed auto-

(4) Additional specialized patient care task illumination and matic connection to the equipment system shall be permitted.
receptacles, where needed

(5) Nurse call systems (A) Equipment for Delayed Automatic Connection The
(6) Blood, bone, and tissue banks following equipment shall be arranged for delayed automatic
(7) Telephone equipment rooms and closets connection to the alternate power source:
(8) Task illumination, selected receptacles, and selected

(1) Central suction systems serving medical and surgicalpower circuits for the following:
functions, including controls. Such suction systems shall

a. General care beds (at least one duplex receptacle
be permitted on the critical branch.

per patient bedroom)
(2) Sump pumps and other equipment required to operate

b. Angiographic labs
for the safety of major apparatus, including associated

c. Cardiac catheterization labs
control systems and alarms.

d. Coronary care units
(3) Compressed air systems serving medical and surgical

e. Hemodialysis rooms or areas
functions, including controls. Such air systems shall be

f. Emergency room treatment areas (selected)
permitted on the critical branch.

g. Human physiology labs
(4) Smoke control and stair pressurization systems, or both.

h. Intensive care units
(5) Kitchen hood supply or exhaust systems, or both, if

i. Postoperative recovery rooms (selected)
required to operate during a fire in or under the hood.

(9) Additional task illumination, receptacles, and selected [NFPA 99:4.4.2.2.3.4(5)]
power circuits needed for effective hospital operation. (6) Supply, return, and exhaust ventilating systems for air-
Single-phase fractional horsepower motors shall be per- borne infectious/isolation rooms, protective environ-
mitted to be connected to the critical branch. [NFPA ment rooms, exhaust fans for laboratory fume hoods,
99:4.4.2.2.2.3(9)] nuclear medicine areas where radioactive material is

used, ethylene oxide evacuation and anesthesia evacua-
tion. Where delayed automatic connection is not appro-The critical branch is intended to serve a limited number of
priate, such ventilation systems shall be permitted to bereceptacles and locations, to reduce the load, and tominimize
placed on the critical branch. [NFPA 99:4.4.2.2.3.4(6)]the chances of a fault condition. Receptacles in general

patient care area corridors are permitted on the critical
branch, but they must be identified in some manner (color- Section 517.34(A)(6) was added in the 2005 Code for the
coded or labeled) as part of the emergency system, in accor- connection of equipment to the alternate power source. It
dance with 517.30(E). requires a delay in connecting supply, return, and exhaust

ventilating systems for the areas identified in this section.

(B) Subdivision of the Critical Branch It shall be permit-
ted to subdivide the critical branch into two or more

Exception: Sequential delayed automatic connection to thebranches.
alternate power source to prevent overloading the generator

FPN: It is important to analyze the consequences of sup- shall be permitted where engineering studies indicate it is
plying an area with only critical care branch power when necessary.
failure occurs between the area and the transfer switch.
Some proportion of normal and critical power or critical (B) Equipment for Delayed Automatic or Manual Con-power from separate transfer switches may be appro-

nection The following equipment shall be arranged for ei-priate.
ther delayed automatic or manual connection to the alternate
power source:517.34 Equipment System Connection to

Alternate Power Source (1) Heating equipment to provide heating for operating,
delivery, labor, recovery, intensive care, coronary care,The equipment system shall be installed and connected to

the alternate power source such that the equipment described nurseries, infection/isolation rooms, emergency treat-
ment spaces, and general patient rooms and pressurein 517.34(A) is automatically restored to operation at appro-

priate time-lag intervals following the energizing of the maintenance (jockey or make-up) pump(s) for water-
based fire protection systems.emergency system. Its arrangement shall also provide for the
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517.35 Article 517 — Health Care Facilities

Exception: Heating of general patient rooms and infection/ Section 517.34(C) was added to the 2005 Code to correlate
isolation rooms during disruption of the normal source shall with NFPA 99, Standard for Health Care Facilities,
not be required under any of the following conditions: 4.4.2.2.3.3, which pertains to associated support equipment

for proper operation of the emergency generator and requires(1) The outside design temperature is higher than �6.7�C
this equipment to be connected to the alternate power source.(20�F).
Some of the accessories essential to the operation of the(2) The outside design temperature is lower than �6.7�C
generator are the fuel transfer pump, electrically operated(20�F), and where a selected room(s) is provided for
ventilation louvers, and illumination at the generator.the needs of all confined patients, only such room(s)

need be heated.
(3) The facility is served by a dual source of normal power. 517.35 Sources of Power

(A) Two Independent Sources of Power Essential electri-FPN No. 1: The design temperature is based on the
971⁄2 percent design value as shown in Chapter 24 of the cal systems shall have a minimum of two independent
ASHRAE Handbook of Fundamentals (1997). sources of power: a normal source generally supplying the

entire electrical system and one or more alternate sources
for use when the normal source is interrupted. [NFPAIn some areas, it is common practice to install individual
99:4.4.1.1.4]room heating/air conditioning rather than to have a central

heating/air-conditioning plant. If these individual units are (B) Alternate Source of Power The alternate source of
electrically powered, it may not be practical to apply their power shall be one of the following:
high-demand load to the generator. If the governing body

(1) Generator(s) driven by some form of prime mover(s)of the nursing home has full-time skilled attendants who
and located on the premisescan move people to one or more room(s) that will be heated

(2) Another generating unit(s) where the normal sourcewhen this smaller load is picked up by the generator, the
consists of a generating unit(s) located on the premisesintent of the Code is satisfied. The provisions for limited

(3) An external utility service when the normal source con-heating during emergency conditions are based on consider-
sists of a generating unit(s) located on the premisesation of outside design temperature.

(4) A battery system located on the premises [NFPA
99:4.4.1.2]

FPN No. 2: For a description of a dual source of normal (C) Location of Essential Electrical System Components
power, see 517.35(C), FPN.

Careful consideration shall be given to the location of the
(2) An elevator(s) selected to provide service to patient, spaces housing the components of the essential electrical

surgical, obstetrical, and ground floors during interrup- system to minimize interruptions caused by natural forces
tion of normal power. In instances where interruption common to the area (e.g., storms, floods, earthquakes, or
of normal power would result in other elevators stopping hazards created by adjoining structures or activities). Consid-
between floors, throw-over facilities shall be provided eration shall also be given to the possible interruption of
to allow the temporary operation of any elevator for the normal electrical services resulting from similar causes as
release of patients or other persons who may be confined well as possible disruption of normal electrical service due
between floors. to internal wiring and equipment failures.

(3) Hyperbaric facilities. FPN: Facilities in which the normal source of power
(4) Hypobaric facilities. is supplied by two or more separate central station-fed

services experience greater than normal electrical service(5) Automatically operated doors.
reliability than those with only a single feed. Such a dual(6) Minimal electrically heated autoclaving equipment shall
source of normal power consists of two or more electricalbe permitted to be arranged for either automatic or
services fed from separate generator sets or a utility distri-

manual connection to the alternate source. bution network that has multiple power input sources
(7) Controls for equipment listed in 517.34. and is arranged to provide mechanical and electrical sepa-

ration so that a fault between the facility and the generat-(8) Other selected equipment shall be permitted to be served
ing sources is not likely to cause an interruption of moreby the equipment system. [NFPA 99:4.4.2.2.3.5(9)]
than one of the facility service feeders.

(C) AC Equipment for Nondelayed Automatic Connec-
517.40 Essential Electrical Systems for Nursingtion Generator accessories, including but not limited to, the
Homes and Limited Care Facilitiestransfer fuel pump, electrically operated louvers, and other

generator accessories essential for generator operation, shall (A) Applicability The requirements of Part III, 517.40(C)
through 517.44, shall apply to nursing homes and limitedbe arranged for automatic connection to the alternate power

source. [NFPA 99:4.4.2.2.3.3] care facilities.
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517.41Article 517 — Health Care Facilities

Exception: The requirements of Part III, 517.40(C) through If a nursing home or limited care facility shares essentially
517.44, shall not apply to freestanding buildings used as the same building with a hospital, the nursing home is not
nursing homes and limited care facilities, provided that the required to have its own essential electrical system as long
following apply: as it derives its power supply from the hospital. It should

be noted, however, that this rule applies only to the electrical(a) Admitting and discharge policies are maintained
supply and does not permit the sharing of transfer devicesthat preclude the provision of care for any patient or resident
and the like.who may need to be sustained by electrical life-support

equipment.

(b) No surgical treatment requiring general anesthesia FPN: For performance, maintenance, and testing re-
is offered. quirements of essential electrical systems in nursing

homes and limited care facilities, see NFPA 99-2002,(c) An automatic battery-operated system(s) or equip-
Standard for Health Care Facilities.

ment is provided that shall be effective for at least 11⁄2 hours
and is otherwise in accordance with 700.12 and that shall

517.41 Essential Electrical Systemsbe capable of supplying lighting for exit lights, exit corridors,
stairways, nursing stations, medical preparation areas, (A) General Essential electrical systems for nursing homes
boiler rooms, and communications areas. This system shall and limited care facilities shall be comprised of two separate
also supply power to operate all alarm systems. [NFPA branches capable of supplying a limited amount of lighting
99:17.3.4.1.2(3), 18.3.4.1.2(3)] and power service, which is considered essential for the

protection of life safety and effective operation of the institu-
tion during the time normal electrical service is interruptedNFPA 99, Standard for Health Care Facilities, recognizes
for any reason. These two separate branches shall be thetwo classes of nursing homes or limited care facilities. For
life safety branch and the critical branch. [NFPA 99:Annexthe smaller, less complex facility, only a minimum alternate
A, 4.5.2.2.1]lighting and alarm service needs to be furnished.

At nursing homes or limited care facilities where pa-
(B) Transfer Switches The number of transfer switchestients are sustained by electrical life-support equipment or
to be used shall be based on reliability, design, and loadinpatient hospital care is provided, the requirements of
considerations. Each branch of the essential electrical system517.41 through 517.44 apply. The branches of the emergency
shall be served by one or more transfer switches. One transfersystem for this class of occupancy bear identical titles to
switch shall be permitted to serve one or more branches ortheir counterparts for hospital-type occupancies.
systems in a facility with a maximum demand on the essen-
tial electrical system of 150 kVA. [NFPA 99:4.5.2.2.1]

FPN: See NFPA 101-2003, Life Safety Code. FPN No. 1: See NFPA 99-2002, Standard for Health
Care Facilities, 4.5.3.2, Transfer Switch Operation Type

(B) Inpatient Hospital Care Facilities Nursing homes and II; 4.4.2.1.4, Automatic Transfer Switch Features; and
4.4.2.1.6, Nonautomatic Transfer Device Features.limited care facilities that provide inpatient hospital care
FPN No. 2: See FPN Figure 517.41, No. 1.shall comply with the requirements of Part III, 517.30
FPN No. 3: See FPN Figure 517.41, No. 2.through 517.35.

(C) Capacity of System The essential electrical systemRegardless of the name given to the facility, the type of
shall have adequate capacity to meet the demand for theelectrical system depends on the type of patient care pro-
operation of all functions and equipment to be served byvided. If such care is clearly inpatient hospital care, a hospi-
each branch at one time.tal-type electrical system must be installed. The type of care

that can be provided at a nursing home or limited care facility (D) Separation from Other Circuits The life safety
is generally regulated through the administrative agency that branch shall be kept entirely independent of all other wiring
licenses the facility. and equipment and shall not enter the same raceways, boxes,

or cabinets with other wiring except as follows:

(C) Facilities Contiguous or Located on the Same Site (1) In transfer switches
(2) In exit or emergency luminaires (lighting fixtures) sup-with Hospitals Nursing homes and limited care facilities

that are contiguous or located on the same site with a hospital plied from two sources
(3) In a common junction box attached to exit or emergencyshall be permitted to have their essential electrical systems

supplied by that of the hospital. luminaires (lighting fixtures) supplied from two sources
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517.42 Article 517 — Health Care Facilities

herein shall be automatically restored to operation within
10 seconds after the interruption of the normal source. No
functions other than those listed in 517.42(A) through
517.42(G) shall be connected to the life safety branch. The
life safety branch shall supply power for the following light-
ing, receptacles, and equipment.

FPN: The life safety branch is called the emergency
system in NFPA 99-2002, Standard for Health Care
Facilities.

(A) Illumination of Means of Egress Illumination of
means of egress as is necessary for corridors, passageways,
stairways, landings, and exit doors and all ways of approach
to exits. Switching arrangement to transfer patient corridor
lighting from general illumination circuits shall be permitted,

Normal power
source

Life safety
branch

Critical
branch

Essential electrical system

Alternate power
source

Automatic
switching
equipment

Delayed
automatic
switching
equipment

Nonessential
loads

Normal
system

providing only one of two circuits can be selected and both
circuits cannot be extinguished at the same time.FPN Figure 517.41, No. 1 Nursing Home and Limited Health

Care Facilities — Minimum Requirement for Transfer Switch FPN: See NFPA 101-2003, Life Safety Code, Sections
Arrangement 7.8 and 7.9.

(B) Exit Signs Exit signs and exit directional signs.

FPN: See NFPA 101-2003, Life Safety Code, Section
7.10.

(C) Alarm and Alerting Systems Alarm and alerting sys-
tems, including the following:

(1) Fire alarms

FPN: See NFPA 101-2003, Life Safety Code, Sections
9.6 and 18.3.4.

(2) Alarms required for systems used for the piping of
nonflammable medical gases

FPN: See NFPA 99-2002, Standard for Health Care
Facilities, 4.4.2.2.2.2(3).

(D) Communications Systems Communications systems,

Normal power
source

Life safety
branch

Essential electrical system

Alternate power
source

Automatic
switching
equipment

Nonessential
loads

Normal
system

Critical
branch

where used for issuing instructions during emergency condi-
tions.FPN Figure 517.41, No. 2 Nursing Home and Limited Health

Care Facilities — Minimum Requirement (150 kVA or less)
(E) Dining and Recreation Areas Sufficient lighting infor Transfer Switch Arrangement
dining and recreation areas to provide illumination to exit
ways.

The wiring of the critical branch shall be permitted to
occupy the same raceways, boxes, or cabinets of other cir- (F) Generator Set Location Task illumination and se-
cuits that are not part of the life safety branch. lected receptacles in the generator set location.

(E) Receptacle Identification The cover plates for the (G) Elevators Elevator cab lighting, control, communica-
electrical receptacles or the electrical receptacles themselves tions, and signal systems. [NFPA 99:4.4.2.2.2.2(6),
supplied from the emergency system shall have a distinctive 4.5.2.2.2(7)]
color or marking so as to be readily identifiable. [NFPA 99:
4.5.2.2.4.2] 517.43 Connection to Critical Branch

The critical branch shall be installed and connected to the
517.42 Automatic Connection to Life alternate power source so that the equipment listed in
Safety Branch 517.43(A) shall be automatically restored to operation at

appropriate time-lag intervals following the restoration ofThe life safety branch shall be installed and connected to
the alternate source of power so that all functions specified the life safety branch to operation. Its arrangement shall also
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517.45Article 517 — Health Care Facilities

provide for the additional connection of equipment listed in 517.44 Sources of Power
517.43(B) by either delayed automatic or manual operation. (A) Two Independent Sources of Power Essential electri-

cal systems shall have a minimum of two independentException: For essential electrical systems under 150 kVA,
sources of power: a normal source generally supplying thedeletion of the time-lag intervals feature for delayed auto-
entire electrical system and one or more alternate sourcesmatic connection to the equipment system shall be permitted.
for use when the normal source is interrupted. [NFPA

(A) Delayed Automatic Connection The following equip- 99:4.4.1.1.4]
ment shall be connected to the critical branch and shall be
arranged for delayed automatic connection to the alternate (B) Alternate Source of Power The alternate source of
power source: power shall be a generator(s) driven by some form of prime

mover(s) and located on the premises.(1) Patient care areas — task illumination and selected re-
ceptacles in the following: Exception No. 1: Where the normal source consists of gener-
a. Medication preparation areas ating units on the premises, the alternate source shall be
b. Pharmacy dispensing areas either another generator set or an external utility service.
c. Nurses’ stations (unless adequately lighted by corri-

Exception No. 2: Nursing homes or limited care facilitiesdor luminaires)
meeting the requirements of 517.40(A), Exception, shall be

(2) Sump pumps and other equipment required to operate permitted to use a battery system or self-contained battery
for the safety of major apparatus and associated control integral with the equipment. [NFPA 99:17.3.4.1.3,
systems and alarms 18.3.4.1.1]

(3) Smoke control and stair pressurization systems
(4) Kitchen hood supply and/or exhaust systems, if required (C) Location of Essential Electrical System Components

to operate during a fire in or under the hood Careful consideration shall be given to the location of the
(5) Supply, return, and exhaust ventilating systems for air- spaces housing the components of the essential electrical

borne infectious isolation rooms system to minimize interruptions caused by natural forces
common to the area (e.g., storms, floods, earthquakes, or(B) Delayed Automatic or Manual Connection The fol-
hazards created by adjoining structures or activities). Consid-lowing equipment shall be connected to the critical branch
eration shall also be given to the possible interruption ofand shall be arranged for either delayed automatic or manual
normal electrical services resulting from similar causes asconnection to the alternate power source.
well as possible disruption of normal electrical service due

(1) Heating equipment to provide heating for patient rooms. to internal wiring and equipment failures.
Exception: Heating of general patient rooms during disrup-

FPN: Facilities in which the normal source of power
tion of the normal source shall not be required under any is supplied by two or more separate central station-fed
of the following conditions: services experience greater than normal electrical service

reliability than those with only a single feed. Such a dual(1) The outside design temperature is higher than �6.7�C
source of normal power consists of two or more electrical

(20�F). services fed from separate generator sets or a utility distri-
(2) The outside design temperature is lower than �6.7�C bution network that has multiple power input sources

and is arranged to provide mechanical and electrical sepa-(20�F) and where a selected room(s) is provided for the
ration so that a fault between the facility and the generat-needs of all confined patients, only such room(s) need
ing sources will not likely cause an interruption of morebe heated.
than one of the facility service feeders.

(3) The facility is served by a dual source of normal power
as described in 517.44(C), FPN.

517.45 Essential Electrical Systems for Other
FPN: The outside design temperature is based on the Health Care Facilities971⁄2 percent design values as shown in Chapter 24 of
the ASHRAE Handbook of Fundamentals (1997). (A) Essential Electrical Distribution The essential elec-

trical distribution system shall be a battery or generator(2) Elevator service — in instances where disruption of
system.power would result in elevators stopping between floors,

throw-over facilities shall be provided to allow the tem- FPN: See NFPA 99–2002, Standard for Health Care
porary operation of any elevator for the release of pas- Facilities.
sengers. For elevator cab lighting, control, and signal
system requirements, see 517.42(G). (B) Electrical Life Support Equipment Where electrical

life support equipment is required, the essential electrical(3) Additional illumination, receptacles, and equipment
shall be permitted to be connected only to the critical distribution system shall be as described in 517.30 through

517.35. [NFPA 99:14.3.4.2.1]branch. [NFPA 99:4.5.2.2.3.3(C)]
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517.60 Article 517 — Health Care Facilities

vices for the following reasons: (1) the Committee is(C) Critical Care Areas Where critical care areas are pres-
aware that some countries outside the United States stillent, the essential electrical distribution system shall be as
use this type of anesthetics and rely on the safety measuresdescribed in 517.30 through 517.35. [NFPA 99:14.3.4.2.2]
herein; and (2) while the Committee is unaware of any

(D) Power Systems Battery systems shall be installed in medical schools in the U.S. still teaching the proper use
of flammable anesthetics or any health care facilitiesaccordance with the requirements of Article 700, and genera-
in the U.S. using flammable anesthetics, retaining thistor systems shall be as described in 517.30 through 517.35.
material will serve as a reminder of the precautions that
would be necessary should the use of this type of anesthe-

The provisions of 517.45 and NFPA 99, Standard for Health tics be re-instituted.
Care Facilities, provide the essential electrical system re-
quirements for health care facilities other than hospitals, In 517.60, anesthetizing locations are designated either
nursing homes, and limited care facilities. These facilities as hazardous (classified) locations, where flammable or non-
include medical and dental offices and ambulatory health flammable anesthetics may be interchangeably employed
care facilities. Depending on the type and level of patient [517.60(A)], or as other-than-hazardous (classified) loca-
care, these facilities may require an alternate source of power tions, where only nonflammable anesthetics are used
since the patients are treated in essentially the same manner [517.60(B)]. In the case of the flammable anesthetizing loca-
as in hospitals, even though the facility may not be called tion, the entire volume of the room, extending upward from
a hospital. a level 5 ft above the floor to the surface of the structural

ceiling of the room and including the space between a drop
ceiling and the structural ceiling, is considered to be aboveIV. Inhalation Anesthetizing Locations
a hazardous (classified) location.

FPN: For further information regarding safeguards for
anesthetizing locations, see NFPA 99-2002, Standard for
Health Care Facilities. (B) Other-Than-Hazardous (Classified) Location Any

inhalation anesthetizing location designated for the exclusive
517.60 Anesthetizing Location Classification use of nonflammable anesthetizing agents shall be consid-

ered to be an other-than-hazardous (classified) location.FPN: If either of the anesthetizing locations in 517.60(A)
or 517.60(B) is designated a wet location, refer to 517.20.

517.61 Wiring and Equipment
(A) Hazardous (Classified) Location (A) Within Hazardous (Classified) Anesthetizing

Locations(1) Use Location In a location where flammable anesthe-
tics are employed, the entire area shall be considered to be (1) Isolation Except as permitted in 517.160, each power
a Class I, Division 1 location that extends upward to a level circuit within, or partially within, a flammable anesthetizing
1.52 m (5 ft) above the floor. The remaining volume up to location as referred to in 517.60 shall be isolated from any
the structural ceiling is considered to be above a hazardous distribution system by the use of an isolated power system.
(classified) location. [NFPA 99:Annex E, E.1, and E.2] [NFPA 99:Annex E, E.6.6.2]

(2) Storage Location Any room or location in which flam- (2) Design and Installation Where an isolated power sys-
mable anesthetics or volatile flammable disinfecting agents tem is utilized, the isolated power equipment shall be listed
are stored shall be considered to be a Class I, Division 1 as isolated power equipment, and the isolated power system
location from floor to ceiling. shall be designed and installed in accordance with 517.160.

(3) Equipment Operating at More Than 10 Volts In haz-Past editions of NFPA 99, Standard for Health Care Facili-
ardous (classified) locations referred to in 517.60, all fixedties, contained requirements for flammable anesthetizing lo-
wiring and equipment and all portable equipment, includingcations throughout the standard. Now, all of these
lamps and other utilization equipment, operating at morerequirements are located in Annex E of NFPA 99. The reason
than 10 volts between conductors shall comply with thefor this change is explained in the note to Annex E in NFPA
requirements of 501.1 through 501.25, and 501.100 through99, which reads as follows:
501.150, and 501.30(A) and 501.30(B) for Class I, Division

The text of this annex is a compilation of requirements 1 locations. All such equipment shall be specifically ap-
included in previous editions of NFPA 99 on safety proved for the hazardous atmospheres involved. [NFPA
practices for facilities that used flammable inhalation 99:Annex E, E.2.1, E.4.5, E.4.6, and E.4.7]
anesthetics. This material is being retained in this

(4) Extent of Location Where a box, fitting, or enclosureannex by the Technical Committee on Anesthesia Ser-
is partially, but not entirely, within a hazardous (classified)
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517.61Article 517 — Health Care Facilities

(5) Receptacles and Attachment Plugs Receptacles andlocation(s), the hazardous (classified) location(s) shall be
considered to be extended to include the entire box, fitting, attachment plugs located above hazardous (classified) anes-

thetizing locations shall be listed for hospital use for servicesor enclosure.
of prescribed voltage, frequency, rating, and number of con-

(5) Receptacles and Attachment Plugs Receptacles and ductors with provision for the connection of the grounding
attachment plugs in a hazardous (classified) location(s) shall conductor. This requirement shall apply to attachment plugs
be listed for use in Class I, Group C hazardous (classified) and receptacles of the 2-pole, 3-wire grounding type for
locations and shall have provision for the connection of a single-phase, 120-volt, nominal, ac service.
grounding conductor.

See the commentary following 517.19(B)(2) regarding re-(6) Flexible Cord Type Flexible cords used in hazardous
ceptacles listed for hospital use.(classified) locations for connection to portable utilization

equipment, including lamps operating at more than 8 volts
between conductors, shall be of a type approved for extra- (6) 250-Volt Receptacles and Attachment Plugs Rated
hard usage in accordance with Table 400.4 and shall include 50 and 60 Amperes Receptacles and attachment plugs rated
an additional conductor for grounding. 250 volts, for connection of 50-ampere and 60-ampere ac

medical equipment for use above hazardous (classified) loca-
(7) Flexible Cord Storage A storage device for the flexible tions, shall be arranged so that the 60-ampere receptacle
cord shall be provided and shall not subject the cord to will accept either the 50-ampere or the 60-ampere plug.
bending at a radius of less than 75 mm (3 in.). Fifty-ampere receptacles shall be designed so as not to accept

the 60-ampere attachment plug. The attachment plugs shall(B) Above Hazardous (Classified) Anesthetizing Loca-
be of the 2-pole, 3-wire design with a third contact connect-tions
ing to the insulated (green or green with yellow stripe)

(1) WiringMethods Wiring above a hazardous (classified) equipment grounding conductor of the electrical system.
location referred to in 517.60 shall be installed in rigid

(C) Other-Than-Hazardous (Classified) Anesthetizingmetal conduit, electrical metallic tubing, intermediate metal
Locationsconduit, Type MI cable, or Type MC cable that employs a

continuous, gas/vaportight metal sheath. (1) Wiring Methods Wiring serving other-than-hazardous
(classified) locations, as defined in 517.60, shall be installed

(2) Equipment Enclosure Installed equipment that may in a metal raceway system or cable assembly. The metal
produce arcs, sparks, or particles of hot metal, such as lamps raceway system or cable armor or sheath assembly shall
and lampholders for fixed lighting, cutouts, switches, genera- qualify as an equipment grounding return path in accordance
tors, motors, or other equipment having make-and-break or with 250.118. Type MC and Type MI cable shall have an
sliding contacts, shall be of the totally enclosed type or be outer metal armor or sheath that is identified as an acceptable
constructed so as to prevent escape of sparks or hot metal grounding return path.
particles.

Exception: Pendant receptacle constructions that employ at
Exception: Wall-mounted receptacles installed above the least Type SJO or equivalent flexible cords suspended not
hazardous (classified) location in flammable anesthetizing less than 1.8 m (6 ft) from the floor shall not be required
locations shall not be required to be totally enclosed or to be installed in a metal raceway or cable assembly.
have openings guarded or screened to prevent dispersion of

(2) Receptacles and Attachment Plugs Receptacles andparticles.
attachment plugs installed and used in other-than-hazardous
(classified) locations shall be listed for hospital use for ser-(3) Luminaires (Lighting Fixtures) Surgical and other lu-
vices of prescribed voltage, frequency, rating, and numberminaires (lighting fixtures) shall conform to 501.130(B).
of conductors with provision for connection of the grounding

Exception No. 1: The surface temperature limitations set conductor. This requirement shall apply to 2-pole, 3-wire
forth in 501.130(B)(1) shall not apply. grounding type for single-phase, 120-, 208-, or 240-volt,
Exception No. 2: Integral or pendant switches that are lo- nominal, ac service.
cated above and cannot be lowered into the hazardous (clas-
sified) location(s) shall not be required to be explosionproof. See the commentary following 517.19(B)(2) regarding re-

ceptacles listed for hospital use.(4) Seals Approved seals shall be provided in conformance
with 501.15, and 501.15(A)(4) shall apply to horizontal as
well as to vertical boundaries of the defined hazardous (clas- (3) 250-Volt Receptacles and Attachment Plugs Rated

50 Amperes and 60 Amperes Receptacles and attachmentsified) locations.
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517.62 Article 517 — Health Care Facilities

plugs rated 250 volts, for connection of 50-ampere and 60- (2) All conductive surfaces of the equipment are grounded.
(3) Equipment (except enclosed X-ray tubes and the leadsampere ac medical equipment for use in other-than-hazard-

ous (classified) locations, shall be arranged so that the 60- to the tubes) are located at least 2.5 m (8 ft) above the
floor or outside the anesthetizing location.ampere receptacle will accept either the 50-ampere or the

60-ampere plug. Fifty-ampere receptacles shall be designed (4) Switches for the grounded branch circuit are located
outside the hazardous (classified) location.so as not to accept the 60-ampere attachment plug. The

attachment plugs shall be of the 2-pole, 3-wire design with
Exception: Sections 517.63(B)(3) and (B)(4) shall not apply

a third contact connecting to the insulated (green or green
in other-than-hazardous (classified) locations.

with yellow stripe) equipment grounding conductor of the
electrical system. (C) Fixed Lighting Branch Circuits Branch circuits sup-

plying only fixed lighting shall be permitted to be supplied
517.62 Grounding by a normal grounded service, provided the following apply:
In any anesthetizing area, all metal raceways and metal-

(1) Such luminaires (fixtures) are located at least 2.5 m (8sheathed cables and all non–current-carrying conductive por-
ft) above the floor.tions of fixed electric equipment shall be grounded. Ground-

(2) All conductive surfaces of luminaires (fixtures) areing in Class I locations shall comply with 501.30.
grounded.

Exception: Equipment operating at not more than 10 volts (3) Wiring for circuits supplying power to luminaires (fix-
between conductors shall not be required to be grounded. tures) does not occupy the same raceway or cable for

circuits supplying isolated power.
(4) Switches are wall-mounted and located above hazardousThe grounding requirements for anesthetizing locations

(classified) locations.apply only to metal raceways, metal-sheathed cables, and
electrical equipment. Carts, tables, and other nonelectrical Exception: Sections 517.63(C)(1) and (C)(4) shall not apply
items are not required to be grounded. In flammable anesthe- in other-than-hazardous (classified) locations.
tizing locations, however, portable carts and tables usually
have a resistance to ground of not over 1,000,000 ohms, (D) Remote-Control Stations Wall-mounted remote-
through the use of conductive tires and wheels and conduc- control stations for remote-control switches operating at 24
tive flooring, to avoid the buildup of static electrical charges. volts or less shall be permitted to be installed in any anesthe-
See NFPA 99, Standard for Health Care Facilities, Annex tizing location.
E, E.6.6.8, for electrostatic safeguards.

(E) Location of Isolated Power Systems Where an iso-
lated power system is utilized, the isolated power equipment

517.63 Grounded Power Systems in shall be listed as isolated power equipment. Isolated power
Anesthetizing Locations equipment and its grounded primary feeder shall be permit-

ted to be located in an anesthetizing location, provided it is(A) Battery-Powered Emergency Lighting Units One or
installed above a hazardous (classified) location or in anmore battery-powered emergency lighting units shall be pro-
other-than-hazardous (classified) location.vided in accordance with 700.12(F).

(F) Circuits in Anesthetizing Locations Except as permit-
The failure of the emergency circuit feeder that supplies the ted above, each power circuit within, or partially within, a
operating room will ordinarily plunge the room into dark- flammable anesthetizing location as referred to in 517.60
ness. The requirement to install at least one battery-operated shall be isolated from any distribution system supplying
emergency lighting unit results in immediate illumination other-than-anesthetizing locations.
upon loss of power, which helps mitigate the potentially
dangerous impact of total power interruption. 517.64 Low-Voltage Equipment

and Instruments
(A) Equipment Requirements Low-voltage equipment(B) Branch-Circuit Wiring Branch circuits supplying
that is frequently in contact with the bodies of persons oronly listed, fixed, therapeutic and diagnostic equipment, per-
has exposed current-carrying elements shall comply withmanently installed above the hazardous (classified) location
one of the following:and in other-than-hazardous (classified) locations, shall be

permitted to be supplied from a normal grounded service, (1) Operate on an electrical potential of 10 volts or less
single- or three-phase system, provided the following apply: (2) Approved as intrinsically safe or double-insulated

equipment(1) Wiring for grounded and isolated circuits does not oc-
cupy the same raceway or cable. (3) Be moisture resistant
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517.73Article 517 — Health Care Facilities

Exception: Equipment properly supplied by a branch circuit(B) Power Supplies Power shall be supplied to low-volt-
age equipment from one of the following: rated at not over 30 amperes shall be permitted to be supplied

through a suitable attachment plug and hard-service cable(1) An individual portable isolating transformer (autotrans-
or cord.formers shall not be used) connected to an isolated

power circuit receptacle by means of an appropriate (B) Portable, Mobile, and Transportable Equipment In-
cord and attachment plug dividual branch circuits shall not be required for portable,

(2) A common low-voltage isolating transformer installed mobile, and transportable medical X-ray equipment requir-
in an other-than-hazardous (classified) location ing a capacity of not over 60 amperes.

(3) Individual dry-cell batteries
(4) Common batteries made up of storage cells located in (C) Over 600-Volt Supply Circuits and equipment oper-

an other-than-hazardous (classified) location ated on a supply circuit of over 600 volts shall comply with
Article 490.(C) Isolated Circuits Isolating-type transformers for sup-

plying low-voltage circuits shall have both of the following:
517.72 Disconnecting Means

(1) Approved means for insulating the secondary circuit
(A) Capacity A disconnecting means of adequate capacityfrom the primary circuit
for at least 50 percent of the input required for the momentary(2) The core and case grounded
rating or 100 percent of the input required for the long-time

(D) Controls Resistance or impedance devices shall be per- rating of the X-ray equipment, whichever is greater, shall
mitted to control low-voltage equipment but shall not be used be provided in the supply circuit.
to limit the maximum available voltage to the equipment.

(B) Location The disconnecting means shall be operable
(E) Battery-Powered Appliances Battery-powered appli- from a location readily accessible from the X-ray control.
ances shall not be capable of being charged while in opera-
tion unless their charging circuitry incorporates an integral (C) Portable Equipment For equipment connected to a
isolating-type transformer. 120-volt branch circuit of 30 amperes or less, a grounding-

type attachment plug and receptacle of proper rating shall(F) Receptacles or Attachment Plugs Any receptacle or
be permitted to serve as a disconnecting means.attachment plug used on low-voltage circuits shall be of a

type that does not permit interchangeable connection with
517.73 Rating of Supply Conductors andcircuits of higher voltage.
Overcurrent Protection

FPN: Any interruption of the circuit, even circuits as
(A) Diagnostic Equipmentlow as 10 volts, either by any switch or loose or defective

connections anywhere in the circuit, may produce a spark (1) BranchCircuits The ampacity of supply branch-circuitthat is sufficient to ignite flammable anesthetic agents.
conductors and the current rating of overcurrent protective
devices shall not be less than 50 percent of the momentaryV. X-Ray Installations
rating or 100 percent of the long-time rating, whichever is

Nothing in this part shall be construed as specifying safe- greater.
guards against the useful beam or stray X-ray radiation.

(2) Feeders The ampacity of supply feeders and the currentFPN No. 1: Radiation safety and performance require-
rating of overcurrent protective devices supplying two orments of several classes of X-ray equipment are regulated
more branch circuits supplying X-ray units shall not be lessunder Public Law 90-602 and are enforced by the Depart-

ment of Health and Human Services. than 50 percent of the momentary demand rating of the
FPN No. 2: In addition, information on radiation protec- largest unit plus 25 percent of the momentary demand rating
tion by the National Council on Radiation Protection and of the next largest unit plus 10 percent of the momentary
Measurements is published as Reports of the National

demand rating of each additional unit. Where simultaneousCouncil on Radiation Protection and Measurement.
biplane examinations are undertaken with the X-ray units,These reports are obtainable from NCRP Publications,
the supply conductors and overcurrent protective devicesP.O. Box 30175, Washington, DC 20014.
shall be 100 percent of the momentary demand rating of

517.71 Connection to Supply Circuit each X-ray unit.

(A) Fixed and Stationary Equipment Fixed and station-
FPN: The minimum conductor size for branch and feeder

ary X-ray equipment shall be connected to the power supply circuits is also governed by voltage regulation require-
by means of a wiring method that meets the general require- ments. For a specific installation, the manufacturer usu-

ally specifies minimum distribution transformer andments of this Code.
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517.74 Article 517 — Health Care Facilities

conductor sizes, rating of disconnecting means, and over- transformers, condensers, oil coolers, and high-voltage
current protection. switches, shall have insulation of the oil-resistant type.

(B) Therapeutic Equipment The ampacity of conductors (C) Noncurrent–Carrying Metal Parts Noncurrent-
and rating of overcurrent protective devices shall not be less carrying metal parts of X-ray and associated equipment (con-
than 100 percent of the current rating of medical X-ray trols, tables, X-ray tube supports, transformer tanks, shielded
therapy equipment. cables, X-ray tube heads, etc.) shall be grounded in the

manner specified in Article 250, as modified by 517.13(A)FPN: The ampacity of the branch-circuit conductors and
and 517.13(B).the ratings of disconnecting means and overcurrent pro-

tection for X-ray equipment are usually designated by
the manufacturer for the specific installation. VI. Communications, Signaling Systems,

Data Systems, Fire Alarm Systems,
517.74 Control Circuit Conductors and Systems Less Than 120 Volts,
(A) Number of Conductors in Raceway The number of Nominalcontrol circuit conductors installed in a raceway shall be
determined in accordance with 300.17. 517.80 Patient Care Areas

Equivalent insulation and isolation to that required for the(B) Minimum Size of Conductors Size 18 AWG or 16
electrical distribution systems in patient care areas shallAWG fixture wires as specified in 725.27 and flexible cords
be provided for communications, signaling systems, datashall be permitted for the control and operating circuits of
system circuits, fire alarm systems, and systems less thanX-ray and auxiliary equipment where protected by not larger
120 volts, nominal.than 20-ampere overcurrent devices.

FPN: An acceptable alternate means of providing isola-
tion for patient/nurse call systems is by the use of nonelec-517.75 Equipment Installations
trified signaling, communications, or control devices held

All equipment for new X-ray installations and all used or by the patient or within reach of the patient.
reconditioned X-ray equipment moved to and reinstalled at
a new location shall be of an approved type. 517.81 Other-Than-Patient-Care Areas

In other-than-patient-care areas, installations shall be in ac-
517.76 Transformers and Capacitors cordance with the appropriate provisions of Articles 640,
Transformers and capacitors that are part of X-ray equipment 725, 760, and 800.
shall not be required to comply with Articles 450 and 460.

Capacitors shall be mounted within enclosures of insu- 517.82 Signal Transmission Between Appliances
lating material or grounded metal. (A) General Permanently installed signal cabling from an

appliance in a patient location to remote appliances shall
517.77 Installation of High-Tension X-Ray employ a signal transmission system that prevents hazardous
Cables grounding interconnection of the appliances.
Cables with grounded shields connecting X-ray tubes and

FPN: See 517.13(A) for additional grounding require-
image intensifiers shall be permitted to be installed in cable ments in patient care areas.
trays or cable troughs along with X-ray equipment control
and power supply conductors without the need for barriers (B) Common Signal Grounding Wire Common signal
to separate the wiring. grounding wires (i.e., the chassis ground for single-ended

transmission) shall be permitted to be used between appli-
ances all located within the patient vicinity, provided the517.78 Guarding and Grounding
appliances are served from the same reference grounding(A) High-Voltage Parts All high-voltage parts, including
point.X-ray tubes, shall be mounted within grounded enclosures.

Air, oil, gas, or other suitable insulating media shall be used
VII. Isolated Power Systemsto insulate the high-voltage from the grounded enclosure.

The connection from the high-voltage equipment to X-ray 517.160 Isolated Power Systems
tubes and other high-voltage components shall be made with (A) Installations
high-voltage shielded cables.

(1) Isolated Power Circuits Each isolated power circuit
shall be controlled by a switch that has a disconnecting(B) Low-Voltage Cables Low-voltage cables connecting

to oil-filled units that are not completely sealed, such as pole in each isolated circuit conductor to simultaneously
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517.160Article 517 — Health Care Facilities

For 3-phase systems, the third conductor shall be identi-disconnect all power. Such isolation shall be accomplished
by means of one or more transformers having no electrical fied as yellow. Where isolated circuit conductors supply

125-volt, single-phase, 15- and 20-ampere receptacles, theconnection between primary and secondary windings, by
means of motor generator sets, or by means of suitably orange conductor(s) shall be connected to the terminal(s)

on the receptacles that are identified in accordance withisolated batteries.
200.10(B) for connection to the grounded circuit conductor.

(2) Circuit Characteristics Circuits supplying primaries
(6) Wire-Pulling Compounds Wire-pulling compoundsof isolating transformers shall operate at not more than 600
that increase the dielectric constant shall not be used on thevolts between conductors and shall be provided with proper
secondary conductors of the isolated power supply.overcurrent protection. The secondary voltage of such trans-

formers shall not exceed 600 volts between conductors of FPN No. 1: It is desirable to limit the size of the isolation
each circuit. All circuits supplied from such secondaries transformer to 10 kVA or less and to use conductor insula-

tion with low leakage to meet impedance requirements.shall be ungrounded and shall have an approved overcurrent
FPN No. 2: Minimizing the length of branch-circuit con-device of proper ratings in each conductor. Circuits supplied
ductors and using conductor insulations with a dielectricdirectly from batteries or from motor generator sets shall be
constant less than 3.5 and insulation resistance constantungrounded and shall be protected against overcurrent in
greater than 6100 megohm-meters (20,000 megohm-feet)

the same manner as transformer-fed secondary circuits. If at 16�C (60�F) reduces leakage from line to ground,
an electrostatic shield is present, it shall be connected to the reducing the hazard current.
reference grounding point. [NFPA 99:4.3.2.6.1]

See Exhibit 517.3 for an example of a hospital isolated(3) Equipment Location The isolating transformers,
power system panel.motor generator sets, batteries and battery chargers, and

associated primary or secondary overcurrent devices shall
not be installed in hazardous (classified) locations. The iso-
lated secondary circuit wiring extending into a hazardous
anesthetizing location shall be installed in accordance with
501.10.

(4) Isolation Transformers An isolation transformer shall
not serve more than one operating room except as covered
in (A)(4)(a) and (A)(4)(b).

For purposes of this section, anesthetic induction rooms
are considered part of the operating room or rooms served
by the induction rooms.

(a) Induction Rooms. Where an induction room serves
more than one operating room, the isolated circuits of the
induction room shall be permitted to be supplied from the
isolation transformer of any one of the operating rooms
served by that induction room.

(b) Higher Voltages. Isolation transformers shall be per-
mitted to serve single receptacles in several patient areas
where the following apply:

(1) The receptacles are reserved for supplying power to
equipment requiring 150 volts or higher, such as porta-
ble X-ray units.

(2) The receptacles and mating plugs are not interchange-
Exhibit 517.3 An example of a hospital isolated power systemable with the receptacles on the local isolated power
panel with built-in isolation transformer, line isolation monitor,

system. [NFPA 99:13.4.1.2.6.6] load center, and grounded busbar. (Courtesy of Square D Co.)

(5) Conductor Identification The isolated circuit conduc-
tors shall be identified as follows: (B) Line Isolation Monitor

(1) Isolated Conductor No. 1 — Orange (1) Characteristics In addition to the usual control and
overcurrent protective devices, each isolated power system(2) Isolated Conductor No. 2 — Brown
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518.1 Article 518 — Assembly Occupancies

shall be provided with a continually operating line isolation ARTICLE 518
monitor that indicates total hazard current. The monitor shall Assembly Occupanciesbe designed such that a green signal lamp, conspicuously
visible to persons in each area served by the isolated power
system, remains lighted when the system is adequately iso- Summary of Changes
lated from ground. An adjacent red signal lamp and an • Article Title, 518.1, 518.2(A), 518.2(B): Aligned NEC
audible warning signal (remote if desired) shall be energized with NFPA 1, NFPA 101�, and NFPA 5000� by changing
when the total hazard current (consisting of possible resistive ‘‘Places of Assembly’’ to ‘‘Assembly Occupancies.’’
and capacitive leakage currents) from either isolated conduc-

• 518.2(A): Revised to include all auditoriums, to replacetor to ground reaches a threshold value of 5 mA under
church chapels with places of religious worship, and tonominal line voltage conditions. The line monitor shall not
include drinking facilities as examples of assembly occu-alarm for a fault hazard of less than 3.7 mA or for a total
pancies.hazard current of less than 5 mA.

• 518.2(B): Revised to make it clear that only a part of a
Exception: A system shall be permitted to be designed to building needs to be classified as an assembly occupancy
operate at a lower threshold value of total hazard current. in buildings containing an assembly occupancy plus other
A line isolation monitor for such a system shall be permitted occupancy types.
to be approved with the provision that the fault hazard cur-

• 518.4(C): Revised to delete college and university class-
rent shall be permitted to be reduced but not to less than

rooms, drinking establishments, and passenger stations as
35 percent of the corresponding threshold value of the total

assembly occupancies in which nonmetallic wiring meth-
hazard current, and the monitor hazard current is to be

ods can be installed within spaces with a 15-minute finish
correspondingly reduced to not more than 50 percent of the

rating.
alarm threshold value of the total hazard current.

(2) Impedance The line isolation monitor shall be designed
to have sufficient internal impedance such that, when prop- Contents
erly connected to the isolated system, the maximum internal 518.1 Scope
current that can flow through the line isolation monitor, 518.2 General Classification
when any point of the isolated system is grounded, shall be (A) Examples
1 mA. (B) Multiple Occupancies

(C) Theatrical AreasException: The line isolation monitor shall be permitted to
518.3 Other Articlesbe of the low-impedance type such that the current through

(A) Hazardous (Classified) Areasthe line isolation monitor, when any point of the isolated
(B) Temporary Wiringsystem is grounded, will not exceed twice the alarm threshold
(C) Emergency Systemsvalue for a period not exceeding 5 milliseconds.

518.4 Wiring Methods
(A) GeneralFPN: Reduction of the monitor hazard current, provided

this reduction results in an increased ‘‘not alarm’’ thresh- (B) Nonrated Construction
old value for the fault hazard current, will increase circuit (C) Spaces with Finish Rating
capacity. 518.5 Supply

(3) Ammeter An ammeter calibrated in the total hazard
518.1 Scopecurrent of the system (contribution of the fault hazard current

plus monitor hazard current) shall be mounted in a plainly Except for the assembly occupancies explicitly covered by
visible place on the line isolation monitor with the ‘‘alarm 520.1, this article covers all buildings or portions of buildings
on’’ zone at approximately the center of the scale. or structures designed or intended for the gathering together

of 100 or more persons for such purposes as deliberation,
Exception: The line isolation monitor shall be permitted to

worship, entertainment, eating, drinking, amusement,
be a composite unit, with a sensing section cabled to a

awaiting transportation, or similar purposes.
separate display panel section on which the alarm or test
functions are located.

Article 518 applies to assembly occupancies designed or
intended for 100 or more persons. Article 518 would apply,FPN: It is desirable to locate the ammeter so that it

is conspicuously visible to persons in the anesthetizing for example, to a church chapel or auditorium for occupancy
location.
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518.1Article 518 — Assembly Occupancies

of the space under consideration, whichever is greater.of 100 or more persons, its capacity determined by the
[NFPA 101:12.1.7]methods for occupancy population capacity in accordance

with NFPA 101, Life Safety Code. Article 518 does not apply �
to supermarkets; even though a supermarket may contain 100 7.3.1 Occupant Load.
or more persons, it is not specifically designed or intended
for the assembly of persons, nor is it considered to be an 7.3.1.1 Sufficient Capacity for Occupant Load. The
auditorium. Article 518 does not apply to office buildings total capacity of the means of egress for any story,
or schools, even though such buildings, as a rule, are de- balcony, tier, or other occupied space shall be sufficient
signed for occupancy by 100 or more persons. Article 518 for the occupant load thereof.
does, however, apply to assembly halls, restaurants, and so
on, within an office or school building if these parts of the 7.3.1.2 Occupant Load Factor. The occupant load in

any building or portion thereof shall be not less thanbuilding are designed or intended for the assembly of 100
or more persons. the number of persons determined by dividing the

floor area assigned to that use by the occupant loadThe following information for determining new assem-
bly occupancy capacity is extracted from NFPA 101, Life factor for that use as specified in Table 7.3.1.2 [shown

here as Commentary Table 5.4]. Where both gross andSafety Code:
net area figures are given for the same occupancy,

12.1.7 Occupant Load. calculations shall be made by applying the gross area
figure to the gross area of the portion of the building12.1.7.1 General. The occupant load, in number of
devoted to the use for which the gross area figure ispersons for whom means of egress and other provis-
specified and by applying the net area figure to theions are required, shall be determined on the basis of
net area of the portion of the building devoted to thethe occupant load factors of [Commentary Table 5.4]
use for which the net area figure is specified. [NFPAthat are characteristic of the use of the space or shall
101:12.1.7]be determined as the maximum probable population

Commentary Table 5.4 Occupant Load Factor

Use m2 (per person)1 ft2 (per person)1

Assembly Use
Concentrated use, without fixed 0.65 net 7 net

seating

Less concentrated use, without fixed 1.4 net 15 net
seating

Bench-type seating 1 person/455 linear mm 1 person/18 linear in.

Fixed seating Number of fixed seats Number of fixed seats

Waiting spaces See 12.1.7.2 and 13.1.7.2 See 12.1.7.2 and 13.1.7.2

Kitchens 9.3 100

Library stack areas 9.3 100

Library reading rooms 4.6 net 50 net

Swimming pools 4.6 (water surface) 50 (water surface)

Swimming pool decks 2.8 30

Exercise rooms with equipment 4.6 50

Exercise rooms without equipment 1.4 15

Stages 1.4 net 15 net

Lighting and access catwalks, 9.3 net 100 net
galleries, gridirons

Casinos and similar gaming areas 1 11

Skating rinks 4.6 50

(continues)
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518.1 Article 518 — Assembly Occupancies

Commentary Table 5.4 Continued

Use m2 (per person)1 ft2 (per person)1

Educational Use

Classrooms 1.9 net 20 net

Shops, laboratories, vocational rooms 4.6 net 50 net

Day-Care Use 3.3 net 35 net

Health Care Use

Inpatient treatment departments 22.3 240

Sleeping departments 11.1 120

Detention and Correctional Use 11.1 120

Residential Use

Hotels and dormitories 18.6 200

Apartment buildings 18.6 200

Board and care, large 18.6 200

Industrial Use

General and high hazard industrial 9.3 100

Special purpose industrial NA NA

Business Use 9.3 100

Storage Use
(other than mercantile storerooms) NA NA

Mercantile Use

Sales area on street floor2,3 2.8 30

Sales area on two or more street floors 3 3.7 40

Sales area on floor below street floor 3 2.8 30

Sales area on floors above street floor 3 5.6 60

Floors or portions of floors used only See business use See business use
for offices

Floors or portions of floors used only 27.9 300
for storage, receiving, and shipping,
and not open to general public

Mall buildings4 Per factors applicable to Per factors applicable to
use of space5 use of space5

Note: NA � not applicable. The occupant load is the maximum probable number of occupants present at
any time.
1All factors are expressed in gross area unless marked ‘‘net.’’
2For the purpose of determining occupant load in mercantile occupancies where, due to differences in grade
of streets on different sides, two or more floors directly accessible from streets (not including alleys or
similar back streets) exist, each such floor is permitted to be considered a street floor. The occupant load
factor is one person for each 3.7 m2(40 ft2) of gross floor area of sales space.
3For the purpose of determining occupant load in mercantile occupancies with no street floor, as defined in
3.3.216, but with access directly from the street by stairs or escalators, the floor at the point of entrance to the
mercantile occupancy is considered the street floor.
4For any food court or other assembly use areas located in the mall that are not included as a portion of the
gross leasable area of the mall building, the occupant load is calculated based on the occupant load factor for
that use as specified in Table 7.3.1.2. The remaining mall area is not required to be assigned an occupant
load.
5The portions of the mall that are considered a pedestrian way and not used as gross leasable area are not
required to be assessed an occupant load based on Table 7.3.1.2. However, means of egress from a mall
pedestrian way are required to be provided for an occupant load determined by dividing the gross leasable
area of the mall building (not including anchor stores) by the appropriate lowest whole number occupant load
factor from Figure 7.3.1.2(a) or Figure 7.3.1.2(b).
Each individual tenant space is required to have means of egress to the outside or to the mall based on
occupant loads calculated by using the appropriate occupant load factor from Table 7.3.1.2.
Each individual anchor store is required to have means of egress independent of the mall.
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518.4Article 518 — Assembly Occupancies

(B) TemporaryWiring In exhibition halls used for display518.2 General Classification
booths, as in trade shows, the temporary wiring shall be(A) Examples Assembly occupancies shall include, but not
installed in accordance with Article 590. Flexible cablesbe limited to, the following:
and cords approved for hard or extra-hard usage shall be
permitted to be laid on floors where protected from contact

A task group consisting of members of Code-Making Panel
by the general public. The ground-fault circuit-interrupter

15 and the NFPA 101 and NFPA 5000 committees was
requirements of 590.6 shall not apply.

formed to discuss the definition of assembly occupancy and
the classification of various assembly occupancies. The clas-

A treadle, such as the one shown in Exhibit 518.1, is ansification examples in 518.2(A) were revised for the 2005
example of a protection technique used to protect cords fromCode, and the terminology was changed to specifically iden-
abuse in areas where the cords are laid across pedestriantify those portions of a building that are assembly occupan-
ways. For example, treadles may be used to protect tempo-cies. This terminology change helps to correlate the Code
rary wiring used in exhibition halls.with other NFPA standards.

Armories Exhibition halls
Assembly halls Gymnasiums
Auditoriums Mortuary chapels
Bowling lanes Multipurpose rooms
Club rooms Museums
Conference rooms Places of awaiting transportation
Courtrooms Places of religious worship
Dance halls Pool rooms
Dining and drinking Restaurants

facilities Skating rinks

(B) Multiple Occupancies Where an assembly occupancy
forms a portion of a building containing other occupancies,
Article 518 applies only to that portion of the building con-
sidered an assembly occupancy. Occupancy of any room or
space for assembly purposes by less than 100 persons in a
building of other occupancy, and incidental to such other Exhibit 518.1 A treadle used to protect cords. (Courtesy of Dan-
occupancy, shall be classified as part of the other occupancy iel Woodhead Co.)
and subject to the provisions applicable thereto.

(C) Theatrical Areas Where any such building structure, Exception: Where conditions of supervision and mainte-
or portion thereof, contains a projection booth or stage plat- nance ensure that only qualified persons will service the
form or area for the presentation of theatrical or musical installation, flexible cords or cables identified in Table 400.4
productions, either fixed or portable, the wiring for that for hard usage or extra-hard usage shall be permitted in
area, including associated audience seating areas, and all cable trays used only for temporary wiring. All cords or
equipment that is used in the referenced area, and portable cables shall be installed in a single layer. A permanent sign
equipment and wiring for use in the production that will not shall be attached to the cable tray at intervals not to exceed
be connected to permanently installed wiring, shall comply 7.5 m (25 ft). The sign shall read
with Article 520.

CABLE TRAY FOR TEMPORARY WIRING ONLY

See the commentary following 520.1. (C) Emergency Systems Control of emergency systems
shall comply with Article 700.

FPN: For methods of determining population capacity,
518.4 Wiring Methodssee local building code or, in its absence, NFPA 101-

2003, Life Safety Code. (A) General The fixed wiring methods shall be metal race-
ways, flexible metal raceways, nonmetallic raceways en-

518.3 Other Articles cased in not less than 50 mm (2 in.) of concrete, Type
MI, MC, or AC cable containing an insulated equipment(A) Hazardous (Classified) Areas Electrical installations

in hazardous (classified) areas located in assembly occupan- grounding conductor sized in accordance with Table
250.122.cies shall comply with Article 500.
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518.4 Article 518 — Assembly Occupancies

occupancies. Inside any hollow spaces of the fire-rated stor-Exception: Fixed wiring methods shall be as provided in
age area walls, however, the main requirements of 518.4(a) Audio signal processing, amplification, and repro-
apply, because the serving corridors are part of the assemblyduction equipment — Article 640
occupancies as a result of this particular building design. If

(b) Communications circuits — Article 800 the hollow spaces of fire-rated walls or ceiling also provide
(c) Class 2 and Class 3 remote-control and signaling a 15-minute finish rating and are not other spaces for envi-

circuits — Article 725 ronmental air, as described in 300.22(C), then electrical non-
metallic tubing as well as rigid nonmetallic conduit would(d) Fire alarm circuits — Article 760
be permitted for specifically described occupancies. See

(B) Nonrated Construction In addition to the wiring 362.10.
methods of 518.4(A), nonmetallic-sheathed cable, Type AC
cable, electrical nonmetallic tubing, and rigid nonmetallic
conduit shall be permitted to be installed in those buildings
or portions thereof that are not required to be of fire-rated
construction by the applicable building code.

FPN: Fire-rated construction is the fire-resistive classifi-
cation used in building codes.

(C) Spaces with Finish Rating Electrical nonmetallic tub-
ing and rigid nonmetallic conduit shall be permitted to be
installed in club rooms, conference and meeting rooms in
hotels or motels, courtrooms, dining facilities, restaurants,
mortuary chapels, museums, libraries, and places of religious
worship where the following apply:

(1) The electrical nonmetallic tubing or rigid nonmetallic
conduit is installed concealed within walls, floors, and
ceilings where the walls, floors, and ceilings provide a
thermal barrier of material that has at least a 15-minute
finish rating as identified in listings of fire-rated assem-
blies.

(2) The electrical nonmetallic tubing or rigid nonmetallic
conduit is installed above suspended ceilings where the
suspended ceilings provide a thermal barrier of material
that has at least a 15-minute finish rating as identified

Assembly
occupancy

Assembly
occupancy

Assembly
occupancy

Assembly
occupancy

Food
preparation

area

Reception
area

Storage

Storage
Serving
corridors

Wash
room

Wash
room

Office
area

Fire-rated construction

Nonrated construction

in listings of fire-rated assemblies.
Exhibit 518.2 The walls (represented by wide gold lines) re-
quired by the local building code to be of fire-rated construction.Electrical nonmetallic tubing and rigid nonmetallic con-
The thin black lines represent walls not required by the localduit are not recognized for use in other space used for envi-
building code to be of fire-rated construction.ronmental air in accordance with 300.22(C).

FPN: A finish rating is established for assemblies con- In like manner, wiring in ceilings or floors that is re-
taining combustible (wood) supports. The finish rating quired to be of fire-rated construction in an assembly occu-
is defined as the time at which the wood stud or wood joist pancy as defined in 518.2 must also comply with 518.4,reaches an average temperature rise of 121�C (250�F)

except as noted in 518.4(A), Exception.or an individual temperature rise of 163�C (325�F) as
The intent is that, within an assembly occupancy, asmeasured on the plane of the wood nearest the fire. A

finish rating is not intended to represent a rating for a defined in 518.2, 518.4(A) and the exception to 518.4(A)
membrane ceiling. apply to any wall, floor, or ceiling. The provisions of

518.4(B) apply to those portions of the building and those
assembly occupancies not required to be fire rated. TheIn Exhibit 518.2, the wash rooms and office area of the

single-story facility shown are not assembly occupancies, permission to use electrical nonmetallic tubing and rigid
nonmetallic conduit as specified in 518.4(C) applies only toas defined in 518.2, and therefore require no special wiring

methods. Ordinary wiring methods can be used on the inside the specific occupancies described, provided these wiring
methods are installed concealed behind a surface that has asurface of the storage area walls and on or in the partitions

between storage areas, because those also are not assembly 15-minute finish rating.
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518.5Article 520 — Theaters, Audience Areas of Motion Picture and Television Studios, Performance Areas

Assembly occupancies frequently require emergency and power outlets used to supply such equipment must be
wiring, particularly for emergency illumination and exit located so as not to be accessible to the general public.
lighting. The requirements of 700.9(D) contain special fire
protection requirements for emergency circuits in assembly
occupancies with an occupant capacity of 1000 or more. ARTICLE 520

Theaters, Audience Areas of
518.5 Supply

Motion Picture and TelevisionPortable switchboards and portable power distribution
Studios, Performance Areas, andequipment shall be supplied only from listed power outlets

of sufficient voltage and ampere rating. Such power outlets Similar Locations
shall be protected by overcurrent devices. Such overcurrent
devices and power outlets shall not be accessible to the
general public. Provisions for connection of an equipment Contents
grounding conductor shall be provided. The neutral of feed- I. General
ers supplying solid-state, 3-phase, 4-wire dimmer systems 520.1 Scope
shall be considered a current-carrying conductor. 520.2 Definitions

520.3 Motion Picture Projectors
In accordance with 518.5, portable switchboards and porta- 520.4 Audio Signal Processing, Amplification, and
ble power distribution equipment must be supplied only Reproduction Equipment
from listed power outlets rated for the voltage and current 520.5 Wiring Methods
they are used for. See Exhibit 518.3. The overcurrent devices (A) General

(B) Portable Equipment
(C) Nonrated Construction

520.6 Number of Conductors in Raceway
520.7 Enclosing and Guarding Live Parts
520.8 Emergency Systems
520.9 Branch Circuits

520.10 Portable Equipment
II. Fixed Stage Switchboards

520.21 Dead Front
520.22 Guarding Back of Switchboard
520.23 Control and Overcurrent Protection of

Receptacle Circuits
520.24 Metal Hood
520.25 Dimmers

(A) Disconnection and Overcurrent Protection
(B) Resistance- or Reactor-Type Dimmers
(C) Autotransformer-Type Dimmers
(D) Solid-State-Type Dimmers

520.26 Type of Switchboard
(A) Manual
(B) Remotely Controlled
(C) Intermediate

520.27 Stage Switchboard Feeders
(A) Type of Feeder
(B) Neutral
(C) Supply Capacity

III. Fixed Stage Equipment Other Than Switchboards
520.41 Circuit Loads

(A) Circuits Rated 20 Amperes or LessExhibit 518.3 A listed power outlet for connection of portable
(B) Circuits Rated Greater Than 20 Amperesswitchboards in an assembly occupancy. (Courtesy of Union

Connector Co., Inc.) 520.42 Conductor Insulation
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520.1 Article 520 — Theaters, Audience Areas of Motion Picture and Television Studios, Performance Areas

520.43 Footlights 520.66 Special Effects
(A) Metal Trough Construction 520.67 Multipole Branch-Circuit Cable Connectors
(B) Other-Than-Metal Trough Construction 520.68 Conductors for Portables
(C) Disappearing Footlights (A) Conductor Type

520.44 Borders and Proscenium Sidelights (B) Conductor Ampacity
(A) General 520.69 Adapters
(B) Cords and Cables for Border Lights (A) No Reduction in Current Rating

520.45 Receptacles (B) Connectors
520.46 Connector Strips, Drop Boxes, Floor Pockets, (C) Conductor Type

and Other Outlet Enclosures VI. Dressing Rooms
520.47 Backstage Lamps (Bare Bulbs) 520.71 Pendant Lampholders
520.48 Curtain Machines 520.72 Lamp Guards
520.49 Smoke Ventilator Control 520.73 Switches Required

IV. Portable Switchboards on Stage VII. Grounding
520.50 Road Show Connection Panel (A Type of Patch 520.81 Grounding

Panel)
(A) Load Circuits
(B) Circuit Transfer I. General
(C) Overcurrent Protection

520.1 Scope(D) Enclosure
520.51 Supply This article covers all buildings or that part of a building or
520.52 Overcurrent Protection structure, indoor or outdoor, designed or used for presenta-
520.53 Construction and Feeders tion, dramatic, musical, motion picture projection, or similar

(A) Enclosure purposes and to specific audience seating areas within mo-
(B) Energized Parts tion picture or television studios.
(C) Switches and Circuit Breakers
(D) Circuit Protection The special requirements of Article 520 apply only to that
(E) Dimmers part of a building used as a theater or for a similar purpose
(F) Interior Conductors and do not necessarily apply to the entire building. For
(G) Pilot Light

example, the requirements of Article 520 would apply to an
(H) Supply Conductors

auditorium in a school building used for dramatic or other
(I) Cable Arrangement

performances. The special requirements of this article apply
(J) Number of Supply Interconnections

to the stage, auditorium, dressing rooms, and main corridors
(K) Single-Pole Separable Connectors

leading to the auditorium, but not to other parts of the build-
(L) Protection of Supply Conductors and

ing that are not involved in the use of the auditorium for
Connectors

performances or entertainment. The theater space may be a
(M) Flanged Surface Inlets

traditional theater, where the audience sits in the auditorium
(N) Terminals

(house) facing the proscenium arch and views the perfor-(O) Neutral
mance on the stage on the other side of the arch, or other(P) Qualified Personnel
spaces, such as a simple stage platform, either indoorsV. Portable Stage Equipment Other Than Switchboards
or outdoors, with seats on three or four sides facing the520.61 Arc Lamps
platform.520.62 Portable Power Distribution Units

The audience areas of motion picture and television(A) Enclosure
studios (as defined and covered in Article 530) are also(B) Receptacles and Overcurrent Protection
covered by the requirements of Article 520.(C) Busbars and Terminals

(D) Flanged Surface Inlets
(E) Cable Arrangement

520.2 Definitions520.63 Bracket Fixture Wiring
(A) Bracket Wiring Border Light. A permanently installed overhead strip light.
(B) Mounting

Breakout Assembly. An adapter used to connect a520.64 Portable Strips
multipole connector containing two or more branch circuits520.65 Festoons
to multiple individual branch-circuit connectors.
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520.5Article 520 — Theaters, Audience Areas of Motion Picture and Television Studios, Performance Areas

Bundled. Cables or conductors that are physically tied, 520.3 Motion Picture Projectors
wrapped, taped or otherwise periodically bound together. Motion picture equipment and its installation and use shall

comply with Article 540.Connector Strip. A metal wireway containing pendant or
flush receptacles.

520.4 Audio Signal Processing, Amplification,Drop Box. A box containing pendant- or flush-mounted
and Reproduction Equipmentreceptacles attached to a multiconductor cable via strain

relief or a multipole connector. Audio signal processing, amplification, and reproduction
equipment and its installation shall comply with Article 640.Footlight. A border light installed on or in the stage.

Grouped. Cables or conductors positioned adjacent to one
520.5 Wiring Methodsanother but not in continuous contact with each other.
(A) General The fixed wiring method shall be metal race-

Performance Area. The stage and audience seating area ways, nonmetallic raceways encased in at least 50 mm (2
associated with a temporary stage structure, whether indoors in.) of concrete, Type MI cable, MC cable, or AC cable
or outdoors, constructed of scaffolding, truss, platforms, or containing an insulated equipment grounding conductor
similar devices, that is used for the presentation of theatrical sized in accordance with Table 250.122.
or musical productions or for public presentations.

Exception: Fixed wiring methods shall be as provided inPortable Equipment. Equipment fed with portable cords
Article 640 for audio signal processing, amplification, andor cables intended to be moved from one place to another.
reproduction equipment, in Article 800 for communication

Portable Power Distribution Unit. A power distribution circuits, in Article 725 for Class 2 and Class 3 remote-
box containing receptacles and overcurrent devices. control and signaling circuits, and in Article 760 for fire

alarm circuits.Proscenium. The wall and arch that separates the stage
from the auditorium (house).

(B) Portable Equipment The wiring for portable switch-
Stand Lamp (Work Light). A portable stand that contains boards, stage set lighting, stage effects, and other wiring not
a general-purpose luminaire (lighting fixture) or lampholder fixed as to location shall be permitted with approved flexible
with guard for the purpose of providing general illumination cords and cables as provided elsewhere in Article 520. Fas-
on the stage or in the auditorium. tening such cables and cords by uninsulated staples or nailing

shall not be permitted.Strip Light. A luminaire (lighting fixture) with multiple
lamps arranged in a row.

(C) Nonrated Construction Nonmetallic-sheathed cable,
Two-Fer. An adapter cable containing one male plug and

Type AC cable, electrical nonmetallic tubing, and rigid non-
two female cord connectors used to connect two loads to

metallic conduit shall be permitted to be installed in those
one branch circuit.

buildings or portions thereof that are not required to be of
fire-rated construction by the applicable building code.

A two-fer, as shown in Exhibit 520.1, consists of two cord
connectors on separate cords connected to a single supply

Theaters and similar buildings are usually required to be of
cord.

fire-rated construction, as determined by applicable building
codes; therefore, the fixed wiring methods are limited. See
518.4 for the requirements on wiring methods.

The exception to the requirements for metal-enclosed
or concrete-encased fixed wiring permits the installation of
communications circuits, Class 2 and Class 3 remote-control
and signaling circuits, sound-reproduction wiring, and fire
alarm circuits using wiring methods from the respective
articles covering these systems in Chapters 7 and 8. Where
portability, flexibility, and adjustments are necessary for por-
table switchboards, stage lighting, and special effects, suit-
able cords and cables are permitted. In accordance with
520.5(C), Type NM cable, Type AC cable, ENT, and RNC

Male plug

Molded splice

Female cord
connectors

are permitted as the wiring method in buildings or portions
of buildings that are not required to be of fire-rated construc-Exhibit 520.1 A two-fer.
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520.6 Article 520 — Theaters, Audience Areas of Motion Picture and Television Studios, Performance Areas

connected, as they might be at a typical general-use walltion. In this application, Type AC cable is not required to
contain an insulated equipment grounding conductor. receptacle. Care is taken to ensure that circuits are not over-

loaded, thereby avoiding nuisance tripping during a perfor-
mance.520.6 Number of Conductors in Raceway

The number of conductors permitted in any metal conduit,
rigid nonmetallic conduit as permitted in this article, or 520.10 Portable Equipment
electrical metallic tubing for border or stage pocket circuits Portable stage and studio lighting equipment and portable
or for remote-control conductors shall not exceed the per- power distribution equipment shall be permitted for tempo-
centage fill shown in Table 1 of Chapter 9. Where contained rary use outdoors, provided the equipment is supervised by
within an auxiliary gutter or a wireway, the sum of the qualified personnel while energized and barriered from the
cross-sectional areas of all contained conductors at any cross general public.
section shall not exceed 20 percent of the interior cross-
sectional area of the auxiliary gutter or wireway. The 30-

In accordance with 520.10, portable indoor stage or studioconductor limitation of 366.22 and 376.22 shall not apply.
equipment that is not marked suitable for wet or damp loca-

520.7 Enclosing and Guarding Live Parts tions is permitted to be used temporarily in outdoor locations.
If rain occurs, this equipment is typically de-energized, andLive parts shall be enclosed or guarded to prevent accidental
a protective cover is installed before it is re-energized. Atcontact by persons and objects. All switches shall be of the
the end of the day, this equipment is either de-energized andexternally operable type. Dimmers, including rheostats, shall
protected or dismantled and stored.be placed in cases or cabinets that enclose all live parts.

520.8 Emergency Systems
II. Fixed Stage SwitchboardsControl of emergency systems shall comply with Article 700.
520.21 Dead Front520.9 Branch Circuits
Stage switchboards shall be of the dead-front type and shallA branch circuit of any size supplying one or more recepta-
comply with Part IV of Article 408 unless approved basedcles shall be permitted to supply stage set lighting. The
on suitability as a stage switchboard as determined by avoltage rating of the receptacles shall not be less than the
qualified testing laboratory and recognized test standardscircuit voltage. Receptacle ampere ratings and branch-circuit
and principles.conductor ampacity shall not be less than the branch-circuit

overcurrent device ampere rating. Table 210.21(B)(2) shall
Early stage switchboards were vertical marble or slate slabsnot apply.
mounted on the stage near the proscenium wall, with exposed
knife switches and fuseholders mounted on them and withThe stage set lighting and associated equipment, such as
exposed resistance-type dimmer plates across the top. Thestage effects, both fixed and portable, must be as flexible
‘‘dead front,’’ ‘‘guarded back,’’ and ‘‘metal hood’’ require-as possible. Connectors are often used for different purposes
ments of the Code are intended to provide the operator withand are therefore marked on a show-by-show basis as to the
some sort of protection from shock and the heat-producingvoltage, current, and type of current actually employed. The
equipment with some sort of protection from flammableprovisions of 520.9 require only that connectors be rated
curtains and scenery likely to be above and around the equip-sufficiently for the parameters involved, thus permitting con-
ment. For these reasons, modern switchboards are totallynectors with voltage and current ratings higher than the
enclosed.branch-circuit rating to be used.

The intent of 520.9 is to exclude the occupancies refer-
enced in Article 520 from all the general requirements relat- 520.22 Guarding Back of Switchboard
ing to connector rating and branch-circuit loading found

Stage switchboards having exposed live parts on the back
elsewhere in the Code, such as in Table 210.21(B)(2). The

of such boards shall be enclosed by the building walls, wire
requirements of 520.9 modify several other sections, such

mesh grilles, or by other approved methods. The entrance
as 210.23(C) and 210.23(D), which would disallow 40-

to this enclosure shall be by means of a self-closing door.
ampere and larger branch circuits from serving 5000-
watt and larger portable stage lighting equipment found in 520.23 Control and Overcurrent Protection of
theaters. Receptacle Circuits

Stage set lighting is usually planned in advance, and the
Means shall be provided at a stage-lighting switchboard toloads on each receptacle are known. Loads are not casually
which load circuits are connected for overcurrent protection
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520.25Article 520 — Theaters, Audience Areas of Motion Picture and Television Studios, Performance Areas

of stage-lighting branch circuits, including branch circuits
supplying stage and auditorium receptacles used for cord-
and plug-connected stage equipment. Where the stage
switchboard contains dimmers to control nonstage lighting,
the locating of the overcurrent protective devices for these
branch circuits at the stage switchboard shall be permitted.

The purpose of 520.23 is to ensure that the overcurrent
protection devices are readily accessible to stage personnel
during the presentation.

520.24 Metal Hood
A stage switchboard that is not completely enclosed dead-
front and dead-rear or recessed into a wall shall be provided
with a metal hood extending the full length of the board to
protect all equipment on the board from falling objects.

Because stages are usually crowded and a great deal of
flammable material is often present, a stage switchboard is
not permitted to have exposed live parts on its front. More-
over, the space at the rear of a stage switchboard must be
guarded to prevent entrance or contact by unqualified and
unauthorized persons. One accepted method of accomplish-
ing this is by enclosing the space between the rear of the

Exhibit 520.2 A typical high-density digital SCR dimmer switch-
switchboard and the wall in a sheet-steel housing with a board. (Courtesy of Electronic Theatre Controls, Inc.)
door at one end.

(B) Resistance- or Reactor-Type Dimmers Resistance- or520.25 Dimmers
series reactor-type dimmers shall be permitted to be placedDimmers shall comply with 520.25(A) through (D).
in either the grounded or the ungrounded conductor of the

(A) Disconnection and Overcurrent Protection Where circuit. Where designed to open either the supply circuit to
dimmers are installed in ungrounded conductors, each dim- the dimmer or the circuit controlled by it, the dimmer shall
mer shall have overcurrent protection not greater than 125 then comply with 404.2(B). Resistance- or reactor-type dim-
percent of the dimmer rating and shall be disconnected from mers placed in the grounded neutral conductor of the circuit
all ungrounded conductors when the master or individual shall not open the circuit.
switch or circuit breaker supplying such dimmer is in the

(C) Autotransformer-Type Dimmers The circuit supply-open position.
ing an autotransformer-type dimmer shall not exceed 150
volts between conductors. The grounded conductor shall be

A modern, high-density digital dimmer rack typically con-
common to the input and output circuits.

tains one dimmer (usually of 20-, 50-, or 100-ampere capac-
FPN: See 210.9 for circuits derived from autotrans-ity) for each branch circuit connected to it. The rack is
formers.usually serviced by a 3-phase, 4-wire-plus-ground feeder,

which is distributed via buses to all dimmers in the rack.
Typical dimmer racks contain between 12 and 96 dimmers Circuits supplying autotransformer-type dimmers are not

permitted to exceed 150 volts between conductors. Anyand may have total power capacities of up to 288 kW. In
large theatrical systems, many racks may be bused together. desired voltage may be applied to the lamps, from full-

line voltage to voltage so low that the lamps provide noA central control electronics module drives multiple dim-
mers in the rack. A digital data link may connect the dimmer illumination, by means of a movable contact tap. Typical

connections for an autotransformer-type dimmer are shownrack to the remotely located computer control console. Ex-
hibit 520.2 shows a high-density digital SCR dimmer switch- in Exhibit 520.4 This type of dimmer produces very little

heat and operates at high efficiency. Its dimming effect,board, and Exhibit 520.3 shows its schematic diagram.
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520.26 Article 520 — Theaters, Audience Areas of Motion Picture and Television Studios, Performance Areas

(D) Solid-State-Type Dimmers The circuit supplying a
solid-state dimmer shall not exceed 150 volts between con-
ductors unless the dimmer is listed specifically for higher
voltage operation. Where a grounded conductor supplies a
dimmer, it shall be common to the input and output circuits.
Dimmer chassis shall be connected to the equipment ground-
ing conductor.

Modern stage switchboards are usually of the remote-control
type. The switchboard is operated from a remote console,
typically a computer system such as the one shown in Exhibit
520.5. The switchboard or dimmer rack is normally located
offstage in a dimmer room, where proper climate control
can be furnished and noise from the rack cooling fans will
not interfere with the performance onstage. Branch circuits
are usually connected to the dimmer rack on a dimmer-per-
circuit basis. A digital control cable connects the computer
and the dimmer rack, allowing the operator to be positioned
on stage or in the auditorium for easy viewing of the perfor-
mance.

Branch-circuit
loads Branch-circuit

breakers

Buses

∅A ∅B ∅C N

∅A ∅B ∅C N

SCR
dimmer

SCR
dimmer

SCR
dimmer

SCR
dimmer

Control
electronics

One dimmer
per branch

circuit

Digital data link from
computer console

Dimmer rack

Exhibit 520.3 Schematic diagram of a typical high-density SCR
dimmer switchboard. (Redrawn courtesy of Production Arts Light-
ing, Inc. and Production Resource Group, L.L.C.)

within its maximum rating, is independent of the wattage of
the load. Autotransformer-type dimmers are currently seldom
used. See the commentary that follows 470.1, which discusses
saturable reactors that are sometimes used for stage dimmers.

Exhibit 520.5 An electronic computer lighting control console
for remotely controlling solid-state-type dimmers. (Courtesy of
Electronic Theatre Controls, Inc.)

A front view of a typical high-density digital SCR dim-
mer rack is shown in Exhibit 520.2. A schematic for this
type of dimmer rack is shown in Exhibit 520.3. Dimmers
for individual circuits are contained in dual plug-in dimmer
modules. These modules also contain circuit breakers for
overcurrent protection and filter chokes to eliminate acoustic
noise from the lamp filaments. The digital control electronics
are contained in a plug-in module with front-panel controls
for configuration and testing.

520.26 Type of Switchboard

Lamps

Lamps

Autotransformer

Movable
contact

120/240-V,
3-wire buses

A stage switchboard shall be either one or a combination
of the types specified in 520.26(A), (B), and (C).

Exhibit 520.4 Typical connections for an autotransformer-type
(A) Manual Dimmers and switches are operated by han-dimmer. (Courtesy of Kliegl Bros.)
dles mechanically linked to the control devices.
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520.27Article 520 — Theaters, Audience Areas of Motion Picture and Television Studios, Performance Areas

Manual-type switchboards usually contain resistance-type 3. Equally divide, per phase, and size each ungrounded
conductor of the many single-phase circuits among theor autotransformer-type dimmers. Exhibit 520.4 is a sche-

matic of a manual autotransformer-type dimmer. raceways.

In no case is it acceptable to install the ungrounded conduc-
(B) RemotelyControlled Devices are operated electrically tors in one raceway and the common neutral in another.
from a pilot-type control console or panel. Pilot control
panels either shall be part of the switchboard or shall be (3) Separate Feeders to Single Primary Stage Switch-
permitted to be at another location. board (Dimmer Bank) Installations with separate feeders

to a single primary stage switchboard shall have a discon-(C) Intermediate A stage switchboard with circuit inter-
necting means for each feeder. The primary stage switchboardconnections is a secondary switchboard (patch panel) or
shall have a permanent and obvious label stating the numberpanelboard remote to the primary stage switchboard. It shall
and location of disconnecting means. If the disconnectingcontain overcurrent protection. Where the required branch-
means are located in more than one distribution switchboard,circuit overcurrent protection is provided in the dimmer
the primary stage switchboard shall be provided with barrierspanel, it shall be permitted to be omitted from the intermedi-
to correspond with these multiple locations.ate switchboard.

Larger primary stage switchboards usually consist of severalAn intermediate stage switchboard, usually called a patch
sections, often called dimmer racks, which form a dimmerpanel, is located between the dimmer switchboard and the
bank. See Exhibit 520.2. These dimmer racks may be fedbranch circuits. Its purpose is to break down larger dimmer
separately or may be bused together to accept one or morecircuits to smaller branch circuits, to select the branch cir-
feeder circuits. If an intermediate stage switchboard is con-cuits to be controlled by a dimmer, or both.
nected to a primary stage switchboard, a single large feeder
usually supplies the primary stage switchboard, because the

520.27 Stage Switchboard Feeders intermediate stage switchboard patches only the ungrounded
(A) Type of Feeder Feeders supplying stage switchboards conductors and requires a common neutral. Modern theaters
shall be one of the types in 520.27(A)(1) through (A)(3). do not use intermediate stage switchboards, and dimmer

banks may have one or several feeders.
(1) Single Feeder A single feeder disconnected by a single
disconnect device.

(B) Neutral The neutral of feeders supplying solid-state,
(2) Multiple Feeders to Intermediate Stage Switchboard 3-phase, 4-wire dimming systems shall be considered a
(Patch Panel) Multiple feeders of unlimited quantity shall current-carrying conductor.
be permitted, provided that all multiple feeders are part of a

(C) SupplyCapacity For thepurposesofcalculatingsupplysingle system. Where combined, neutral conductors in a given
capacity to switchboards, it shall be permissible to considerraceway shall be of sufficient ampacity to carry the maximum
the maximum load that the switchboard is intended to controlunbalanced current supplied by multiple feeder conductors in
in a given installation, provided that the following apply:the same raceway, but they need not be greater than the

ampacity of the neutral supplying the primary stage switch- (1) All feeders supplying the switchboard shall be protected
board. Parallel neutral conductors shall comply with 310.4. by an overcurrent device with a rating not greater than

the ampacity of the feeder.
(2) The opening of the overcurrent device shall not affectThe feeders to patch panels are often many dimmer-

the proper operation of the egress or emergency lightingcontrolled circuits at 100 amperes or less, single phase, so
systems.they can be distributed to different combinations of the same

size or smaller branch circuits. This type of installation FPN: For calculation of stage switchboard feeder loads,
usually requires a common neutral, and because of the quan- see 220.40.
tity of circuits, many installations require several parallel
neutrals running in several raceways. Generally, these paral- The feeder for single, primary stage switchboards is sized
lel neutrals are sized as follows: in accordance with the maximum load the switchboard is

intended to control for a specific location. The feeder(s)1. Size the common neutral to the feeder of the primary
switchboard. must be protected by an overcurrent device that has a rating

not greater than the feeder ampacity. Operation of the over-2. Split this neutral into multiple parallel conductors, one
per raceway. current device is not allowed to have any effect on egress
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520.41 Article 520 — Theaters, Audience Areas of Motion Picture and Television Studios, Performance Areas

or emergency lighting systems. The neutral of feeders sup- Lampholder terminals shall be kept at least 13 mm (1⁄2 in.)
from the metal of the trough. The circuit conductors shallplying solid-state, 3-phase, 4-wire dimming systems carries

third-harmonic currents that are present even under balanced be soldered to the lampholder terminals.
load conditions. (B) Other-Than-Metal Trough Construction Where the

metal trough construction specified in 520.43(A) is not used,
footlights shall consist of individual outlets with lampholdersIII. Fixed Stage Equipment Other
wired with rigid metal conduit, intermediate metal conduit,Than Switchboards
or flexible metal conduit, Type MC cable, or mineral-

520.41 Circuit Loads insulated, metal-sheathed cable. The circuit conductors shall
be soldered to the lampholder terminals.(A) Circuits Rated 20Amperes or Less Footlights, border

lights, and proscenium sidelights shall be arranged so that (C) Disappearing Footlights Disappearing footlights shall
no branch circuit supplying such equipment carries a load be arranged so that the current supply is automatically dis-
exceeding 20 amperes. connected when the footlights are replaced in the storage

recesses designed for them.(B) Circuits Rated Greater Than 20 Amperes Where
only heavy-duty lampholders are used, such circuits shall be
permitted to comply with Article 210 for circuits supplying The footlights described in 520.43(A) and (B) are generally
heavy-duty lampholders. obsolete units that were built in the field. Modern footlights

are compartmentalized, factory-wired assemblies for field
installation, as shown in Exhibit 520.6. Footlight assembliesIn accordance with 210.23(B) and 210.23(C), 30-, 40-, or
may be permanently exposed or be of the disappearing type.50-ampere branch circuits are permitted if heavy-duty lamp-
Disappearing footlights are arranged to automatically dis-holders, such as medium- or mogul-base Edison screw shell
connect the current supply when the footlights are in thetypes, are used for fixed lighting.
closed position, thereby preventing heat entrapment that
could cause a fire. Disconnection is accomplished by mer-520.42 Conductor Insulation
cury switches in the terminal compartment.

Foot, border, proscenium, or portable strip lights and connec-
tor strips shall be wired with conductors that have insulation
suitable for the temperature at which the conductors are
operated, but not less than 125�C (257�F). The ampacity of
the 125�C (257�F) conductors shall be that of 60�C (140�F)
conductors. All drops from connector strips shall be 90�C
(194�F) wire sized to the ampacity of 60�C (140�F) cords
and cables with no more than 150 mm (6 in.) of conductor
extending into the connector strip. Section 310.15(B)(2)(a)
shall not apply.

FPN: See Table 310.13 for conductor types.

The 257�F minimum temperature rating is based on the heat
from the lamps raising the ambient temperature in which

Clearance

Hinge

Flush cover

Floor
line

Floor
line

Footlight
support

Tilt
adjustment

Lamp

Clearance

the wiring is located. Drops from connector strips are usually
flexible cord. Although the 90�C-rated cord is also in the

Exhibit 520.6 Disappearing footlights.higher ambient, it is not in sufficient contact with other
circuits that might also heat it. The derating factors of
310.15(B)(2)(a) are judged unnecessary because the conduc- 520.44 Borders and Proscenium Sidelights
tors are not all energized at one time, are not often energized (A) General Borders and proscenium sidelights shall be as
at full intensity (dimmed), and are not energized continuously. follows:

(1) Constructed as specified in 520.43
520.43 Footlights (2) Suitably stayed and supported

(3) Designed so that the flanges of the reflectors or other(A) Metal Trough Construction Where metal trough con-
struction is employed for footlights, the trough containing adequate guards protect the lamps from mechanical

damage and from accidental contact with scenery orthe circuit conductors shall be made of sheet metal not lighter
than 0.81 mm (0.032 in.) and treated to prevent oxidation. other combustible material
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520.45Article 520 — Theaters, Audience Areas of Motion Picture and Television Studios, Performance Areas

Exhibit 520.7 shows a modern border light installed over a for 200-watt lamps. To obtain the highest illumination effi-
ciency, each lamp is provided with its own reflector. Fittedstage. Exhibit 520.8 is a cross-sectional view that illustrates

construction details. This particular border light is designed to each reflector is a glass roundel available in any color.
Commonly, lampholders are wired alternately on three or
four circuits. A splice box is provided on top of the housing
for enclosing connections between the cable supplying the
border light and the border light’s internal wiring, which
consists of wiring from the splice box to the lamp sockets
in a trough extending the length of the border.

(B) Cords and Cables for Border Lights

(1) General Cords and cables for supply to border lights
shall be listed for extra-hard usage. The cords and cables
shall be suitably supported. Such cords and cables shall
be employed only where flexible conductors are necessary.
Ampacity of the conductors shall be as provided in 400.5.

Exhibit 520.7 A suspended border light assembly for installation
To facilitate height adjustment for cleaning and lamp replace-over a stage. (Courtesy of Kliegl Bros.)
ment, border lights are usually supported by steel cables, as
shown in Exhibit 520.9. Therefore, the circuit conductors
supplying the border lights must be carried to the border
light in a flexible cable. Each of these flexible cables usually
contains many circuits; however, its overall size is limited
by its ability to travel up and down without getting tangled.

(2) Cords and Cables Not in Contact with Heat-
Producing Equipment Listed multiconductor extra-hard-
usage-type cords and cables not in direct contact with equip-
ment containing heat-producing elements shall be permitted
to have their ampacity determined by Table 520.44. Maxi-
mum load current in any conductor with an ampacity deter-
mined by Table 520.44 shall not exceed the values in Table
520.44.

The provisions of 520.44(B)(2) permit extra-hard-usage
cords not in direct contact with heat-producing equipment
to have their ampacity determined by Table 520.44 instead
of Table 400.5.

Table 520.44 is based on a minimum 50 percent diver-
sity factor. It includes the fact that not all circuits are on at
the same time, not all circuits are at full intensity (dimmed),
and not all circuits are on for a long period of time. If the
load diversity does not follow this pattern, such as border
lights that are all left on at full intensity to light the stage
for rehearsal, lecture, or classroom purposes, Table 520.44
must not be used.

8 in.

Lampholder Reflector Assembly

Spacing of Lights

9 in.

7 in.

6 in. 6 in. 6 in. 6 in. 6 in. 6 in.

Lamp (200 watts)

Reflector

Glass roundel

520.45 Receptacles
Exhibit 520.8 A cross-sectional view of a typical light in the

Receptacles for electrical equipment on stages shall be ratedborder light assembly shown in Exhibit 520.7. (Redrawn courtesy
in amperes. Conductors supplying receptacles shall be inof Kliegl Bros.)
accordance with Articles 310 and 400.
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520.46 Article 520 — Theaters, Audience Areas of Motion Picture and Television Studios, Performance Areas

Table 520.44 Ampacity of Listed Extra-Hard-Usage Cords and in a similar manner. Exhibits 520.9, 520.10, and 520.11Cables with Temperature Ratings of 75�C (167�F) and 90�C
illustrate different types of connections for portable stage(194�F)* [Based on Ambient Temperature of 30�C (86�F)]
lighting equipment.

Temperature Rating of Cords
Maximumand Cables
Rating of 520.47 Backstage Lamps (Bare Bulbs)

Size 75�C 90�C Overcurrent
Lamps (bare bulbs) installed in backstage and ancillary areas(AWG) (167�F) (194�F) Device
where they can come in contact with scenery shall be located

14 24 28 15 and guarded so as to be free from physical damage and shall
12 32 35 20 provide an air space of not less than 50 mm (2 in.) between
10 41 47 25

such lamps and any combustible material.
8 57 65 35
6 77 87 45 Exception: Decorative lamps installed in scenery shall not
4 101 114 60 be considered to be backstage lamps for the purpose of this
2 133 152 80

section.
* Ampacity shown is the ampacity for multiconductor cords and cables
where only three copper conductors are current-carrying as described 520.48 Curtain Machinesin 400.5. If the number of current-carrying conductors in a cord or
cable exceeds three and the load diversity factor is a minimum of 50 Curtain machines shall be listed.
percent, the ampacity of each conductor shall be reduced as shown in
the following table.

520.49 Smoke Ventilator ControlNumber of Percent of
Conductors Ampacity Where stage smoke ventilators are released by an electrical

device, the circuit operating the device shall be normally
4–6 80 closed and shall be controlled by at least two externally
7–24 70

operable switches, one switch being placed at a readily acces-25–42 60
sible location on stage and the other where designated by43 and above 50
the authority having jurisdiction. The device shall be de-

Note: Ultimate insulation temperature. In no case shall conductors be signed for the full voltage of the circuit to which it is con-
associated together in such a way with respect to the kind of circuit,

nected, no resistance being inserted. The device shall bethe wiring method used, or the number of conductors such that the
located in the loft above the scenery and shall be enclosedtemperature limit of the conductors is exceeded.

A neutral conductor that carries only the unbalanced current from in a suitable metal box having a tight, self-closing door.
other conductors of the same circuit need not be considered as a current-
carrying conductor.

In a 3-wire circuit consisting of two phase wires and the neutral of In addition to the smoke ventilators being controlled from
a 4-wire, 3-phase, wye-connected system, a common conductor carries two externally operable switches at different locations, the
approximately the same current as the line-to-neutral currents of the

design of a normally closed circuit ensures that the smokeother conductors and shall be considered to be a current-carrying
ventilators will operate when the circuit opens for any reason,conductor.

On a 4-wire, 3-phase, wye circuit where the major portion of the such as a circuit breaker tripping or a fuse blowing.
load consists of nonlinear loads such as electric-discharge lighting,
electronic computer/data processing, or similar equipment, there are
harmonic currents present in the neutral conductor, and the neutral

IV. Portable Switchboards on Stageshall be considered to be a current-carrying conductor.

520.50 Road Show Connection Panel (A Type of
520.46 Connector Strips, Drop Boxes, Floor Patch Panel)
Pockets, and Other Outlet Enclosures A panel designed to allow for road show connection of

portable stage switchboards to fixed lighting outlets byReceptacles for the connection of portable stage-lighting
equipment shall be pendant or mounted in suitable pockets means of permanently installed supplementary circuits. The

panel, supplementary circuits, and outlets shall comply withor enclosures and shall comply with 520.45. Supply cables
for connector strips and drop boxes shall be as specified in 520.50(A) through (D).
520.44(B).

Also known as a road show interconnect or intercept panel,
a road show connection panel is designed to connect theExhibit 520.9 shows a hanging connector strip with its asso-

ciated border light cable. Border lights are hung and supplied load side of a portable switchboard to the fixed building

2005 National Electrical Code Handbook814

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

--```,,``,`,,,`,`,`,`,,,,,,`,,,-`-`,,`,,`,`,,`---



520.50Article 520 — Theaters, Audience Areas of Motion Picture and Television Studios, Performance Areas

Colortran

Colortran

100 101 102

Slack for
lowering 
border lights

Cord grip

Exhibit 520.9 A suspended connector strip with border light cable attached. (Redrawn courtesy of
Colortran, Inc.)

branch circuits and associated outlets. It may also provide In accordance with 520.50(B), simultaneous transfer of all
conductors of the circuit, including any grounded conduc-for the fixed branch circuits to be connected to a fixed

switchboard when the portable switchboard is not installed. tors, is required.

(A) Load Circuits Circuits shall terminate in grounding-
(C) Overcurrent Protection The supply devices of these

type polarized inlets of current and voltage rating that match
supplementary circuits shall be protected by branch-circuit

the fixed-load receptacle.
overcurrent protective devices. The individual supplemen-
tary circuit, within the road show connection panel and

The grounding-type polarized inlets may be flush or pendant. theater, shall be protected by branch-circuit overcurrent pro-
The fixed-load receptacle is on the other end of the branch tective devices of suitable ampacity installed within the road
circuit that emanates from the panel. show connection panel.

(B) Circuit Transfer Circuits that are transferred between The branch-circuit overcurrent protection normally should
fixed and portable switchboards shall have all circuit conduc- be in the switchboard, but because some older units do
tors transferred simultaneously.
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520.51 Article 520 — Theaters, Audience Areas of Motion Picture and Television Studios, Performance Areas

ers supplying solid-state, 3-phase, 4-wire dimmer systems
shall be considered a current-carrying conductor.

Power outlets, known in the entertainment industry as com-
pany switches or bull switches, are the point in the wiring
system where portable feeder cables connect to the fixed
building wiring. They may be as simple as an overcurrent-
protected multipole receptacle designed to accept the supply
cable described in 520.53(P), Exception, or they may be
multiple sets of parallel single-conductor feeder cables.
These single-conductor feeder cables, as described in
520.53(H), may be terminated via single-pole separable con-
nectors, as described in 520.53(K), or directly to busbars,
fused disconnect switches, or circuit breakers with wire con-
nectors (lugs).

520.52 Overcurrent ProtectionExhibit 520.10 A 4-gang, 4-receptacle pin-plug outlet box de-
signed for flush mounting. (Courtesy of Electronic Theatre Con- Circuits from portable switchboards directly supplying
trols, Inc.) equipment containing incandescent lamps of not over 300

watts shall be protected by overcurrent protective devices
having a rating or setting of not over 20 amperes. Circuits
for lampholders over 300 watts shall be permitted where
overcurrent protection complies with Article 210.

520.53 Construction and Feeders
Portable switchboards and feeders for use on stages shall
comply with 520.53(A) through (P).

See Exhibit 520.12 for an example of a portable switchboard.

(A) Enclosure Portable switchboards shall be placed
within an enclosure of substantial construction, which shall
be permitted to be arranged so that the enclosure is openExhibit 520.11 A typical three-circuit connector strip designed

for wall or pipe mounting. (Courtesy of Electronic Theatre Con- during operation. Enclosures of wood shall be completely
trols, Inc.) lined with sheet metal of not less than 0.51 mm (0.020

in.) and shall be well galvanized, enameled, or otherwise
properly coated to prevent corrosion or be of a corrosion-not have this protection, backup overcurrent protection is
resistant material.provided by 520.50(C).

(B) Energized Parts There shall not be exposed energized
parts within the enclosure.

(D) Enclosure Panel construction shall be in accordance
with Article 408. (C) Switches and Circuit Breakers All switches and cir-

cuit breakers shall be of the externally operable, enclosed
type.520.51 Supply

Portable switchboards shall be supplied only from power (D) Circuit Protection Overcurrent devices shall be pro-
outlets of sufficient voltage and ampere rating. Such power vided in each ungrounded conductor of every circuit supplied
outlets shall include only externally operable, enclosed fused through the switchboard. Enclosures shall be provided for all
switches or circuit breakers mounted on stage or at the overcurrent devices in addition to the switchboard enclosure.
permanent switchboard in locations readily accessible from
the stage floor. Provisions for connection of an equipment (E) Dimmers The terminals of dimmers shall be provided

with enclosures, and dimmer faceplates shall be arrangedgrounding conductor shall be provided. The neutral of feed-
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520.53Article 520 — Theaters, Audience Areas of Motion Picture and Television Studios, Performance Areas

be in accordance with 110.9 and 110.10. The short-circuit
current rating shall be marked on the switchboard.

Conductors shall be enclosed in metal wireways or shall
be securely fastened in position and shall be bushed where
they pass through metal.

(G) Pilot Light A pilot light shall be provided within the
enclosure and shall be connected to the circuit supplying
the board so that the opening of the master switch does not
cut off the supply to the lamp. This lamp shall be on an
individual branch circuit having overcurrent protection rated
or set at not over 15 amperes.

The requirement of 520.53(G) applies only to switchboards
with a main disconnect, if provided, on the switchboard.
The pilot light serves as a warning at the switchboard that
indicates the presence of power before the main disconnect
is activated.

(H) Supply Conductors

(1) General The supply to a portable switchboard shall be
by means of listed extra-hard usage cords or cables. The
supply cords or cable shall terminate within the switchboard
enclosure, in an externally operable fused master switch or
circuit breaker or in a connector assembly identified for the
purpose. The supply cords or cable (and connector assembly)
shall have sufficient ampacity to carry the total load con-
nected to the switchboard and shall be protected by overcur-
rent devices.

Exhibit 520.12 A large, portable SCR dimmer switchboard (roll-
ing rack). (Courtesy of Electronic Theatre Controls, Inc.)

As with the supply end described in 520.51, the connection
described in 520.53(H)(1) may be as simple as permanently
terminated multiconductor supply cord or multipole connec-

so that accidental contact cannot be readily made with the tor assembly (inlet) or as complex as a set of parallel single-
faceplate contacts. conductor feeder cables. These cables may be field-

connected to an assembly of single-pole connectors (inlet)
(F) Interior Conductors or directly connected, with wire connectors, to busbars or

a fused switch or breaker.(1) Type All conductors other than busbars within the
The requirement of 520.53(H)(1) permits road showsswitchboard enclosure shall be stranded. Conductors shall

with fixed lighting plans to size the feeder to the actualbe approved for an operating temperature at least equal to
connected load.the approved operating temperature of the dimming devices

used in the switchboard and in no case less than the follow-
ing:

(2) Single-Conductor Cables Single-conductor portable
(1) Resistance-type dimmers — 200�C (392�F); or supply cable sets shall not be smaller than 2 AWG conduc-
(2) Reactor-type, autotransformer, and solid-state dimmers tors. The equipment grounding conductor shall not be

— 125�C (257�F) smaller than 6 AWG conductor. Single-conductor grounded
neutral cables for a supply shall be sized in accordance with
520.53(O)(2). Where single conductors are paralleled forAll control wiring shall comply with Article 725.
increased ampacity, the paralleled conductors shall be of the
same length and size. Single-conductor supply cables shall(2) Protection Each conductor shall have an ampacity not

less than the rating of the circuit breaker, switch, or fuse be grouped together but not bundled. The equipment ground-
ing conductor shall be permitted to be of a different type,that it supplies. Circuit interrupting and bus bracing shall
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520.53 Article 520 — Theaters, Audience Areas of Motion Picture and Television Studios, Performance Areas

provided it meets the other requirements of this section, and (3) The supply conductors shall not penetrate walls, floors,
or ceilings or be run through doors or traffic areas. Theit shall be permitted to be reduced in size as permitted

by 250.122. Grounded (neutral) and equipment grounding supply conductors shall be adequately protected from
physical damage.conductors shall be identified in accordance with 200.6,

250.119, and 310.12. Grounded conductors shall be permit- (4) The supply conductors shall be suitably terminated in
an approved manner.ted to be identified by marking at least the first 150 mm (6

in.) from both ends of each length of conductor with white (5) The supply conductors shall be supported in an approved
manner at least 2.1 m (7 ft) above the floor except ator gray. Equipment grounding conductors shall be permitted

to be identified by marking at least the first 150 mm (6 in.) terminations.
(6) The supply conductors shall not be bundled.from both ends of each length of conductor with green or

green with yellow stripes. Where more than one nominal (7) Tap conductors shall be in unbroken lengths.
voltage exists within the same premises, each ungrounded
conductor shall be identified by system. Loads of 144 kVA and greater are not uncommon, even on

portable switchboard equipment. Installations in the field(3) Supply Conductors Not Over 3.0 m (10 ft) Long
include lighting for theatrical-type productions with largeWhere supply conductors do not exceed 3.0 m (10 ft) in
numbers of stage lighting fixtures. However, only a fractionlength between supply and switchboard or supply and a
of the many fixtures installed are used at any one time. Thesubsequent overcurrent device, the supply conductors shall
intent of 520.53(H)(3) and 520.53(H)(4) is that the supplybe permitted to be reduced in size where all of the following
conductors must be sized according to their overcurrent pro-conditions are met:
tection and not by the total connected load. These require-

(1) The ampacity of the supply conductors shall be at least ments are similar to the requirements for taps found in
one-quarter of the ampacity of the supply overcurrent 240.21.
protection device. The tap rules of 520.53(H)(3) and 520.53(H)(4) are

(2) The supply conductors shall terminate in a single over- designed to allow one or more switchboards with smaller
current protection device that will limit the load to the feeders to be connected to larger supplies (company
ampacity of the supply conductors. This single overcur- switches). If these ‘‘rules’’ are not complied with, proper
rent device shall be permitted to supply additional over- overcurrent protection devices, either fixed or portable, must
current devices on its load side. be provided for each of the smaller switchboards.

(3) The supply conductors shall not penetrate walls, floors, The requirement that the conductors not be bundled is
or ceilings or be run through doors or traffic areas. The so that column D of Table 400.5(B) can be employed. If
supply conductors shall be adequately protected from the conductors were bundled, column F and all applicable
physical damage. derating factors would apply. Most devices used in the the-

(4) The supply conductors shall be suitably terminated in ater to terminate single-conductor cables are rated for use
an approved manner. at 90�C ampacity. However, if single-conductor cables are

(5) Conductors shall be continuous without splices or con- terminated directly to a circuit breaker or fused switch, a
nectors. 75�C ampacity or lower most likely would apply.

(6) Conductors shall not be bundled.
(7) Conductors shall be supported above the floor in an

(5) Supply Conductors Not Reduced in Size Supply con-approved manner.
ductors not reduced in size under provisions of 520.53(H)(3)

(4) Supply Conductors Not Over 6.0 m (20 ft) Long or 520.53(H)(4) shall be permitted to pass through holes in
Where supply conductors do not exceed 6.0 m (20 ft) in walls specifically designed for the purpose. If penetration is
length between supply and switchboard or supply and a through the fire-resistant–rated wall, it shall be in accordance
subsequent overcurrent protection device, the supply con- with 300.21.
ductors shall be permitted to be reduced in size where all (I) Cable Arrangement Cables shall be protected by bush-
of the following conditions are met: ings where they pass through enclosures and shall be ar-

ranged so that tension on the cable is not transmitted to the(1) The ampacity of the supply conductors shall be at least
one-half of the ampacity of the supply overcurrent pro- connections. Where power conductors pass through metal,

the requirements of 300.20 shall apply.tection device.
(2) The supply conductors shall terminate in a single over-

current protection device that limits the load to the Tension on the connections is removed by using conven-
ampacity of the supply conductors. This single overcur- tional strain relief devices or, often, by lashing the cable to
rent device shall be permitted to supply additional over- the enclosure with rope.
current devices on its load side.
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520.53Article 520 — Theaters, Audience Areas of Motion Picture and Television Studios, Performance Areas

first and disconnected next-to-last. The connector sets must(J) Number of Supply Interconnections Where connec-
tors are used in a supply conductor, there shall be a maximum be arranged so as to reduce the likelihood that the connec-

tions will be made in the incorrect order, in accordance withnumber of three interconnections (mated connector pairs)
where the total length from supply to switchboard does not one of the following methods:
exceed 30 m (100 ft). In cases where the total length from 1. A scheme whereby the main disconnect cannot be ener-
supply to switchboard exceeds 30 m (100 ft), one additional gized until all conductors are connected
interconnection shall be permitted for each additional 30 m 2. A scheme whereby the connectors are precluded from
(100 ft) of supply conductor. being connected in any order other than the proper one

3. A scheme whereby the individual connectors, free of
The addition of excessive numbers of interconnections could any special electromechanical intervention, are marked
jeopardize the mechanical and electrical integrity of the sup- with instructions to the user regarding proper connection
ply conductors.

Single-pole separable connectors are quick-connect
feeder splicing and terminating devices, not attachment plugs

(K) Single-Pole Separable Connectors Where single- or receptacles. They are designed to be sized, terminated,
pole portable cable connectors are used, they shall be listed and inspected by a qualified person before being energized
and of the locking type. Sections 400.10, 406.6, and 406.7 and are to be guarded from accidental disconnection before
shall not apply to listed single-pole separable connectors being de-energized.
and single-conductor cable assemblies utilizing listed single-
pole separable connectors. Where paralleled sets of current-

(L) Protection of Supply Conductors and Connectorscarrying, single-pole separable connectors are provided as
All supply conductors and connectors shall be protectedinput devices, they shall be prominently labeled with a warn-
against physical damage by an approved means. This protec-ing indicating the presence of internal parallel connections.
tion shall not be required to be raceways.The use of single-pole separable connectors shall comply

with at least one of the following conditions:
Rubber mats and commercially available rubber bridges

(1) Connection and disconnection of connectors are only often are used for the protection of supply conductors and
possible where the supply connectors are interlocked to connectors.
the source, and it is not possible to connect or disconnect
connectors when the supply is energized.

(M) Flanged Surface Inlets Flanged surface inlets (re-(2) Line connectors are of the listed sequential-interlocking
cessed plugs) that are used to accept the power shall be ratedtype so that load connectors shall be connected in the
in amperes.following sequence:

(N) Terminals Terminals to which stage cables are con-a. Equipment grounding conductor connection
b. Grounded circuit conductor connection, if provided nected shall be located so as to permit convenient access to

the terminals.c. Ungrounded conductor connection, and that discon-
nection shall be in the reverse order

(3) A caution notice shall be provided adjacent to the line The requirement in 520.53(N) facilitates the field connection
connectors indicating that plug connection shall be in and disconnection of the large feeder cables as a show travels
the following order: from place to place.

a. Equipment grounding conductor connectors
b. Grounded circuit conductor connectors, if provided (O) Neutral
c. Ungrounded conductor connectors, and that discon-

(1) Neutral Terminal In portable switchboard equipmentnection shall be in the reverse order
designed for use with 3-phase, 4-wire with ground supply,
the supply neutral terminal, its associated busbar, or equiva-

The requirements in 520.53(K) provide for a special type of lent wiring, or both, shall have an ampacity equal to at
connection device suitable for connecting single-conductor least twice the ampacity of the largest ungrounded supply
feeder cables. The connection device must be listed and of terminal.
the locking type, reducing the likelihood of its separating

Exception: Where portable switchboard equipment is spe-while under load. The connectors must be used in sets,
cifically constructed and identified to be internally convertedbecause they are only single-pole types. It is important that
in the field, in an approved manner, from use with a balancedthe grounding conductor be connected first and disconnected
3-phase, 4-wire with ground supply to a balanced single-last and that the grounded conductor be connected next-to-
phase, 3-wire with ground supply, the supply neutral terminal
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520.61 Article 520 — Theaters, Audience Areas of Motion Picture and Television Studios, Performance Areas

Power supply feeders easily detached at the terminalsand its associated busbar, equivalent wiring, or both, shall
have an ampacity equal to at least that of the largest un- or inlet connector need not adhere to the 200-percent neutral

rule because they can easily be sized on a show-by-showgrounded single-phase supply terminal.
basis for the type of supply encountered. These cables must,
however, adhere to the requirements of the neutral as a(2) Supply Neutral The power supply conductors for por-

table switchboards shall be sized considering the neutral as current-carrying conductor or to the requirements of the 130-
percent single-conductor-cable neutral.a current-carrying conductor. Where single-conductor feeder

cables, not installed in raceways, are used on multiphase
circuits, the grounded neutral conductor shall have an ampac- (P) Qualified Personnel The routing of portable supply
ity of at least 130 percent of the ungrounded circuit conduc- conductors, the making and breaking of supply connectors
tors feeding the portable switchboard. and other supply connections, and the energization and de-

energization of supply services shall be performed by quali-
The requirement in 520.53(O)(1) requires careful study be- fied personnel, and portable switchboards shall be so
cause overlapping concepts are involved. If a 3-phase, 4- marked, indicating this requirement in a permanent and con-
wire switchboard of any kind is brought into a space that spicuous manner.
has only single-phase, 3-wire service, the switchboard most

Exception: A portable switchboard shall be permitted to be
likely will be connected with two phases to one leg and one

connected to a permanently installed supply receptacle by
phase to the other. This connection could double the current

other than qualified personnel, provided that the supply
flowing through the neutral, so the neutral must be double

receptacle is protected for its rated ampacity by an overcur-
size to allow for that possibility. The exception to

rent device of not greater than 150 amperes, and where the
520.53(O)(1) provides for a smaller neutral sized for the

receptacle, interconnection, and switchboard comply with
single-phase feed where a switchboard contains switching

all of the following:
devices that can divide the B-phase load equally between

(a) Employ listed multipole connectors suitable for thethe A-phase and C-phase buses for single-phase operation.
purpose for every supply interconnectionAdditionally, 3-phase, 4-wire switchboards that contain

solid-state dimming devices must, when connected to a 3- (b) Prevent access to all supply connections by the
general publicphase, 4-wire supply, be connected to that supply with a

multiconductor cable sized by counting the neutral as a (c) Employ listed extra-hard usage multiconductor
current-carrying conductor or with a set of single-conductor cords or cables with an ampacity suitable for the type of
cables where the neutral is sized 130 percent greater than load and not less than the ampere rating of the connectors.
the phases.

For example, a 3-phase, 4-wire switchboard containing The intent of 520.53(P) is to divide the acceptable practices
six 50-ampere SCR dimmers (100 amperes per phase) with- in what are most likely to be professional and professional-
out a reassignment switching system would have to have a grade educational venues from those in amateur or amateur-
200-ampere neutral. (A single-phase, 3-wire-only switch- grade educational venues. The basic requirements allow for
board would not have to meet this special requirement.) This such things as single-conductor feeder systems, feeders sized
200-percent rule would cover all the components making for the current-connected load, tap rules, and so on, and
up the neutral conductor system inside or permanently require the services of a qualified person. The exception to
attached to the switchboard, to allow for a full-size, single- 520.53(P) provides for a conventional feeder system suitable
phase, 3-wire feed when two of the 3-phase, 4-wire phase for use by an untrained person.
conductors are terminated to one single-phase, 3-wire leg.
Note that the 200-percent neutral already covers the derating

V. Portable Stage Equipment Otherrequirements (125 percent for a multiconductor feeder sys-
tem and 130 percent for a single-conductor feeder system) Than Switchboards
when used in the 3-phase mode. If a reassignment system

520.61 Arc Lampswere added, the neutral would be required to be only 150
Arc lamps, including enclosed arc lamps and associatedamperes. Again, when used in the 3-phase mode, the derating
ballasts, shall be listed. Interconnecting cord sets and inter-factors would be covered.
connecting cords and cables shall be extra-hard usage typeNote that the double-neutral requirement covers the ter-
and listed.minal and associated busbar or wiring. This requirement

begins at the main input terminals or busing, main input 520.62 Portable Power Distribution Units
inlet connector, or attached main input cord-and-plug set

Portable power distribution units shall comply withand includes all wiring on the load side of that point.
520.62(A) through (E).
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520.68Article 520 — Theaters, Audience Areas of Motion Picture and Television Studios, Performance Areas

rangement ensures that connections will not be opposite(A) Enclosure The construction shall be such that no cur-
rent-carrying part will be exposed. one another, which could cause sparking due to improper

insulation or unraveling of insulation, which, in turn, could
(B) Receptacles andOvercurrent Protection Receptacles

ignite lanterns or other combustible material enclosing
shall comply with 520.45 and shall have branch-circuit over-

lamps. Where lampholders have terminals of a type that
current protection in the box. Fuses and circuit breakers

puncture the conductor insulation and make contact with the
shall be protected against physical damage. Cords or cables

conductors, stranded conductors should be used.
supplying pendant receptacles shall be listed for extra-hard
usage.

520.66 Special Effects
(C) Busbars and Terminals Busbars shall have an ampac-

Electrical devices used for simulating lightning, waterfalls,ity equal to the sum of the ampere ratings of all the circuits
and the like shall be constructed and located so that flames,connected to the busbar. Lugs shall be provided for the
sparks, or hot particles cannot come in contact with combus-connection of the master cable.
tible material.

(D) Flanged Surface Inlets Flanged surface inlets (re-
cessed plugs) that are used to accept the power shall be rated 520.67 Multipole Branch-Circuit Cable
in amperes. Connectors

Multipole branch-circuit cable connectors, male and female,(E) Cable Arrangement Cables shall be adequately pro-
for flexible conductors shall be constructed so that tensiontected where they pass through enclosures and be arranged
on the cord or cable is not transmitted to the connections.so that tension on the cable is not transmitted to the termina-
The female half shall be attached to the load end of thetions.
power supply cord or cable. The connector shall be rated in
amperes and designed so that differently rated devices cannot520.63 Bracket Fixture Wiring
be connected together; however, a 20-ampere T-slot recepta-(A) Bracket Wiring Brackets for use on scenery shall be
cle shall be permitted to accept a 15-ampere attachment plugwired internally, and the fixture stem shall be carried through
of the same voltage rating. Alternating-current multipole con-to the back of the scenery where a bushing shall be placed
nectors shall be polarized and comply with 406.6 and 406.9.on the end of the stem. Externally wired brackets or other

fixtures shall be permitted where wired with cords designed FPN: See 400.10 for pull at terminals.
for hard usage that extend through scenery and without joint

520.68 Conductors for Portablesor splice in canopy of fixture back and terminate in an
approved-type stage connector located, where practical, (A) Conductor Type
within 450 mm (18 in.) of the fixture.

(1) General Flexible conductors, including cable exten-
sions, used to supply portable stage equipment shall be listed(B) Mounting Fixtures shall be securely fastened in place.
extra-hard usage cords or cables.

520.64 Portable Strips
(2) Stand Lamps Listed, hard usage cord shall be permit-

Portable strips shall be constructed in accordance with the ted to supply stand lamps where the cord is not subject to
requirements for border lights and proscenium sidelights in physical damage and is protected by an overcurrent device
520.44(A). The supply cable shall be protected by bushings rated at not over 20 amperes.
where it passes through metal and shall be arranged so that
tension on the cable will not be transmitted to the connec-

Section 520.68 was revised for the 2005 Code to permittions.
listed hard-usage cord to supply stand lamps, where the cord

FPN No. 1: See 520.42 for wiring of portable strips. is not subject to physical damage and is protected with an
FPN No. 2: See 520.68(A)(3) for insulation types re- overcurrent device rated at not more than 20 amperes. The
quired on single conductors.

term reinforced cord was deleted because it is obsolete.
See 520.2 for the definition of stand lamp (work light).520.65 Festoons

Joints in festoon wiring shall be staggered. Lamps enclosed
in lanterns or similar devices of combustible material shall (3) High-Temperature Applications A special assembly

of conductors in sleeving not longer than 1.0 m (3.3 ft) shallbe equipped with guards.
be permitted to be employed in lieu of flexible cord if the
individual wires are stranded and rated not less than 125�CFestoon lighting is defined in Article 100. Joints in festoon
(257�F) and the outer sleeve is glass fiber with a wall thick-wiring must be staggered and properly insulated. This ar-
ness of at least 0.635 mm (0.025 in.).
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520.69 Article 520 — Theaters, Audience Areas of Motion Picture and Television Studios, Performance Areas

Portable stage equipment requiring flexible supply con- cable. If portable, multicircuit, multiconductor cable is lo-
ductors with a higher temperature rating where one end is cated horizontally directly above heat-producing equipment,
permanently attached to the equipment shall be permitted in lieu of a connector strip, it should be spaced sufficiently
to employ alternate, suitable conductors as determined by a above that equipment to avoid the elevated temperatures or
qualified testing laboratory and recognized test standards. sized in accordance with 400.5.

The requirements of 520.68(A)(3) cover the connection of
high-temperature equipment, including stage lighting fix- Exception: Where alternate conductors are allowed in
tures, which often operate at elevated temperatures. High- 520.68(A)(3), their ampacity shall be as given in the appro-
temperature (150�C to 250�C) extra-hard-usage cords are, priate table in this Code for the types of conductors em-
in general, not available. Less-than-extra-hard-usage cords ployed.
are limited to 3.3 ft in length to reduce the likelihood that
they would be placed on the floor or other area where they 520.69 Adapters
might be damaged by traffic or moving scenery. Adapters, two-fers, and other single- and multiple-circuit

outlet devices shall comply with 520.69(A), (B), and (C).
(4) Breakouts Listed, hard usage (junior hard service)

(A) No Reduction in Current Rating Each receptacle andcords shall be permitted in breakout assemblies where all
its corresponding cable shall have the same current andof the following conditions are met:
voltage rating as the plug supplying it. It shall not be utilized(1) The cords are utilized to connect between a single
in a stage circuit with a greater current rating.multipole connector containing two or more branch cir-

cuits and multiple 2-pole, 3-wire connectors. (B) Connectors All connectors shall be wired in accor-
(2) The longest cord in the breakout assembly does not dance with 520.67.

exceed 6.0 m (20 ft).
(3) The breakout assembly is protected from physical dam-

Adapters are available where cords and connector bodies of
age by attachment over its entire length to a pipe, truss,

one ampacity are connected to a plug of a larger rating. For
tower, scaffold, or other substantial support structure.

example, a 12 AWG conductor with an ampacity of 20
(4) All branch circuits feeding the breakout assembly are

amperes could be connected to a 100-ampere circuit. An
protected by overcurrent devices rated at not over 20

overload could result in a fire because the circuit breaker
amperes.

or fuse would not provide adequate protection. The plug
and receptacle must be of the same rating, in accordance

The provisions of 520.68(A)(4) apply to multiconductor with 520.69(B).
cable assemblies with multipole connectors that contain
more than one branch circuit. The breakout assembly is a
multipole connector with several pendant receptacles con- (C) Conductor Type Conductors for adapters and two-fers
nected to it, separating the multiple branch circuits into shall be listed, extra-hard usage or listed, hard usage (junior
individual branch circuits. It is also possible to use a similar hard service) cord. Hard usage (junior hard service) cord
arrangement of pendant plugs to form a breaking assembly shall be restricted in overall length to 1.0 m (3.3 ft).
on the other end of the multiconductor cable.

VI. Dressing Rooms
(B) Conductor Ampacity The ampacity of conductors 520.71 Pendant Lampholders
shall be as given in 400.5, except multiconductor, listed,

Pendant lampholders shall not be installed in dressing rooms.extra-hard usage portable cords that are not in direct contact
with equipment containing heat-producing elements shall be

520.72 Lamp Guardspermitted to have their ampacity determined by Table
520.44. Maximum load current in any conductor with an All exposed incandescent lamps in dressing rooms, where

less than 2.5 m (8 ft) from the floor, shall be equipped withampacity determined by Table 520.44 shall not exceed the
values in Table 520.44. open-end guards riveted to the outlet box cover or otherwise

sealed or locked in place.

In accordance with 520.68(B), portable, multicircuit, multi-
conductor cable is permitted to be sized in accordance with Because of the many types of flammable materials present

in dressing rooms, such as costumes and wigs, pendantTable 520.44, similar to the method used for border light
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520.81Article 525 — Carnivals, Circuses, Fairs, and Similar Events

lampholders are not permitted. Lamps must be provided Contents
with suitable open-end guards that permit relamping and

I. General Requirementsthat are not easily removed. This makes it difficult to circum-
525.1 Scopevent the guard’s intended purpose of preventing contact be-
525.3 Other Articlestween the lamps and flammable material.

(A) Portable Wiring and Equipment
(B) Permanent Structures
(C) Audio Signal Processing, Amplification, and520.73 Switches Required

Reproduction EquipmentAll lights and any receptacles adjacent to the mirror(s) and
(D) Attractions Utilizing Pools, Fountains, andabove the dressing table counter(s) installed in dressing

Similar Installations with Contained Volumesrooms shall be controlled by wall switches installed in the
of Waterdressing room(s). Each switch controlling receptacles adja-

525.5 Overhead Conductor Clearancescent to the mirror(s) and above the dressing table counter(s)
(A) Vertical Clearancesshall be provided with a pilot light located outside the dress-
(B) Clearance to Rides and Attractionsing room, adjacent to the door to indicate when the recepta-

525.6 Protection of Electrical Equipmentcles are energized. Other outlets installed in the dressing
II. Power Sourcesroom shall not be required to be switched.

525.10 Services
(A) Guarding

The requirement in 520.73 addresses only receptacles lo- (B) Mounting and Location
cated adjacent to the mirror and on the countertop. The 525.11 Multiple Sources of Supply
receptacles located elsewhere in the room are not subject to III. Wiring Methods
the disconnect and pilot light requirements of 520.73. The 525.20 Wiring Methods
purpose of the switching requirement is to make sure that (A) Type
all coffee pots, curling irons, hair dryers, and other similar (B) Single-Conductor
countertop appliances can be readily disconnected at the end (C) Open Conductors
of a performance. (D) Splices

(E) Cord Connectors
(F) SupportVII. Grounding
(G) Protection

520.81 Grounding (H) Boxes and Fittings
525.21 Rides, Tents and ConcessionsAll metal raceways and metal-sheathed cables shall be

(A) Disconnecting Meansgrounded. The metal frames and enclosures of all equipment,
(B) Portable Wiring Inside Tents andincluding border lights and portable luminaires (lighting fix-

Concessionstures), shall be grounded. Grounding, where used, shall be
525.22 Portable Distribution or Terminationin accordance with Article 250.

Boxes
(A) Construction
(B) Busbars and TerminalsARTICLE 525
(C) Receptacles and Overcurrent ProtectionCarnivals, Circuses, Fairs, and (D) Single-Pole Connectors

Similar Events 525.23 Ground-Fault Circuit-Interrupter (GFCI)
Protection

(A) Where GFCI Protection is Required
Summary of Changes (B) Where GFCI Protection is Not Required
• 525.10:Revised to remove redundant reference to require- (C) Where GFCI Protection is Not

ments in Chapters 1–4 of NEC. Requirements in Chapters Permitted
1–4 must be followed in accordance with 90.3. IV. Grounding and Bonding

525.30 Equipment Bonding• 525.11: Added to require that rides, attractions, and struc-
525.31 Equipment Groundingtures less than 12 ft apart, and powered by multiple ser-
525.32 Grounding Conductor Continuityvices, multiple separately derived systems, or both, be

bonded to the same grounding electrode system. Assurance
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525.1 Article 525 — Carnivals, Circuses, Fairs, and Similar Events

I. General Requirements 4.5 m (15 ft) horizontally of conductors operating in excess
of 600 volts.525.1 Scope

This article covers the installation of portable wiring and
525.6 Protection of Electrical Equipmentequipment for carnivals, circuses, fairs, and similar func-
Electrical equipment and wiring methods in or on rides,tions, including wiring in or on all structures.
concessions, or other units shall be provided with mechanical
protection where such equipment or wiring methods areArticle 525 addresses the installation of portable wiring and
subject to physical damage.equipment for temporary attractions, such as carnivals, cir-

cuses, and fairs. Article 525 is intended to apply to all wiring
II. Power Sourcesin or on portable structures, whereas Articles 518 and 520

apply to permanent structures. Prior to the 2002 edition 525.10 Services
of the Code, installations for portable equipment used at

Services shall comply with 525.10(A) and 525.10(B).carnivals, circuses, fairs, and the like, were covered under
Article 590, Temporary Installations. Article 525 was devel-

(A) Guarding Service equipment shall not be installed in
oped because the requirements for temporary installations

a location that is accessible to unqualified persons, unless
contained in Article 590 apply more to construction sites

the equipment is lockable.
than to events that are open to the general public, such as
fairs and carnivals. Additionally, Article 525 significantly (B) Mounting and Location Service equipment shall be
expands the requirements and scope for installing electrical mounted on solid backing and be installed so as to be pro-
equipment at these locations. tected from the weather, unless of weatherproof construction.

Part II, Power Sources, was reorganized for the 2005 Code525.3 Other Articles
and provides some of the requirements for services and(A) Portable Wiring and Equipment Wherever the re-
multiple sources of supply, such as generators and transform-quirements of other articles of this Code and Article 525
ers, that are separately derived systems. In addition to thediffer, the requirements of Article 525 shall apply to the
requirements in 525.10(A) and 525.10(B), the requirementsportable wiring and equipment.
for services in Article 230 also are applicable.

Service equipment must be installed in accordance with(B) Permanent Structures Articles 518 and 520 shall
Article 230 and must be lockable where accessible to unqual-apply to wiring in permanent structures.
ified persons. At fairgrounds, carnivals, and similar events,

(C) Audio Signal Processing, Amplification, and Repro- there is significant pedestrian traffic throughout the site,
duction Equipment Article 640 shall apply to the wiring including through those areas where electrical equipment is
and installation of audio signal processing, amplification, located. This requirement helps safeguard the general public
and reproduction equipment. from accidentally coming in contact with energized service

equipment.(D) Attractions Utilizing Pools, Fountains, and Similar
Installations with Contained Volumes of Water This
equipment shall be installed to comply with the applicable

525.11 Multiple Sources of Supplyrequirements of Article 680.
Where multiple services or separately derived systems or
both supply rides, attractions, and other structures, all525.5 Overhead Conductor Clearances
sources of supply that serve rides, attractions, or other struc-(A) Vertical Clearances Conductors shall have a vertical
tures separated by less than 3.7 m (12 ft) shall be bondedclearance to ground in accordance with 225.18. These clear-
to the same grounding electrode system.ances shall apply only to wiring installed outside of tents

and concessions.
In order to maintain an equal potential between exposed,

(B) Clearance to Rides andAttractions Amusement rides noncurrent-carrying metal parts of rides, amusements, or
and amusement attractions shall be maintained not less than other structures that have a physical separation less than 12
4.5 m (15 ft) in any direction from overhead conductors ft, this section requires the use of a common grounding
operating at 600 volts or less, except for the conductors electrode system where there are multiple power sources
supplying the amusement ride or attraction. Amusement supplying equipment at the carnival or fair.
rides or attractions shall not be located under or within
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525.23Article 525 — Carnivals, Circuses, Fairs, and Similar Events

(B) Portable Wiring Inside Tents and ConcessionsIII. Wiring Methods
Electrical wiring for lighting, where installed inside of tents525.20 Wiring Methods
and concessions, shall be securely installed and, where sub-

(A) Type Where flexible cords or cables are used, they ject to physical damage, shall be provided with mechanical
shall be listed for extra hard usage. Where flexible cords or protection. All lamps for general illumination shall be pro-
cables are used and are not subject to physical damage, they tected from accidental breakage by a suitable fixture or
shall be permitted to be listed for hard usage. Where used lampholder with a guard.
outdoors, flexible cords and cables shall also be listed for wet
locations and shall be sunlight resistant. Extra-hard usage 525.22 Portable Distribution or
flexible cords or cables shall be permitted for use as perma- Termination Boxes
nent wiring on portable amusement rides and attractions

Portable distribution or termination boxes shall comply withwhere not subject to physical damage.
525.22(A) through 525.22(D).

(B) Single-Conductor Single-conductor cable shall be per-
mitted only in sizes 2 AWG or larger. Portable distribution or termination equipment must be

mounted so that the bottom of the enclosure is at least 6
(C) Open Conductors Open conductors are prohibited ex- in. above the ground. This requirement prevents excessive
cept as part of a listed assembly or festoon lighting installed moisture from entering the equipment and allows for proper
in accordance with Article 225. radius of bend on conductors entering and exiting the equip-

ment from below.
(D) Splices Flexible cords or cables shall be continuous
without splice or tap between boxes or fittings.

(A) Construction Boxes shall be designed so that no live(E) Cord Connectors Cord connectors shall not be laid on
parts are exposed to accidental contact. Where installed out-the ground unless listed for wet locations. Connectors and
doors, the box shall be of weatherproof construction andcable connections shall not be placed in audience traffic
mounted so that the bottom of the enclosure is not less thanpaths or within areas accessible to the public unless guarded.
150 mm (6 in.) above the ground.

(F) Support Wiring for an amusement ride, attraction, tent,
(B) Busbars and Terminals Busbars shall have an ampere

or similar structure shall not be supported by any other ride
rating not less than the overcurrent device supplying the

or structure unless specifically designed for the purpose.
feeder supplying the box. Where conductors terminate di-
rectly on busbars, busbar connectors shall be provided.(G) Protection Flexible cords or cables accessible to the

public shall be arranged to minimize the tripping hazard and (C) Receptacles and Overcurrent Protection Recepta-
shall be permitted to be covered with nonconductive matting, cles shall have overcurrent protection installed within the
provided that the matting does not constitute a greater trip- box. The overcurrent protection shall not exceed the ampere
ping hazard than the uncovered cables. It shall be permitted rating of the receptacle, except as permitted in Article 430
to bury cables. The requirements of 300.5 shall not apply. for motor loads.

(H) Boxes and Fittings A box or fitting shall be installed (D) Single-PoleConnectors Where single-pole connectors
at each connection point, outlet, switchpoint, or junction are used, they shall comply with 530.22.
point.

525.23 Ground-Fault Circuit-Interrupter
525.21 Rides, Tents, and Concessions (GFCI) Protection
(A) Disconnecting Means Each ride and concession shall (A) Where GFCI Protection Is Required The ground-
be provided with a fused disconnect switch or circuit breaker fault circuit interrupter shall be permitted to be an integral
located within sight and within 1.8 m (6 ft) of the operator’s part of the attachment plug or located in the power-supply
station. The disconnecting means shall be readily accessible cord, within 300 mm (12 in.) of the attachment plug. Listed
to the operator, including when the ride is in operation. cord sets incorporating ground-fault circuit-interrupter for
Where accessible to unqualified persons, the enclosure for personnel shall be permitted.
the switch or circuit breaker shall be of the lockable type.
A shunt trip device that opens the fused disconnect or circuit (1) 125-volt, single-phase, 15- and 20-ampere non-locking

type receptacles used for disassembly and reassemblybreaker when a switch located in the ride operator’s console
is closed shall be a permissible method of opening the circuit. or readily accessible to the general public.
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525.30 Article 530 — Motion Picture and Television Studios and Similar Locations

carnivals, and circuses increase the possibility that continuity(2) Equipment that is readily accessible to the general public
and supplied from a 125-volt, single-phase, 15- or 20- of the equipment grounding conductor system could be inter-

rupted. The verification of the grounding system continuityampere branch circuit.
helps ensure the safety of workers and members of the

(B) Where GFCI Protection Is Not Required Recepta-
general public who may come in contact with exposed

cles that only facilitate quick disconnecting and reconnecting
non–current-carrying surfaces of electrical equipment or

of electrical equipment shall not be required to be provided
equipment that is electrically powered. The verification of

with GFCI protection. These receptacles shall be of the
the grounding system continuity is required each time porta-

locking type.
ble equipment is reconnected.

(C) Where GFCI Protection Is Not Permitted Egress
lighting shall not be protected by a GFCI.

ARTICLE 530
Section 525.23 has been reorganized in the 2005 Code and Motion Picture and Televisionprovides three categories: where GFCIs are required, where

Studios and Similar LocationsGFCIs are not required, and where GFCIs are not permitted
to be installed. GFCI protection is not allowed on circuits
that supply means-of-egress illumination.

Contents
I. GeneralIV. Grounding and Bonding

530.1 Scope
530.2 Definitions525.30 Equipment Bonding
530.6 Portable EquipmentThe following equipment connected to the same source shall

II. Stage or Setbe bonded:
530.11 Permanent Wiring

(1) Metal raceways and metal-sheathed cable 530.12 Portable Wiring
(2) Metal enclosures of electric equipment (A) Stage Set Wiring
(3) Metal frames and metal parts of rides, concessions, (B) Stage Effects and Electrical Equipment Used as

tents, trailers, trucks, or other equipment that contain Stage Properties
or support electrical equipment (C) Other Electrical Equipment

530.13 Stage Lighting and Effects Control525.31 Equipment Grounding
530.14 Plugging Boxes

All equipment requiring grounding shall be grounded by an 530.15 Enclosing and Guarding Live Parts
equipment grounding conductor of a type and size recog- (A) Live Parts
nized by 250.118 and installed in accordance with Article (B) Switches
250. The equipment grounding conductor shall be bonded to (C) Rheostats
the system grounded conductor at the service disconnecting (D) Current-Carrying Parts
means or, in the case of a separately derived system such 530.16 Portable Lamps
as a generator, at the generator or first disconnecting means 530.17 Portable Arc Lamps
supplied by the generator. The grounded circuit conductor (A) Portable Carbon Arc Lamps
shall not be connected to the equipment grounding conductor (B) Portable Noncarbon Arc Electric-Discharge
on the load side of the service disconnecting means or on Lamps
the load side of a separately derived system disconnecting 530.18 Overcurrent Protection — General
means. (A) Stage Cables

(B) Feeders525.32 Grounding Conductor Continuity
(C) Cable ProtectionAssurance
(D) Location Boards

The continuity of the grounding conductor system used to (E) Plugging Boxes
reduce electrical shock hazards as required by 250.114, (F) Alternating-Current Power Distribution Boxes
250.138, 406.3(C), and 590.4(D) shall be verified each time (G) Lighting
that portable electrical equipment is connected. 530.19 Sizing of Feeder Conductors for Television

Studio Sets
(A) GeneralThe transient nature of amusements and, in some cases, the

entire electrical distribution system associated with fairs, (B) Portable Feeders
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530.2Article 530 — Motion Picture and Television Studios and Similar Locations

tion center or box that contains one or more grounding-type
530.20 Grounding polarized receptacles that may contain overcurrent protec-
530.21 Plugs and Receptacles tion devices.

(A) Rating
Bull Switch. An externally operated wall-mounted safety(B) Interchangeability
switch that may or may not contain overcurrent protection530.22 Single-Pole Separable Connectors
and is designed for the connection of portable cables and(A) General
cords.(B) Interchangeability

530.23 Branch Circuits
Location (Shooting Location). A place outside a motion

III. Dressing Rooms
picture studio where a production or part of it is filmed or

530.31 Dressing Rooms
recorded.

IV. Viewing, Cutting, and Patching Tables
530.41 Lamps at Tables Location Board (Deuce Board). Portable equipment con-

V. Cellulose Nitrate Film Storage Vaults taining a lighting contactor or contactors and overcurrent
530.51 Lamps in Cellulose Nitrate Film Storage Vaults protection designed for remote control of stage lighting.
530.52 Electrical Equipment in Cellulose Nitrate Film

Motion Picture Studio (Lot). A building or group of build-Storage Vaults
ings and other structures designed, constructed, or perma-VI. Substations
nently altered for use by the entertainment industry for the530.61 Substations
purpose of motion picture or television production.530.62 Portable Substations

530.63 Overcurrent Protection of Direct-Current Plugging Box. A dc device consisting of one or more 2-
Generators pole, 2-wire, nonpolarized, nongrounding-type receptacles

530.64 Direct-Current Switchboards intended to be used on dc circuits only.
(A) General

Portable Equipment. Equipment intended to be moved(B) Circuit Breaker Frames
from one place to another.

Single-Pole Separable Connector. A device that is in-I. General
stalled at the ends of portable, flexible, single-conductor

530.1 Scope cable that is used to establish connection or disconnection
between two cables or one cable and a single-pole, panel-The requirements of this article shall apply to television
mounted separable connector.studios and motion picture studios using either film or elec-

tronic cameras, except as provided in 520.1, and exchanges, Spider (Cable Splicing Block). A device that contains
factories, laboratories, stages, or a portion of the building busbars that are insulated from each other for the purpose
in which film or tape more than 22 mm (7⁄8 in.) in width is of splicing or distributing power to portable cables and cords
exposed, developed, printed, cut, edited, rewound, repaired, that are terminated with single-pole busbar connectors.
or stored.

Stage Effect (Special Effect). An electrical or electrome-
FPN: For methods of protecting against cellulose nitrate chanical piece of equipment used to simulate a distinctivefilm hazards, see NFPA 40-2001, Standard for the Stor-

visual or audible effect such as wind machines, lightningage and Handling of Cellulose Nitrate Motion Picture
simulators, sunset projectors, and the like.Film.

Stage Property. An article or object used as a visual ele-
The requirements for motion picture studios and those for ment in a motion picture or television production, except
television studios are virtually the same and are intended to painted backgrounds (scenery) and costumes.
apply only to those locations presenting special hazards,

Stage Set. A specific area set up with temporary scenerythat is, temporary structures constructed of wood or other
and properties designed and arranged for a particular scenecombustible material. Otherwise, the conditions are similar
in a motion picture or television production.to those for theater stages. Therefore, the applicable provis-

ions of Article 520, such as those for stages and dressing Stand Lamp (Work Light). A portable stand that contains
rooms, should be observed. a general-purpose luminaire (lighting fixture) or lampholder

with guard for the purpose of providing general illumination
in the studio or stage.530.2 Definitions
Television Studio or Motion Picture Stage (Sound Stage).Alternating-Current Power Distribution Box (Alternat-

ing-Current Plugging Box, Scatter Box). An ac distribu- A building or portion of a building usually insulated from the
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530.6 Article 530 — Motion Picture and Television Studios and Similar Locations

outside noise and natural light for use by the entertainment operable type. Where contactors are used as the discon-
necting means for fuses, an individual externally operableindustry for the purpose of motion picture, television, or

commercial production. switch, such as a tumbler switch, for the control of each
contactor shall be located at a distance of not more than 1.8

530.6 Portable Equipment m (6 ft) from the contactor, in addition to remote-control
switches. A single externally operable switch shall be permit-Portable stage and studio lighting equipment and portable
ted to simultaneously disconnect all the contactors on anypower distribution equipment shall be permitted for tempo-
one location board, where located at a distance of not morerary use outdoors if the equipment is supervised by qualified
than 1.8 m (6 ft) from the location board.personnel while energized and barriered from the general

public.
530.14 Plugging Boxes
Each receptacle of dc plugging boxes shall be rated at notSee the commentary following 520.10 for more information
less than 30 amperes.on portable equipment.

530.15 Enclosing and Guarding Live PartsII. Stage or Set
(A) Live Parts Live parts shall be enclosed or guarded to

530.11 Permanent Wiring prevent accidental contact by persons and objects.
The permanent wiring shall be Type MC cable, Type AC

(B) Switches All switches shall be of the externally opera-cable containing an insulated equipment grounding conduc-
ble type.tor sized in accordance with Table 250.122, Type MI cable,

or in approved raceways. (C) Rheostats Rheostats shall be placed in approved cases
or cabinets that enclose all live parts, having only the op-Exception: Communications circuits; audio signal pro-
erating handles exposed.cessing, amplification, and reproduction circuits; Class 1,

Class 2, and Class 3 remote-control or signaling circuits
(D) Current-Carrying Parts Current-carrying parts of

and power-limited fire alarm circuits shall be permitted to
bull switches, location boards, spiders, and plugging boxes

be wired in accordance with Articles 640, 725, 760, and
shall be enclosed, guarded, or located so that persons cannot

800.
accidentally come into contact with them or bring conductive
material into contact with them.530.12 Portable Wiring

(A) Stage Set Wiring The wiring for stage set lighting and 530.16 Portable Lamps
other supply wiring not fixed as to location shall be done

Portable lamps and work lights shall be equipped with flexi-with listed hard usage flexible cords and cables. Where
ble cords, composition or metal-sheathed porcelain sockets,subject to physical damage, such wiring shall be listed extra-
and substantial guards.hard usage flexible cords and cables. Splices or taps in cables

shall be permitted if the total connected load does not exceed Exception: Portable lamps used as properties in a motion
the maximum ampacity of the cable. picture set or television stage set, on a studio stage or lot,

or on location shall not be considered to be portable lamps(B) Stage Effects and Electrical Equipment Used as
for the purpose of this section.Stage Properties The wiring for stage effects and electrical

equipment used as stage properties shall be permitted to be
530.17 Portable Arc Lampswired with single- or multiconductor listed flexible cords or
(A) Portable Carbon Arc Lamps Portable carbon arccables if the conductors are protected from physical damage
lamps shall be substantially constructed. The arc shall beand secured to the scenery by approved cable ties or by
provided with an enclosure designed to retain sparks andinsulated staples. Splices or taps shall be permitted where
carbons and to prevent persons or materials from comingsuch are made with listed devices and the circuit is protected
into contact with the arc or bare live parts. The enclosuresat not more than 20 amperes.
shall be ventilated. All switches shall be of the externally

(C) Other Electrical Equipment Cords and cables other operable type.
than extra-hard usage, where supplied as a part of a listed
assembly, shall be permitted. (B) Portable Noncarbon Arc Electric-Discharge Lamps

Portable noncarbon arc lamps, including enclosed arc lamps,
530.13 Stage Lighting and Effects Control and associated ballasts shall be listed. Interconnecting cord

sets and interconnecting cords and cables shall be extra-hardSwitches used for studio stage set lighting and effects (on
the stages and lots and on location) shall be of the externally usage type and listed.
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530.20Article 530 — Motion Picture and Television Studios and Similar Locations

breaker. The rating of the fuses or the setting of the circuit530.18 Overcurrent Protection — General
breaker shall not be over 400 percent of the rated ampacityAutomatic overcurrent protective devices (circuit breakers
of the cables or cords as given in the applicable tables ofor fuses) for motion picture studio stage set lighting and the
Articles 310 and 400. Plugging boxes shall not be permittedstage cables for such stage set lighting shall be as given in
on ac systems.530.18(A) through (G). The maximum ampacity allowed on

a given conductor, cable, or cord size shall be as given in (F) Alternating-Current Power Distribution Boxes
the applicable tables of Articles 310 and 400. Alternating-current power distribution boxes used on sound

stages and shooting locations shall contain connection recep-(A) Stage Cables Stage cables for stage set lighting shall
tacles of a polarized, grounding type.be protected by means of overcurrent devices set at not more

than 400 percent of the ampacity given in the applicable
(G) Lighting Work lights, stand lamps, and luminaires (fix-

tables of Articles 310 and 400.
tures) rated 1000 watts or less and connected to dc plugging
boxes shall be by means of plugs containing two cartridge(B) Feeders In buildings used primarily for motion picture
fuses not larger than 20 amperes, or they shall be permittedproduction, the feeders from the substations to the stages
to be connected to special outlets on circuits protected byshall be protected by means of overcurrent devices (generally
fuses or circuit breakers rated at not over 20 amperes. Pluglocated in the substation) having a suitable ampere rating.
fuses shall not be used unless they are on the load side ofThe overcurrent devices shall be permitted to be multipole
the fuse or circuit breakers on the location boards.or single-pole gang operated. No pole shall be required in

the neutral conductor. The overcurrent device setting for
530.19 Sizing of Feeder Conductors foreach feeder shall not exceed 400 percent of the ampacity of
Television Studio Setsthe feeder, as given in the applicable tables of Article 310.

(A) General It shall be permissible to apply the demand
factors listed in Table 530.19(A) to that portion of the maxi-An overcurrent device setting of up to 400 percent is permit-
mum possible connected load for studio or stage set lightingted if the loads are of short duration. In accordance with
for all permanently installed feeders between substations530.18(B), the use of short-term ratings where the equipment
and stages and to all permanently installed feeders betweenoperates for 20 minutes or less is permitted. A longer period
the main stage switchboard and stage distribution centers orof operation may pose a fire hazard.
location boards.

(C) Cable Protection Cables shall be protected by bush- Table 530.19(A) Demand Factors for Stage Set Lighting
ings where they pass through enclosures and shall be ar-
ranged so that tension on the cable is not transmitted to the Portion of Stage Set Lighting Load

to Which Demand Factor Appliedconnections. Where power conductors pass through metal,
(volt-amperes) Feeder Demand Factorthe requirements of 300.20 shall apply.

Portable feeder cables shall be permitted to temporarily
First 50,000 or less at 100%

penetrate fire-rated walls, floors, or ceilings provided that From 50,001 to 100,000 at 75%
all of the following apply: From 100,001 to 200,000 at 60%

Remaining over 200,000 at 50%
(1) The opening is of noncombustible material.
(2) When in use, the penetration is sealed with a temporary

seal of a listed firestop material.
(3) When not in use, the opening shall be capped with a (B) Portable Feeders A demand factor of 50 percent of

material of equivalent fire rating. maximum possible connected load shall be permitted for all
portable feeders.

(D) Location Boards Overcurrent protection (fuses or cir-
cuit breakers) shall be provided at the location boards. Fuses 530.20 Grounding
in the location boards shall have an ampere rating of not

Type MC cable, Type MI cable, metal raceways, and allover 400 percent of the ampacity of the cables between the
non–current-carrying metal parts of appliances, devices, andlocation boards and the plugging boxes.
equipment shall be grounded as specified in Article 250.
This shall not apply to pendant and portable lamps, to stage(E) Plugging Boxes Cables and cords supplied through

plugging boxes shall be of copper. Cables and cords smaller lighting and stage sound equipment, or to other portable and
special stage equipment operating at not over 150 volts dcthan 8 AWG shall be attached to the plugging box by means

of a plug containing two cartridge fuses or a 2-pole circuit to ground.
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530.21 Article 530 — Motion Picture and Television Studios and Similar Locations

530.21 Plugs and Receptacles 530.23 Branch Circuits
(A) Rating Plugs and receptacles shall be rated in amperes. A branch circuit of any size supplying one or more recepta-

cles shall be permitted to supply stage set lighting loads.The voltage rating of the plugs and receptacles shall not be
less than the circuit voltage. Plug and receptacle ampere
ratings for ac circuits shall not be less than the feeder or III. Dressing Rooms
branch-circuit overcurrent device ampere rating. Table

530.31 Dressing Rooms210.21(B)(2) shall not apply.
Fixed wiring in dressing rooms shall be installed in accor-

(B) Interchangeability Plugs and receptacles used in por- dance with the wiring methods covered in Chapter 3. Wiring
table professional motion picture and television equipment for portable dressing rooms shall be approved.
shall be permitted to be interchangeable for ac or dc use on
the same premises, provided they are listed for ac/dc use

IV. Viewing, Cutting, andand marked in a suitable manner to identify the system to
which they are connected. Patching Tables

530.41 Lamps at Tables
530.22 Single-Pole Separable Connectors Only composition or metal-sheathed, porcelain, keyless
(A) General Where ac single-pole portable cable connec- lampholders equipped with suitable means to guard lamps
tors are used, they shall be listed and of the locking type. from physical damage and from film and film scrap shall
Sections 400.10, 406.6, and 406.7 shall not apply to listed be used at patching, viewing, and cutting tables.
single-pole separable connections and single-conductor
cable assemblies utilizing listed single-pole separable con- V. Cellulose Nitrate Film Storage Vaultsnectors. Where paralleled sets of current-carrying single-
pole separable connectors are provided as input devices, 530.51 Lamps in Cellulose Nitrate Film
they shall be prominently labeled with a warning indicating Storage Vaults
the presence of internal parallel connections. The use of Lamps in cellulose nitrate film storage vaults shall be in-
single-pole separable connectors shall comply with at least stalled in rigid fixtures of the glass-enclosed and gasketed
one of the following conditions: type. Lamps shall be controlled by a switch having a pole

in each ungrounded conductor. This switch shall be located(1) Connection and disconnection of connectors are only
outside of the vault and provided with a pilot light to indicatepossible where the supply connectors are interlocked to
whether the switch is on or off. This switch shall disconnectthe source and it is not possible to connect or disconnect
from all sources of supply all ungrounded conductors termi-connectors when the supply is energized.
nating in any outlet in the vault.(2) Line connectors are of the listed sequential-interlocking

type so that load connectors shall be connected in the
530.52 Electrical Equipment inCelluloseNitratefollowing sequence:
Film Storage Vaults

a. Equipment grounding conductor connection
Except as permitted in 530.51, no receptacles, outlets, heat-b. Grounded circuit conductor connection, if provided
ers, portable lights, or other portable electric equipmentc. Ungrounded conductor connection, and that discon-
shall be located in cellulose nitrate film storage vaults. Elec-nection shall be in the reverse order
tric motors shall be permitted, provided they are listed for the

(3) A caution notice shall be provided adjacent to the line
application and comply with Article 500, Class I, Division 2.

connectors, indicating that plug connection shall be in
the following order:

VI. Substationsa. Equipment grounding conductor connectors
b. Grounded circuit-conductor connectors, if provided 530.61 Substations
c. Ungrounded conductor connectors, and that discon- Wiring and equipment of over 600 volts, nominal, shall

nection shall be in the reverse order comply with Article 490.

(B) Interchangeability Single-pole separable connectors
530.62 Portable Substationsused in portable professional motion picture and television

equipment shall be permitted to be interchangeable for ac or Wiring and equipment in portable substations shall conform
to the sections applying to installations in permanently fixeddc use or for different current ratings on the same premises,

provided they are listed for ac/dc use and marked in a suitable substations, but, due to the limited space available, the work-
ing spaces shall be permitted to be reduced, provided thatmanner to identify the system to which they are connected.
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540.11Article 540 — Motion Picture Projection Rooms

I. Generalthe equipment shall be arranged so that the operator can
work safely and so that other persons in the vicinity cannot 540.1 Scope
accidentally come into contact with current-carrying parts

The provisions of this article apply to motion picture projec-or bring conducting objects into contact with them while
tion rooms, motion picture projectors, and associated equip-they are energized.
ment of the professional and nonprofessional types using
incandescent, carbon arc, xenon, or other light source equip-

530.63 Overcurrent Protection of Direct- ment that develops hazardous gases, dust, or radiation.
Current Generators

FPN: For further information, see NFPA 40-2001, Stan-
Three-wire generators shall have overcurrent protection in dard for the Storage and Handling of Cellulose Nitrate

Motion Picture Film.accordance with 445.12(E).

Hazardous (classified) locations, as defined in Article 500,530.64 Direct-Current Switchboards
do not include motion picture projection rooms, even though

(A) General Switchboards of not over 250 volts dc be- some of the older types of film, such as cellulose nitrate
tween conductors, where located in substations or switch- film (rarely used now), are highly flammable. Cellulose
board rooms accessible to qualified persons only, shall not acetate film, called safety film, is in wide use today. Because
be required to be dead-front. film is not volatile at ordinary temperatures and no flamma-

ble gases are present, the wiring installation is not required
(B) Circuit Breaker Frames Frames of dc circuit breakers

to be suitable for hazardous (classified) locations, as defined
installed on switchboards shall not be required to be

in Article 500, but should be installed with special care to
grounded.

protect against the hazards of fire.

540.2 DefinitionsARTICLE 540
Nonprofessional Projector. Nonprofessional projectors are

Motion Picture Projection Rooms those types other than as described in 540.2.

Professional Projector. A type of projector using 35- or
70-mm film that has a minimum width of 35 mm (13⁄8 in.)Contents
and has on each edge 212 perforations per meter (5.4 perfora-

I. General tions per inch), or a type using carbon arc, xenon, or other
540.1 Scope light source equipment that develops hazardous gases, dust,
540.2 Definitions or radiation.

II. Equipment and Projectors of the Professional Type
II. Equipment and Projectors of the540.10 Motion Picture Projection Room Required

540.11 Location of Associated Electrical Equipment Professional Type
(A) Motor Generator Sets, Transformers, Rectifiers,

540.10 Motion Picture ProjectionRheostats, and Similar Equipment
Room Required(B) Switches, Overcurrent Devices, or Other

Equipment Every professional-type projector shall be located within a
(C) Emergency Systems projection room. Every projection room shall be of perma-

540.12 Work Space nent construction, approved for the type of building in which
540.13 Conductor Size the projection room is located. All projection ports, spotlight
540.14 Conductors on Lamps and Hot Equipment ports, viewing ports, and similar openings shall be provided
540.15 Flexible Cords with glass or other approved material so as to completely
540.20 Approval close the opening. Such rooms shall not be considered as
540.21 Marking hazardous (classified) locations as defined in Article 500.

III. Nonprofessional Projectors FPN: For further information on protecting openings in
540.31 Motion Picture Projection Room Not Required projection rooms handling cellulose nitrate motion pic-

ture film, see NFPA 101-2003, Life Safety Code.540.32 Approval
IV. Audio Signal Processing, Amplification, and 540.11 Location of Associated

Reproduction Equipment Electrical Equipment
540.50 Audio Signal Processing, Amplification, and

(A) Motor Generator Sets, Transformers, Rectifiers,Reproduction Equipment
Rheostats, and Similar Equipment Motor generator sets,
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540.12 Article 540 — Motion Picture Projection Rooms

transformers, rectifiers, rheostats, and similar equipment for The plan of a projection room of a motion picture theater
the supply or control of current to projection or spotlight is illustrated in Exhibit 540.1. This plan shows one stereopti-
equipment shall, where nitrate film is used, be located in a con, or effect machine (L); two spot machines (S); and three
separate room. Where placed in the projection room, they motion picture projectors (P), which are supplied from the
shall be located or guarded so that arcs or sparks cannot dc panelboard.
come in contact with film, and the commutator end or ends A dc arc lamp is the light source in each of the six
of motor generator sets shall comply with one of the condi- machines shown in Exhibit 540.1. The dc supply is furnished
tions in 540.11(A)(1) through (A)(6). by two motor-generator sets, which are usually installed

in soundproof areas to avoid interfering with the sound-
(1) Types Be of the totally enclosed, enclosed fan-cooled,

reproducing equipment and are controlled from the general
or enclosed pipe-ventilated type.

control panel in the projection room. Two 500-kcmil feeder
cables are run from each generator to the dc panelboard.(2) Separate Rooms or Housings Be enclosed in separate

A branch circuit consisting of two 2/0 AWG cables runsrooms or housings built of noncombustible material con-
from the dc panelboard to each projector (P) and to eachstructed so as to exclude flyings or lint, and properly venti-
spot machine (S). One of the two branch-circuit conductorslated from a source of clean air.
runs directly to a projector (P); the other passes through an
auxiliary gutter to the bank of resistors in the rheostat room(3) Solid Metal Covers Have the brush or sliding-contact
and then to the projector. The resistors are equipped withend of motor-generator enclosed by solid metal covers.
short-circuiting switches, so that the total resistance in series

(4) TightMetal Housings Have brushes or sliding contacts with each arc may be preset to a desired value.
enclosed in substantial, tight metal housings. Because the stereopticon, or effect machine, (L) con-

tains two arc lamps, two circuits with 1 AWG conductors
(5) Upper and Lower Half Enclosures Have the upper are routed to this machine.
half of the brush or sliding-contact end of the motor- The provisions of 540.13 require that the conductors
generator enclosed by a wire screen or perforated metal and supplying outlets for arc and xenon lamps of the professional
the lower half enclosed by solid metal covers. type not be smaller than 8 AWG and be of sufficient size for

the lamps employed. In each case, therefore, the maximum(6) Wire Screens or Perforated Metal Have wire screens
current drawn by the lamps should be determined. In thisor perforated metal placed at the commutator of brush ends.
example, with the arc lamps sized for a large picture, theNo dimension of any opening in the wire screen or perforated
arc in each projector draws nearly 150 amperes.metal shall exceed 1.27 mm (0.05 in.), regardless of the

Four outlets, in addition to the main outlet for supplyingshape of the opening and of the material used.
the arc, are located at each projector for the following auxil-
iary circuits:(B) Switches, Overcurrent Devices, or Other Equipment

Switches, overcurrent devices, or other equipment not nor- 1. Outlet C supplies a small incandescent lamp inside each
mally required or used for projectors, sound reproduction, lamphouse and/or projector.
flood or other special effect lamps, or other equipment shall 2. Outlet G is for the 8 AWG equipment grounding conduc-
not be installed in projection rooms. tor, which is connected to each projector frame and to

a metal water pipe.Exception No. 1: In projection rooms approved for use only
3. Outlet F supplies a foot switch that controls a solenoid-with cellulose acetate (safety) film, the installation of appur-

operated shutter behind each lens, for changing fromtenant electrical equipment used in conjunction with the
one projector to another.operation of the projection equipment and the control of

4. Outlet M supplies the motor used to operate each pro-lights, curtains, and audio equipment, and so forth, shall be
jector.permitted. In such projection rooms, a sign reading ‘‘Safety

Film Only Permitted in This Room’’ shall be posted on
Two exhaust fans and two duct systems, one exhaustingthe outside of each projection room door and within the

from the ceiling of the projection room and one connectedprojection room itself in a conspicuous location.
to the arc lamp housing of each machine, provide ventilation.Exception No. 2: Remote-control switches for the control

of auditorium lights or switches for the control of motors
operating curtains and masking of the motion picture screen 540.12 Work Space
shall be permitted to be installed in projection rooms.

Each motion picture projector, floodlight, spotlight, or simi-
lar equipment shall have clear working space not less than(C) Emergency Systems Control of emergency systems

shall comply with Article 700. 750 mm (30 in.) wide on each side and at the rear thereof.
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540.50Article 540 — Motion Picture Projection Rooms

Exhibit 540.1 A typical layout
of a projection room, including
associated generator-supplied
equipment. Modern projectors
contain rectifiers as an integral
part of their equipment, there-
by eliminating generators and
other associated equipment.

To amplifier panels
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P P P
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General
control
panel

dc
panelboard

Rheostats

To
power
panels

Amplifier panelsRewind room

To magnascope
controller

Exception: One such space shall be permitted between adja- 540.21 Marking
cent pieces of equipment. Projectors and other equipment shall be marked with the

manufacturer’s name or trademark and with the voltage and
540.13 Conductor Size current for which they are designed in accordance with
Conductors supplying outlets for arc and xenon projectors 110.21.
of the professional type shall not be smaller than 8 AWG
and shall be of sufficient size for the projector employed. III. Nonprofessional Projectors
Conductors for incandescent-type projectors shall conform

540.31 Motion Picture Projection Roomto normal wiring standards as provided in 210.24.
Not Required
Projectors of the nonprofessional or miniature type, where540.14 Conductors on Lamps
employing cellulose acetate (safety) film, shall be permittedand Hot Equipment
to be operated without a projection room.Insulated conductors having a rated operating temperature

of not less than 200�C (392�F) shall be used on all lamps
540.32 Approvalor other equipment where the ambient temperature at the

conductors as installed will exceed 50�C (122�F). Projection equipment shall be listed.

540.15 Flexible Cords IV. Audio Signal Processing,
Cords approved for hard usage, as provided in Table 400.4, Amplification, and Reproduction
shall be used on portable equipment. Equipment

540.50 Audio Signal Processing, Amplification,540.20 Approval
and Reproduction EquipmentProjectors and enclosures for arc, xenon and incandescent

lamps and rectifiers, transformers, rheostats, and similar Audio signal processing, amplification, and reproduction
equipment shall be installed as provided in Article 640.equipment shall be listed.
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545.1 Article 545 — Manufactured Buildings

and typically have an information sheet (often inside theARTICLE 545
cabinet below the kitchen sink) indicating the applicableManufactured Buildings building, electrical, plumbing, and mechanical codes to
which the building was constructed. Manufactured building
construction can be directly affected by differences in build-Contents
ing construction regulations among those jurisdictions re-

545.1 Scope sponsible for regulating this type of construction.
545.2 Definitions
545.4 Wiring Methods

(A) Methods Permitted 545.2 Definitions
(B) Securing Cables

Building Component. Any subsystem, subassembly, or545.5 Supply Conductors
other system designed for use in or integral with or as part545.6 Installation of Service-Entrance Conductors
of a structure, which can include structural, electrical, me-545.7 Service Equipment
chanical, plumbing, and fire protection systems, and other545.8 Protection of Conductors and Equipment
systems affecting health and safety.545.9 Boxes

(A) Other Dimensions Building System. Plans, specifications, and documentation
(B) Not Over 1650 cm3 (100 in.3) for a system of manufactured building or for a type or a

545.10 Receptacle or Switch with Integral Enclosure system of building components, which can include struc-
545.11 Bonding and Grounding tural, electrical, mechanical, plumbing, and fire protection
545.12 Grounding Electrode Conductor systems, and other systems affecting health and safety, and
545.13 Component Interconnections including such variations thereof as are specifically permit-

ted by regulation, and which variations are submitted as part
of the building system or amendment thereto.

545.1 Scope
Closed Construction. Any building, building component,

This article covers requirements for a manufactured building
assembly, or system manufactured in such a manner that

and building components as herein defined.
all concealed parts of processes of manufacture cannot be
inspected before installation at the building site without

The term manufactured building is defined in 545.2. With disassembly, damage, or destruction.
respect to this construction method being used for dwelling

Manufactured Building. Any building that is of closedunits, it is important to make the distinction between manu-
construction and is made or assembled in manufacturingfactured buildings covered in Article 545 and manufactured
facilities on or off the building site for installation, or forhomes as covered and defined in Article 550. The most
assembly and installation on the building site, other thandistinguishing feature between the two types of structures
manufactured homes, mobile homes, park trailers, or recre-is how they are placed on the building site. Manufactured
ational vehicles.homes are built on a chassis and installed on site with or

without a permanent foundation. Manufactured buildings
are generally constructed within a factory or assembly plant 545.4 Wiring Methods
and then transported to the building site. They are not built (A) Methods Permitted All raceway and cable wiring
on a chassis and are designed to be installed on a permanent methods included in this Code and such other wiring systems
foundation. specifically intended and listed for use in manufactured

In addition, the organizations responsible for construc- buildings shall be permitted with listed fittings and with
tion standards for these units differ. In the case of manufac- fittings listed and identified for manufactured buildings.
tured homes, the U.S. Department of Housing and Urban
Development, 24 CFR 3280, Manufactured Home Construc- (B) Securing Cables In closed construction, cables shall
tion and Safety Standards, contains construction require- be permitted to be secured only at cabinets, boxes, or fittings
ments for manufactured homes. Manufactured homes bear where 10 AWG or smaller conductors are used and protection
a nameplate documenting that the unit was constructed in against physical damage is provided.
accordance with the federal standard. In accordance with
federal law, this identifying mark is universally recognized 545.5 Supply Conductors
throughout the United States.

Provisions shall be made to route the service-entrance,Manufactured building construction standards generally
service-lateral, feeder, or branch-circuit supply to the serviceare promulgated through state or local units of government
or building disconnecting means conductors.
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545.13Article 547 — Agricultural Buildings

interconnection of modules or other building components.545.6 Installation of Service-Entrance
Such fittings and connectors shall be equal to the wiringConductors
method employed in insulation, temperature rise, and fault-Service-entrance conductors shall be installed after erection
current withstand and shall be capable of enduring the vibra-at the building site.
tion and minor relative motions occurring in the components

Exception: Where point of attachment is known prior to of manufactured building.
manufacture.

Structural components or modules are usually constructed
545.7 Service Equipment in manufacturing facilities and then transported over the
Service equipment shall be installed in accordance with road to a building site for complete assembly of a structure,
230.70. such as a dwelling unit, motel, or office building. At the

on-site location, approved wiring methods are used to in-
545.8 Protection of Conductors and Equipment terconnect two or more modules. Exhibit 545.1 shows a type

of nonmetallic-sheathed cable connector permitted for suchProtection shall be provided for exposed conductors and
interconnections.equipment during processes of manufacturing, packaging,

in transit, and erection at the building site.

545.9 Boxes
(A) Other Dimensions Boxes of dimensions other than
those required in Table 314.16(A) shall be permitted to be
installed where tested, identified, and listed to applicable
standards.

(B) Not Over 1650 cm3 (100 in.3) Any box not over 1650
cm3 (100 in.3) in size, intended for mounting in closed
construction, shall be affixed with anchors or clamps so as
to provide a rigid and secure installation.

545.10 Receptacle or Switch
with Integral Enclosure
A receptacle or switch with integral enclosure and mounting
means, where tested, identified, and listed to applicable stan-

Exhibit 545.1 A type of nonmetallic-sheathed cable connectordards, shall be permitted to be installed.
used for interconnecting modules in a manufacturing building.
(Courtesy of Pass & Seymour/Legrand�)

See the commentary following 300.15(E) for additional dis-
cussion about wiring devices with integral enclosures.

ARTICLE 547
Agricultural Buildings545.11 Bonding and Grounding

Prewired panels and building components shall provide for
Summary of Changesthe bonding, or bonding and grounding, of all exposed metals

likely to become energized, in accordance with Article 250, • 547.5(A): Revised to delete open wiring on insulators as
Parts V, VI, and VII. an acceptable wiring method.

• 547.5(G): Revised to require ground-fault protection in
545.12 Grounding Electrode Conductor dirt livestock confinement areas for protection of person-
Provisions shall be made to route a grounding electrode nel.
conductor from the service, feeder, or branch-circuit supply • 547.9: Revised to require that site-isolating devices be
to the point of attachment to the grounding electrode. pole-mounted. Where a service disconnecting means is

located at the distribution point, the device shall be readily545.13 Component Interconnections
accessible at grade level and shall meet all the provisions

Fittings and connectors that are intended to be concealed at for service equipment, including overcurrent protection
the time of on-site assembly, where tested, identified, and and short-circuit current ratings.
listed to applicable standards, shall be permitted for on-site
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547.1 Article 547 — Agricultural Buildings

areas of similar or like nature as specified in 547.1(A) and
• 547.10: Revised requirements specifying where equipo- 547.1(B).

tential planes are required. Equipotential planes are re-
quired to be installed in a livestock building only where (A) Excessive Dust and Dust with Water Agricultural
there is a concrete floor. For outdoor confinement areas buildings where excessive dust and dust with water may
consisting of either concrete or dirt surfaces, an equipoten- accumulate, including all areas of poultry, livestock, and
tial plane is required to be installed only where the area fish confinement systems, where litter dust or feed dust,
contains metallic equipment that may become energized including mineral feed particles, may accumulate.
and the equipment is accessible to the livestock. In this
case, the equipotential plane only has to encompass the (B) Corrosive Atmosphere Agricultural buildings where
area where the livestock stands while accessing the metal- a corrosive atmosphere exists. Such buildings include areas
lic equipment that may become energized. where the following conditions exist:

(1) Poultry and animal excrement may cause corrosive va-
pors.

Contents (2) Corrosive particles may combine with water.
547.1 Scope (3) The area is damp and wet by reason of periodic washing

(A) Excessive Dust and Dust with Water for cleaning and sanitizing with water and cleansing
(B) Corrosive Atmosphere agents.

547.2 Definitions (4) Similar conditions exist.
547.3 Other Articles
547.4 Surface Temperatures Article 547 applies not only to buildings but also to adjacent
547.5 Wiring Methods areas of similar or like nature. The requirements in Article

(A) Wiring Systems 547 address the severe environmental conditions that regu-
(B) Mounting larly exist on agricultural premises. Damp and wet condi-
(C) Equipment Enclosures, Boxes, Conduit Bodies, and tions, dust from feed and litter, and corrosive agents from

Fittings livestock excrement are all present in these settings as part
(D) Flexible Connections of normal operating conditions. Grounding and bonding re-
(E) Physical Protection quirements unique to agricultural settings are necessary due
(F) Separate Equipment Grounding Conductor to the sensitivity of livestock to differences in potential
(G) Receptacles between surfaces with which they are in direct contact. The

547.6 Switches, Receptacles, Circuit Breakers, wet or damp concrete common to animal confinement areas
Controllers, and Fuses enhances this sensitivity.

547.7 Motors
547.8 Luminaires (Lighting Fixtures)

(A) Minimize the Entrance of Dust 547.2 Definitions
(B) Exposed to Physical Damage

Distribution Point. An electrical supply point from which(C) Exposed to Water
service drops, service laterals, feeders, or branch circuits547.9 Electrical Supply to Building(s) or Structure(s) from
to agricultural buildings, associated farm dwelling(s), anda Distribution Point
associated buildings under single management are supplied.(A) Site-Isolating Device

(B) Service Disconnecting Means and Overcurrent
A definition for the term site-isolating device has been addedProtection at the Building(s) or Structure(s)
in the 2005 Code. The concept of a site-isolating device was(C) Service Disconnecting Means and Overcurrent
introduced in the 2002 edition of the Code. The purpose ofProtection at the Distribution Point
the site-isolating device is to provide a means to disconnect(D) Direct-Buried Equipment Grounding Conductors
and isolate the agricultural premises wiring system from the547.10 Equipotential Planes and Bonding of Equipotential
serving utility under emergency conditions, for maintenancePlanes
of the load side wiring system or to allow for the connection(A) Where Required
of an alternate power source when there is a power outage.(B) Bonding
In accordance with 547.9(A)(1), the site-isolating device
must be pole-mounted, and, as its name implies, it is an547.1 Scope
isolating switch and is not considered to be the service

The provisions of this article shall apply to the following disconnecting means for the agricultural premises.
agricultural buildings or that part of a building or adjacent
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547.5Article 547 — Agricultural Buildings

spacing requirements coupled with eliminating the 1⁄4-in.FPN No. 1: Distribution points are also known as the
center yard pole, meterpole, or the common distribution airspace requirement reduces the potential for physical dam-
point. age to cable-type wiring methods. Locating the wiring meth-
FPN No. 2: The service point as defined in Article 100 ods directly on the interior surface of the building allows a
is typically at the distribution point.

sealant to be placed along the wiring method to facilitate
cleaning. See also 300.6(D), Exception.Equipotential Plane. An area where wire mesh or other

conductive elements are embedded in or placed under con-
crete, bonded to all metal structures and fixed nonelectrical

(C) Equipment Enclosures, Boxes, Conduit Bodies,equipment that may become energized, and connected to the
and Fittingselectrical grounding system to prevent a difference in voltage
(1) Excessive Dust Equipment enclosures, boxes, conduitfrom developing within the plane.
bodies, and fittings installed in areas of buildings where

Site-Isolating Device. A disconnecting means installed at excessive dust may be present shall be designed to minimize
the distribution point for the purposes of isolation, system the entrance of dust and shall have no openings (such as
maintenance, emergency disconnection, or connection of holes for attachment screws) through which dust could enter
optional standby systems. the enclosure.

(2) Damp or Wet Locations In damp or wet locations,547.3 Other Articles
equipment enclosures, boxes, conduit bodies, and fittingsFor agricultural buildings not having conditions as specified
shall be placed or equipped so as to prevent moisture fromin 547.1, the electrical installations shall be made in accor-
entering or accumulating within the enclosure, box, conduitdance with the applicable articles in this Code.
body, or fitting. In wet locations, including normally dry or
damp locations where surfaces are periodically washed or547.4 Surface Temperatures
sprayed with water, boxes, conduit bodies, and fittings shall

Electrical equipment or devices installed in accordance with be listed for use in wet locations and equipment enclosures
the provisions of this article shall be installed in a manner shall be weatherproof.
such that they will function at full rating without developing

(3) Corrosive Atmosphere Where wet dust, excessivesurface temperatures in excess of the specified normal safe
moisture, corrosive gases or vapors, or other corrosive condi-operating range of the equipment or device.
tions may be present, equipment enclosures, boxes, conduit
bodies, and fittings shall have corrosion resistance properties547.5 Wiring Methods
suitable for the conditions.

(A) Wiring Systems Types UF, NMC, copper SE cables,
FPN No. 1: See Table 430.91 for appropriate enclosurejacketed Type MC cable, rigid nonmetallic conduit, liq-
type designations.uidtight flexible nonmetallic conduit, or other cables or race-
FPN No. 2: Aluminum and magnetic ferrous materialsways suitable for the location, with approved termination
may corrode in agricultural environments.fittings, shall be the wiring methods employed. The wiring

methods of Article 502, Part II, shall be permitted for areas
Gasketed weatherproof enclosures may not provide adequatedescribed in 547.1(A).
ventilation for certain types of sensitive equipment, such as

FPN: See 300.7 and 352.44 for installation of raceway electronic equipment. In some cases, it may be necessary to
systems exposed to widely different temperatures. provide ventilation by using other types of enclosures. In

accordance with 547.5(C), appropriate enclosures for the(B) Mounting All cables shall be secured within 200 mm
conditions encountered are required. This requirement in-(8 in.) of each cabinet, box, or fitting. The 6-mm (1⁄4-in.)
cludes consideration of both the type of enclosure and theairspace required for nonmetallic boxes, fittings, conduit,
proper materials used in the construction of the enclosure.and cables in 300.6(C) shall not be required in buildings

covered by this article.

(D) Flexible Connections Where necessary to employ
Cables must be secured within 8 in. of cabinets, boxes, or flexible connections, dusttight flexible connectors, liq-
fittings installed in agricultural buildings. This distance is uidtight flexible conduit, or flexible cord listed and identified
less than that required for cables in other types of occupanc- for hard usage shall be used. All connectors and fittings
ies. The requirement for a 1⁄4-in. airspace in 300.6(D) is used shall be listed and identified for the purpose.
judged unnecessary in agricultural buildings, provided non-

(E) Physical Protection All electrical wiring and equip-metallic wiring methods are used. Decreasing the support
ment subject to physical damage shall be protected.
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547.6 Article 547 — Agricultural Buildings

(A) Site-Isolating Device Site-isolating devices shall com-(F) Separate Equipment Grounding Conductor Non–
current-carrying metal parts of equipment, raceways, and ply with 547.9(A)(1) through (A)(9).
other enclosures, where required to be grounded, shall be

(1) Where Required A site-isolating device shall be in-grounded by a copper equipment grounding conductor in-
stalled at the distribution point where two or more agricul-stalled between the equipment and the building discon-
tural buildings, structures, associated farm dwelling(s), ornecting means. If installed underground, the equipment
other buildings are supplied from the distribution point.grounding conductor shall be insulated or covered.

(2) Location The site-isolating device shall be pole-
mounted and shall meet the clearance requirements ofThe requirements in 547.5(F) improve the longevity of
230.24.equipment grounding conductors installed aboveground and

underground in the highly corrosive locations that are typical
(3) Operation The site-isolating device shall simultane-of many farm buildings.
ously disconnect all ungrounded service conductors from
the premises wiring.

(G) Receptacles All 125-volt, single-phase, 15- and 20-
(4) Bonding Provisions The site-isolating device enclo-ampere general-purpose receptacles installed in the follow-
sure shall be bonded to the grounded circuit conductor anding locations shall have ground-fault circuit-interrupter pro-
the grounding electrode system.tection for personnel:

(5) Grounding At the site-isolating device, the system(1) In areas having an equipotential plane
grounded conductor shall be connected to a grounding elec-(2) Outdoors
trode system via a grounding electrode conductor.(3) Damp or wet locations

(4) Dirt confinement areas for livestock
(6) Rating The site-isolating device shall be rated for the
calculated load as determined by Part V of Article 220.547.6 Switches, Receptacles, Circuit Breakers,

Controllers, and Fuses (7) Overcurrent Protection The site-isolating device shall
Switches, including pushbuttons, relays, and similar devices, not be required to provide overcurrent protection.
receptacles, circuit breakers, controllers, and fuses, shall be

(8) Accessibility Where the site-isolating device is notprovided with enclosures as specified in 547.5(C).
readily accessible, it shall be capable of being remotely
operated by an operating handle installed at a readily accessi-547.7 Motors
ble location. The operating handle of the site-isolating de-Motors and other rotating electrical machinery shall be to-
vice, when in its highest position, shall not be more thantally enclosed or designed so as to minimize the entrance
2.0 m (6 ft 7 in.) above grade or a working platform.of dust, moisture, or corrosive particles.

(9) Series Devices An additional site-isolating device for
547.8 Luminaires (Lighting Fixtures) the premises wiring system shall not be required where a
Luminaires (lighting fixtures) shall comply with 547.8(A) site-isolating device meeting all applicable requirements of
through 547.8(C). this section is provided by the serving utility as part of their

service requirements.(A) Minimize the Entrance of Dust Luminaires (lighting
fixtures) shall be installed to minimize the entrance of dust, (B) Service Disconnecting Means and Overcurrent Pro-
foreign matter, moisture, and corrosive material. tection at the Building(s) or Structure(s) Where the ser-

vice disconnecting means and overcurrent protection are(B) Exposed to Physical Damage Any luminaire (lighting
located at the building(s) or structure(s), the requirementsfixture) that may be exposed to physical damage shall be
of 547.9(B)(1) through (B)(3) shall apply.protected by a suitable guard.

(1) Conductor Sizing The supply conductors shall be sized(C) Exposed to Water A luminaire (fixture) that may be
in accordance with Part V of Article 220.exposed to water from condensation, building cleansing

water, or solution shall be watertight.
(2) Conductor Installation The supply conductors shall
be installed in accordance with the requirements of Part II547.9 Electrical Supply to Building(s) or
of Article 225.Structure(s) from a Distribution Point
(3) Grounding and Bonding For each building or struc-Overhead electrical supply shall comply with 547.9(A) and

547.9(B), or with 547.9(C). Underground electrical supply ture, the conditions in either (B)(3)(a) or (B)(3)(b) shall be
permitted.shall comply with 547.9(C) and 547.9(D).
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547.9Article 547 — Agricultural Buildings

(a) System with grounded neutral conductor. The and supply agricultural buildings. The term distribution point
grounded circuit conductor shall be connected to the building is defined in 547.2 as a supply point for service conductors,
disconnecting means and to the grounding electrode system feeders, or branch circuits supplying agricultural premises.
of that building or structure where all the requirements of Many agricultural sites consist of multiple buildings
250.32(B)(2) are met. that are directly related to the agricultural operation or that

support the operation, as is the case with dwelling units. A
FPN: A system with a grounded neutral conductor is distribution point, sometimes referred to as the center yardcommonly referred to as a ‘‘3-wire system’’ in single-

pole, is often used as a means of centrally locating the originphase applications.
of the electrical distribution system that supplies multiple

(b) System with separate equipment grounding conduc- buildings at an agricultural site via an overhead distribution
tor. A separate equipment-grounding conductor shall be run system. A means to disconnect all ungrounded conductors
with the supply conductors to the building(s) or structure(s), run to the buildings and structures that are supplied from
and the following conditions shall be met: the distribution point is required. This site-isolating device

provides a means to disconnect all power to the buildings
at the agricultural site from a single location. This is usefulFPN: A system with a separate equipment grounding
in the event of an emergency, for the purposes of mainte-conductor is commonly referred to as a ‘‘4-wire system’’

in single-phase applications. nance, or for connection to a stand-by power source.
The site-isolating device is required to be pole-mounted

(1) The equipment grounding conductor shall be the same and therefore in most cases will not be readily accessible.
size as the largest supply conductor if of the same mate- The remote operating handle for the site-isolating device
rial, or adjusted in size in accordance with the equivalent must be capable of being reached by personnel and must be
size columns of Table 250.122 if of different materials. located not more than 6 ft 7 in. above finished grade. A site-

(2) The equipment grounding conductor is bonded to the isolating device provided by an electric utility is permitted,
grounded circuit conductor and the site-isolating device provided that it meets the requirements of 547.9. An addi-
at the distribution point. tional site-isolating device is not required if the device is pro-

(3) A grounding electrode system is provided in accordance vided by the serving utility. If the supply system includes a
with Part III of Article 250 and connected to the equip- grounded conductor, it must be connected to a grounding elec-
ment-grounding conductor at the building(s) or struc- trode system at the site-isolating device. The intent of refer-
ture(s) disconnecting means. ring to this disconnecting means as the site-isolating device

(4) The grounded circuit conductor is not connected to a is so that it is not considered the service disconnecting means.
grounding electrode or to any equipment-grounding The site-isolating device is not required to have provis-
conductor on the load side of the distribution point. ions for overcurrent protection, nor is overcurrent protection

for the load-side conductors required to be located immedi-
(C) Service Disconnecting Means and Overcurrent Pro- ately adjacent to this device. Based on the requirements in
tection at the Distribution Point Where the service discon- 547.9(A) and (B), the location of the service disconnecting
necting means and overcurrent protection for each set of means and overcurrent protection is on the load side of the
feeder conductors are located at the distribution point, feed- site-isolating switch and is located either at the distribution
ers to building(s) or structure(s) shall meet the requirements point or at the building or structure supplied.
of 250.32 and Article 225, Parts I and II. A site-isolating device is not required where the service

equipment is located at the distribution point in accordanceFPN: Methods to reduce neutral-to-earth voltages in
with 547.9(C).livestock facilities include supplying buildings or struc-

In Exhibit 547.1, the pole-mounted site-isolating devicetures with 4-wire single-phase services, sizing 3-wire
single-phase service and feeder conductors to limit volt- is located at the distribution point. A set of overload service
age drop to 2 percent, and connecting loads line-to-line. conductors is run to each of the three structures on the

premises, and at each of the buildings the service discon-
(D) Direct-Buried Equipment Grounding Conductors necting means and overcurrent protection are installed. The
Where livestock is housed, any portion of a direct-buried supply conductors in Exhibit 547.1 are service conductors
equipment grounding conductor run to the building or struc- because there is no overcurrent protection at the site-isolating
ture shall be insulated or covered copper. device. A grounding electrode system is required at the

distribution point, and a grounding electrode conductor con-
nection to the supply system grounded conductor must beSection 547.9 was revised and reorganized for the 2005

Code. The requirements in 547.9 cover the installation of made at the site-isolating device. A grounding electrode
system is also required at each of the buildings. At theseconductors that originate from an electrical distribution point
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547.10 Article 547 — Agricultural Buildings

Service equipment with
overcurrent protection

Feeder

Distribution point

Feeders

Service
conductors

Building
disconnecting
means

Building disconnecting means

Building
disconnecting
means

Exhibit 547.2 Service disconnecting means and overcurrent

Service disconnect 
and overcurrent protection

Service
conductors

Site-isolating 
device

Distribution point

Operating handle
Equipment

building

            Service
disconnect and

overcurrent 
protection

protection located at the distribution point with feeders run to
each building.

Exhibit 547.1 Site-isolating device located at the distribution
point with service conductors run to each building. A service

547.9. A set of feeder conductors is run to each of thedisconnecting means and overcurrent protection is installed at
each building. three structures on the premises. At the distribution point,

a grounding electrode system is required, and in accordance
with 250.32 a grounding electrode system is required at each

locations, a grounding electrode conductor connection to the of the buildings. In addition, a disconnecting means at each
system grounded conductor is permitted, provided such a of the structures is required per 225.31 and 225.32. This
connection does not create a parallel path for neutral current distribution arrangement for agricultural sites is covered in
between the distribution point and the structure discon- 547.9(C).
necting means. If a parallel path for neutral current is created
through multiple grounding connections, 547.9(B)(3)(b) re-
quires the installation of a separate equipment grounding 547.10 Equipotential Planes and Bonding of
conductor between the distribution point and the discon- Equipotential Planes
necting means at each building.

The installation and bonding of equipotential planes shall
The equipment grounding conductor must be the same

comply with 547.10(A) and 547.10(B). For the purposes of
size as the largest supply conductor, or if it is of different

this section, the term livestock shall not include poultry.
conductor material than the supply conductors, it must be
adjusted in size based on Table 250.122. (A) Where Required Equipotential planes shall be in-

Any portion of the equipment grounding conductor in- stalled in all concrete floor confinement areas in livestock
stalled under ground in raceways, in cable assemblies, or buildings, and in all outdoor confinement areas such as
direct-buried must be insulated or covered copper in accor- feedlots, containing metallic equipment that may become
dance with 547.5(F) and 547.9(D). This provision applies energized and is accessible to livestock. The equipotential
to the equipment grounding conductor of all underground plane shall encompass the area where the livestock stands
branch circuits and feeders covered by the requirements of while accessing metallic equipment that may become ener-
Article 547. The intent of this requirement is to protect the gized.
equipment grounding conductor from the corrosive influ-

(B) Bonding Equipotential planes shall be bonded to theences inherent to agricultural premises and to reduce leakage
electrical grounding system. The bonding conductor shallcurrent in those areas where livestock are kept, because
be copper, insulated, covered or bare, and not smaller thanprevention of stray voltage at agricultural premises is of the
8 AWG. The means of bonding to wire mesh or conductiveutmost importance.
elements shall be by pressure connectors or clamps of brass,In Exhibit 547.2, the service equipment and overcurrent
copper, copper alloy, or an equally substantial approvedprotection are located at the distribution point. This distribu-
means. Slatted floors that are supported by structures thattion arrangement does not require a site-isolating device per
are a part of an equipotential plane shall not require bonding.
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547.10Article 550 — Mobile Homes, Manufactured Homes, and Mobile Home Parks

FPN No. 1: Methods to establish equipotential planes are
550.11 Disconnecting Means and Branch-Circuitdescribed in American Society of Agricultural Engineers

(ASAE) EP473-2001, Equipotential Planes in Animal Protective Equipment
Containment Areas. (A) Disconnecting Means
FPN No. 2: Low grounding electrode system resistances (B) Branch-Circuit Protective Equipment
may reduce potential differences in livestock facilities. (C) Two-Pole Circuit Breakers

(D) Electrical Nameplates
550.12 Branch CircuitsARTICLE 550 (A) Lighting

Mobile Homes, Manufactured (B) Small Appliances
(C) Laundry AreaHomes, and Mobile Home Parks
(D) General Appliances
(E) Bathrooms

Summary of Changes 550.13 Receptacle Outlets
(A) Grounding-Type Receptacle Outlets• 550.12(C): Revised to prohibit the laundry circuit from
(B) Ground-Fault Circuit Interrupters (GFCI)supplying other than laundry receptacle outlets.
(C) Cord-Connected Fixed Appliance• 550.13(F)(1): Revised requirement to prohibit receptacle
(D) Receptacle Outlets Requiredoutlets within a bathtub or shower space; deleted the
(E) Pipe Heating Cable(s) Outletphrase ‘‘within reach of such space.’’
(F) Receptacle Outlets Not Permitted

• 550.13(G): Revised to not require, rather than prohibit, (G) Receptacle Outlets Not Required
receptacle outlets in the identified spaces. 550.14 Luminaires (Fixtures) and Appliances

• 550.15(H), Exception: Revised to include MI cable as (A) Fasten Appliances in Transit
an under-chassis wiring method. (B) Accessibility

(C) Pendants• 550.32(A):Revised to require that the rating of the permit-
(D) Bathtub and Shower Luminaires (Fixtures)ted additional site disconnecting means be not less than the

550.15 Wiring Methods and Materialsrating required for site service equipment in accordance
(A) Nonmetallic Boxes550.32(C).
(B) Nonmetallic Cable Protection
(C) Metal-Covered and Nonmetallic Cable

Protection
Contents (D) Metal Faceplates

(E) Installation RequirementsI. General
(F) Raceways550.1 Scope
(G) Switches550.2 Definitions
(H) Under-Chassis Wiring (Exposed to Weather)550.4 General Requirements
(I) Boxes, Fittings, and Cabinets(A) Mobile Home Not Intended as a Dwelling
(J) Appliance Terminal ConnectionsUnit

(K) Component Interconnections(B) In Other Than Mobile Home Parks
550.16 Grounding(C) Connection to Wiring System

(A) Grounded (Neutral) Conductor(D) Listed or Labeled
(B) Equipment Grounding MeansII. Mobile and Manufactured Homes
(C) Bonding of Non–Current-Carrying Metal Parts550.10 Power Supply

550.17 Testing(A) Feeder
(A) Dielectric Strength Test(B) Power-Supply Cord
(B) Continuity and Operational Tests and Polarity(C) Attachment Plug Cap

Checks(D) Overall Length of a Power-Supply Cord
550.18 Calculations(E) Marking

(A) Lighting, Small Appliance, and Laundry(F) Point of Entrance
Load(G) Protected

(B) Total Load for Determining Power Supply(H) Protection Against Corrosion and Mechanical
(C) Optional Method of Calculation for LightingDamage

(I) Mast Weatherhead or Raceway and Appliance Load
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550.1 Article 550 — Mobile Homes, Manufactured Homes, and Mobile Home Parks

ity. Mobile homes are defined as manufactured homes in
550.19 Interconnection of Multiple-Section Mobile or the HUD regulations. For the purposes of this Code, and

Manufactured Home Units unless otherwise indicated, the term mobile home includes
(A) Wiring Methods manufactured homes.
(B) Disconnecting Means The regulations pertaining to electrical systems are lo-

550.20 Outdoor Outlets, Luminaires (Fixtures), Air- cated in 24 CFR 3280.801–3280.816. They require that new
Cooling Equipment, and So Forth manufactured homes comply with the federal standard. In

(A) Listed for Outdoor Use some cases, HUD has delegated the enforcement of this
(B) Outside Heating Equipment, Air-Conditioning standard to state and private inspection agencies and quali-

Equipment, or Both fied testing laboratories. The service equipment and feeders
550.25 Arc-Fault Circuit-Interrupter Protection installed at the mobile or manufactured home site is covered

(A) Definition by the requirements in Part III of this article.
(B) Bedrooms of Mobiles Homes and Manufactured See Article 545 for the requirements covering electrical

Homes systems in manufactured buildings.
III. Services and Feeders

550.30 Distribution System
550.31 Allowable Demand Factors 550.2 Definitions
550.32 Service Equipment Appliance, Fixed. An appliance that is fastened or other-

(A) Mobile Home Service Equipment wise secured at a specific location.
(B) Manufactured Home Service Equipment

Appliance, Portable. An appliance that is actually moved(C) Rating
or can easily be moved from one place to another in normal(D) Additional Outside Electrical Equipment
use.(E) Additional Receptacles

(F) Mounting Height
FPN: For the purpose of this article, the following major

(G) Marking appliances, other than built-in, are considered portable
550.33 Feeder if cord connected: refrigerators, range equipment, clothes

washers, dishwashers without booster heaters, or other(A) Feeder Conductors
similar appliances.(B) Feeder Capacity

Appliance, Stationary. An appliance that is not easily
moved from one place to another in normal use.I. General
Distribution Panelboard. See definition of panelboard in550.1 Scope
Article 100.

The provisions of this article cover the electrical conductors
Feeder Assembly. The overhead or under-chassis feederand equipment installed within or on mobile and manufac-
conductors, including the grounding conductor, togethertured homes, the conductors that connect mobile and manu-
with the necessary fittings and equipment or a power-supplyfactured homes to a supply of electricity, and the installation
cord listed for mobile home use, designed for the purposeof electrical wiring, luminaires (fixtures), equipment, and
of delivering energy from the source of electrical supply toappurtenances related to electrical installations within a mo-
the distribution panelboard within the mobile home.bile home park up to the mobile home service-entrance

conductors or, if none, the mobile home service equipment. Laundry Area. An area containing or designed to contain
a laundry tray, clothes washer, or a clothes dryer.FPN: For additional information on manufactured hous-

ing see NFPA 501-2003, Standard on Manufactured
Manufactured Home. A structure, transportable in one orHousing, and Part 3280, Manufactured Home Construc-
more sections, that is 2.5 m (8 body ft) or more in width ortion and Safety Standards, of the Federal Department of

Housing and Urban Development. 12 m (40 body ft) or more in length in the traveling mode
or, when erected on site, is 30 m2 (320 ft2) or more; which
is built on a chassis and designed to be used as a dwelling,The Federal Mobile Home Construction and Safety Stan-
with or without a permanent foundation, when connected todard, issued by the Federal Housing and Urban Development
the required utilities, including the plumbing, heating, airAdministration (HUD), incorporates many of the provisions
conditioning, and electrical systems contained therein. Cal-of Article 550 of the NEC. The federal standard contains
culations used to determine the number of square metersthe requirements for electrical systems, conductors, and
(square feet) in a structure will be based on the structure’sequipment installed within or on mobile homes and the
exterior dimensions, measured at the largest horizontal pro-conductors that connect mobile homes to a supply of electric-
jections when erected on site. These dimensions include all
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550.10Article 550 — Mobile Homes, Manufactured Homes, and Mobile Home Parks

expandable rooms, cabinets, and other projections con- and its accessory buildings or structures for the exclusive
use of its occupants.taining interior space but do not include inside bay windows.

For the purpose of this Code and unless otherwise indi-
Mobile Home Park. A contiguous parcel of land that iscated, the term mobile home includes manufactured homes.
used for the accommodation of occupied mobile homes.

FPN No. 1: See the applicable building code for defini-
Mobile Home Service Equipment. The equipment con-tion of the term permanent foundation.
taining the disconnecting means, overcurrent protective de-FPN No. 2: See Part 3280, Manufactured Home Con-
vices, and receptacles or other means for connecting a mobilestruction and Safety Standards, of the Federal Depart-
home feeder assembly.ment of Housing and Urban Development, for additional

information on the definition.
Park Electrical Wiring Systems. All of the electrical wir-

Mobile Home. A factory-assembled structure or structures ing, luminaires (fixtures), equipment, and appurtenances re-
transportable in one or more sections that is built on a perma- lated to electrical installations within a mobile home park,
nent chassis and designed to be used as a dwelling without including the mobile home service equipment.
a permanent foundation where connected to the required
utilities and that includes the plumbing, heating, air- 550.4 General Requirements
conditioning, and electric systems contained therein.

(A) Mobile Home Not Intended as a Dwelling Unit AFor the purpose of this Code and unless otherwise indi-
mobile home not intended as a dwelling unit — for example,cated, the term mobile home includes manufactured homes.
those equipped for sleeping purposes only, contractor’s on-
site offices, construction job dormitories, mobile studioMobile Home Accessory Building or Structure. Any
dressing rooms, banks, clinics, mobile stores, or intended forawning, cabana, ramada, storage cabinet, carport, fence,
the display or demonstration of merchandise or machinery —windbreak, or porch established for the use of the occupant
shall not be required to meet the provisions of this articleof the mobile home on a mobile home lot.
pertaining to the number or capacity of circuits required. It
shall, however, meet all other applicable requirements ofMobile home is the original term covering a structure that
this article if provided with an electrical installation intendedis built on a chassis, designed to be transportable and in-
to be energized from a 120-volt or 120/240-volt ac powertended for installation on a site with or without a permanent
supply system. Where different voltage is required by eitherfoundation. The Code has covered these units and their
design or available power supply system, adjustment shallassociated site equipment since the 1965 edition. Manufac-
be made in accordance with other articles and sections fortured homes (not to be confused with manufactured build-
the voltage used.ings, covered in Article 545) are also covered by Article

550 and, for the purposes of this article, are considered
(B) In Other Than Mobile Home Parks Mobile homes

mobile homes. The term manufactured home is used in the
installed in other than mobile home parks shall comply with

federal standard that covers their construction. The require-
the provisions of this article.

ments in Article 550 treat mobile and manufactured homes
the same unless specifically stated otherwise. An example (C) Connection to Wiring System The provisions of this
of a distinction between the two is found in 550.32(B), which article shall apply to mobile homes intended for connection
contains provisions exclusive to manufactured homes that to a wiring system rated 120/240 volts, nominal, 3-wire ac,
cover mounting of service equipment on the structure. with grounded neutral.

The requirements contained in Article 550, Part III cover
the installation of service equipment and feeders at mobile (D) Listed or Labeled All electrical materials, devices,
and manufactured home sites. It is intended that mobile appliances, fittings, and other equipment shall be listed or
and manufactured homes constructed in accordance with the labeled by a qualified testing agency and shall be connected
requirements of Article 550, Parts I and II (or under the in an approved manner when installed.
HUD 24 CFR 3280 regulations) be installed at their sites
in accordance with the requirements of Part III. For more II. Mobile and Manufactured Homes
information on the distinction between manufactured homes

550.10 Power Supplyand manufactured buildings, see the commentary following
545.1. (A) Feeder The power supply to the mobile home shall be

a feeder assembly consisting of not more than one listed 50-
ampere mobile home power-supply cord with an integrally

Mobile Home Lot. A designated portion of a mobile home molded or securely attached plug cap or a permanently in-
stalled feeder.park designed for the accommodation of one mobile home
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550.10 Article 550 — Mobile Homes, Manufactured Homes, and Mobile Home Parks

Exception No. 1: A mobile home that is factory equipped right-angle cap is used, the configuration shall be oriented
so that the grounding member is farthest from the cord.with gas or oil-fired central heating equipment and cooking

appliances shall be permitted to be provided with a listed
FPN: Complete details of the 50-ampere plug and recep-mobile home power-supply cord rated 40 amperes. tacle configuration can be found in the National Electrical
Manufacturers Association Standard for Dimensions ofException No. 2: A feeder assembly shall not be required
Attachment Plugs and Receptacles, ANSI/NEMA WDfor manufactured homes constructed in accordance with
6-1989, Figure 14-50.550.32(B).

(D) Overall Length of a Power-Supply Cord The overall
Exception No. 2 modifies the requirement of 550.10(A) length of a power-supply cord, measured from the end of
only for manufactured homes. The installation of service the cord, including bared leads, to the face of the attachment
equipment is permitted in or on a manufactured home per plug cap shall not be less than 6.4 m (21 ft) and shall not
550.32(B). exceed 11 m (361⁄2 ft). The length of the cord from the face

of the attachment plug cap to the point where the cord enters
the mobile home shall not be less than 6.0 m (20 ft).

(B) Power-Supply Cord If the mobile home has a power-
(E) Marking The power-supply cord shall bear the follow-supply cord, it shall be permanently attached to the distribu-
ing marking:tion panelboard or to a junction box permanently connected

to the distribution panelboard, with the free end terminating
FOR USE WITH MOBILE HOMES — 40 AMPERES.

in an attachment plug cap.
Cords with adapters and pigtail ends, extension cords,

or
and similar items shall not be attached to, or shipped with,
a mobile home. FOR USE WITH MOBILE HOMES — 50 AMPERES.

A suitable clamp or the equivalent shall be provided at
(F) Point of Entrance The point of entrance of the feederthe distribution panelboard knockout to afford strain relief
assembly to the mobile home shall be in the exterior wall,for the cord to prevent strain from being transmitted to
floor, or roof.the terminals when the power-supply cord is handled in its

intended manner.
(G) Protected Where the cord passes through walls orThe cord shall be a listed type with four conductors,
floors, it shall be protected by means of conduits and bush-one of which shall be identified by a continuous green color
ings or equivalent. The cord shall be permitted to be installedor a continuous green color with one or more yellow stripes
within the mobile home walls, provided a continuous race-for use as the grounding conductor.
way having a maximum size of 32 mm (11⁄4 in.) is installed
from the branch-circuit panelboard to the underside of the(C) Attachment Plug Cap The attachment plug cap shall
mobile home floor.be a 3-pole, 4-wire, grounding type, rated 50 amperes, 125/

250 volts with a configuration as shown in Figure 550.10(C)
(H) Protection Against Corrosion and Mechanical

and intended for use with the 50-ampere, 125/250-volt recep-
Damage Permanent provisions shall be made for the protec-

tacle configuration shown in Figure 550.10(C). It shall be
tion of the attachment plug cap of the power-supply cord

listed, by itself or as part of a power-supply cord assembly,
and any connector cord assembly or receptacle against corro-

for the purpose and shall be molded to or installed on the
sion and mechanical damage if such devices are in an exterior

flexible cord so that it is secured tightly to the cord at the
location while the mobile home is in transit.

point where the cord enters the attachment plug cap. If a

(I) Mast Weatherhead or Raceway Where the calculated
load exceeds 50 amperes or where a permanent feeder is
used, the supply shall be by means of either of the following:

(1) One mast weatherhead installation, installed in accor-
dance with Article 230, containing four continuous, in-
sulated, color-coded feeder conductors, one of which
shall be an equipment grounding conductor125/250-V, 50-A, 3-pole, 4-wire, grounding type

G
XY

W

Receptacle

G
YX

W

Cap

(2) A metal raceway or rigid nonmetallic conduit from the
disconnecting means in the mobile home to the under-

Figure 550.10(C) 50-Ampere, 125/250-Volt Receptacle and At-
side of the mobile home, with provisions for the attach-tachment Plug CapConfigurations, 3-Pole, 4-Wire, Grounding-
ment to a suitable junction box or fitting to the racewayTypes, Used for Mobile Home Supply Cords and Mobile Home

Parks on the underside of the mobile home [with or without

2005 National Electrical Code Handbook844

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



550.11Article 550 — Mobile Homes, Manufactured Homes, and Mobile Home Parks

conductors as in 550.10(I)(1)]. The manufacturer shall shall be insulated in accordance with 550.16(A). The discon-
necting equipment shall have a rating not less than the calcu-provide written installation instructions stating the

proper feeder conductor sizes for the raceway and the lated load. The distribution equipment, either circuit breaker
or fused type, shall be located a minimum of 600 mm (24size of the junction box to be used.
in.) from the bottom of such equipment to the floor level
of the mobile home.Today’s mobile and manufactured homes are generally larger

and have more electrically powered equipment than earlier FPN: See 550.20(B) for information on disconnecting
units, which in most cases results in a feeder calculation means for branch circuits designed to energize heating

or air-conditioning equipment, or both, located outsidethat exceeds 50 amperes. Cord-and-plug connection is per-
the mobile home, other than room air conditioners.mitted for units in which the calculated load does not exceed

50 amperes. If the calculated load exceeds 50 amperes, the
A distribution panelboard shall be rated not less thanCode requires a permanently connected feeder, as covered

50 amperes and employ a 2-pole circuit breaker rated 40in 550.10(I) and 550.33. Local requirements must be checked
amperes for a 40-ampere supply cord, or 50 amperes for a 50-for the approved method of installing overhead and under-
ampere supply cord. A distribution panelboard employing aground feeder assemblies.
disconnect switch and fuses shall be rated 60 amperes andA raceway is required from the distribution panelboard
shall employ a single 2-pole, 60-ampere fuseholder with 40-in the mobile home to the underside of the mobile home.
or 50-ampere main fuses for 40- or 50-ampere supply cords,Typically, the feeder conductors in this raceway are installed
respectively. The outside of the distribution panelboard shallwhen the mobile home is located at its site. The raceway
be plainly marked with the fuse size.provides a means to install the feeder conductors to the

The distribution panelboard shall be located in an acces-mobile home panelboard without having to damage the inte-
sible location but shall not be located in a bathroom or arior finish. The feeder assembly must comprise four continu-
clothes closet. A clear working space at least 750 mm (30ous, insulated, color-coded conductors, as indicated in
in.) wide and 750 mm (30 in.) in front of the distribution550.10(I)(1) and 550.33(A).
panelboard shall be provided. This space shall extend from
the floor to the top of the distribution panelboard.

550.11 Disconnecting Means and Branch-
(B) Branch-Circuit Protective Equipment Branch-Circuit Protective Equipment
circuit distribution equipment shall be installed in each mo-The branch-circuit equipment shall be permitted to be com-
bile home and shall include overcurrent protection for eachbined with the disconnecting means as a single assembly.
branch circuit consisting of either circuit breakers or fuses.Such a combination shall be permitted to be designated as

The branch-circuit overcurrent devices shall be rated asa distribution panelboard. If a fused distribution panelboard
follows:is used, the maximum fuse size for the mains shall be plainly

marked with lettering at least 6 mm (1⁄4 in.) high and visible (1) Not more than the circuit conductors; and
when fuses are changed. (2) Not more than 150 percent of the rating of a single

Where plug fuses and fuseholders are used, they shall appliance rated 13.3 amperes or more that is supplied
be tamper-resistant Type S, enclosed in dead-front fuse pan- by an individual branch circuit; but
elboards. Electrical distribution panelboards containing cir- (3) Not more than the overcurrent protection size and of
cuit breakers shall also be dead-front type. the type marked on the air conditioner or other motor-

operated appliance.FPN: See 110.22 concerning identification of each dis-
connecting means and each service, feeder, or branch

(C) Two-Pole Circuit Breakers Where circuit breakers arecircuit at the point where it originated and the type mark-
provided for branch-circuit protection, 240-volt circuits shalling needed.
be protected by a 2-pole common or companion trip, or

(A) Disconnecting Means A single disconnecting means handle-tied paired circuit breakers.
shall be provided in each mobile home consisting of a circuit

(D) Electrical Nameplates A metal nameplate on the out-breaker, or a switch and fuses and its accessories installed
side adjacent to the feeder assembly entrance shall read:in a readily accessible location near the point of entrance

of the supply cord or conductors into the mobile home.
THIS CONNECTION FOR 120/240-VOLT,The main circuit breakers or fuses shall be plainly marked 3-POLE, 4-WIRE, 60-HERTZ,

‘‘Main.’’ This equipment shall contain a solderless type of AMPERE SUPPLY
grounding connector or bar for the purposes of grounding,
with sufficient terminals for all grounding conductors. The The correct ampere rating shall be marked in the blank

space.neutral bar termination of the grounded circuit conductors
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550.12 Article 550 — Mobile Homes, Manufactured Homes, and Mobile Home Parks

(D) General Appliances (Including furnace, water heater,Exception: For manufactured homes, the manufacturer
shall provide in its written installation instructions or in the range, and central or room air conditioner, etc.) There shall

be one or more circuits of adequate rating in accordancedata plate the minimum ampere rating of the feeder assembly
or, where provided, the service entrance conductors intended with the following:
for connection to the manufactured home. The rating pro-

FPN: For central air conditioning, see Article 440.vided shall not be less than the minimum load calculated
in accordance with 550.18. (1) The ampere rating of fixed appliances shall not be over

50 percent of the circuit rating if lighting outlets (recep-
tacles, other than kitchen, dining area, and laundry, con-550.12 Branch Circuits
sidered as lighting outlets) are on the same circuit.The number of branch circuits required shall be determined

(2) For fixed appliances on a circuit without lighting outlets,in accordance with 550.12(A) through (E).
the sum of rated amperes shall not exceed the branch-
circuit rating. Motor loads or continuous loads shall not(A) Lighting The number of branch circuits shall be based
exceed 80 percent of the branch-circuit rating.on 33 volt-amperes/m2 (3 VA/ft2) times outside dimensions

(3) The rating of a single cord-and-plug-connected appli-of the mobile home (coupler excluded) divided by 120 volts
ance on a circuit having no other outlets shall not exceedto determine the number of 15- or 20-ampere lighting area
80 percent of the circuit rating.circuits, for example,

(4) The rating of a range branch circuit shall be based on the
range demand as specified for ranges in 550.18(B)(5).3 � length � width

120 � 15 (or 20)
= No. of 15- (or 20-)

ampere circuits
(E) Bathrooms Bathroom receptacle outlets shall be sup-

(B) Small Appliances In kitchens, pantries, dining rooms, plied by at least one 20-ampere branch circuit. Such circuits
and breakfast rooms, two or more 20-ampere small- shall have no other outlets other than as provided for in
appliance circuits, in addition to the number of circuits re- 550.13(E)(2).
quired elsewhere in this section, shall be provided for all
receptacle outlets required by 550.13(D) in these rooms. 550.13 Receptacle Outlets
Such circuits shall have no other outlets.

(A) Grounding-Type Receptacle Outlets All receptacle
outlets shall comply with the following:Exception No. 1: Receptacle outlets installed solely for the

electrical supply and support of an electric clock in any the (1) Be of grounding type
rooms specified in 550.12(B) shall be permitted. (2) Be installed according to 406.3
Exception No. 2: Receptacle outlets installed to provide (3) Except where supplying specific appliances, be 15- or
power for supplemental equipment and lighting on gas-fired 20-ampere, 125-volt, either single or multiple type, and
ranges, ovens, or counter-mounted cooking units shall be accept parallel-blade attachment plugs
permitted.

(B) Ground-Fault Circuit Interrupters (GFCI) All 125-Exception No. 3: A single receptacle for refrigeration equip-
volt, single-phase, 15- and 20-ampere receptacle outlets in-ment shall be permitted to be supplied from an individual
stalled outdoors, in compartments accessible from outsidebranch circuit rated 15 amperes or greater.
the unit, or in bathrooms, including receptacles in luminaires
(light fixtures), shall have GFCI protection. GFCI protection

Countertop receptacle outlets installed in the kitchen shall be provided for receptacle outlets serving countertops
shall be supplied by not less than two small-appliance circuit in kitchens, and receptacle outlets located within 1.8 m (6
branch circuits, either or both of which shall be permitted ft) of a wet bar sink.
to supply receptacle outlets in the kitchen and other locations

Exception: Receptacles installed for appliances in dedi-specified in 550.12(B).
cated spaces, such as for dishwashers, disposals, refrigera-

(C) Laundry Area Where a laundry area is provided, a tors, freezers, and laundry equipment.
20-ampere branch circuit shall be provided to supply the
laundry receptacle outlet(s). This circuit shall have no other Feeders supplying branch circuits shall be permitted to
outlets. be protected by a ground-fault circuit-interrupter in lieu of

the provision for such interrupters specified herein.
Section 550.12(C) was expanded in the 2005 Code to clarify

(C) Cord-Connected Fixed Appliance A grounding-typethat a 20-ampere laundry circuit is not allowed to supply
receptacle outlet shall be provided for each cord-connectedother outlets beyond the laundry area.
fixed appliance installed.
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550.15Article 550 — Mobile Homes, Manufactured Homes, and Mobile Home Parks

purpose of arranging the supply circuit to the pipe heating(D) Receptacle Outlets Required Except in the bath,
closet, and hall areas, receptacle outlets shall be installed at cable outlet in this manner is to allow supervision of the

power supply to, and GFCI protection of, this outlet fromwall spaces 600 mm (2 ft) wide or more so that no point
along the floor line is more than 1.8 m (6 ft) measured the interior of the mobile home. If the overcurrent protective

device or GFCI device opens, the occupants of the mobilehorizontally from an outlet in that space. In addition, a
receptacle outlet shall be installed in the following locations: home are more likely to notice it than if the outlet were

supplied by a dedicated circuit and the GFCI device were
(1) Over or adjacent to countertops in the kitchen [at least located at the outlet.

one on each side of the sink if countertops are on each
side and are 300 mm (12 in.) or over in width].

(2) Adjacent to the refrigerator and freestanding gas-range (F) Receptacle Outlets Not Permitted Receptacle outlets
space. A duplex receptacle shall be permitted to serve shall not be permitted in the following locations:
as the outlet for a countertop and a refrigerator.

(1) Receptacle outlets shall not be installed within a bathtub(3) At countertop spaces for built-in vanities.
or shower space.(4) At countertop spaces under wall-mounted cabinets.

(2) A receptacle shall not be installed in a face-up position(5) In the wall at the nearest point to where a bar-type
in any countertop.counter attaches to the wall.

(3) Receptacle outlets shall not be installed above electric(6) In the wall at the nearest point to where a fixed room
baseboard heaters, unless provided for in the listing ordivider attaches to the wall.
manufacturer’s instructions.(7) In laundry areas within 1.8 m (6 ft) of the intended

location of the laundry appliance(s).
(G) Receptacle Outlets Not Required Receptacle outlets(8) At least one receptacle outlet located outdoors and ac-
shall not be required in the following locations:cessible at grade level and not more than 2.0 m (61⁄2 ft)

above grade. A receptacle outlet located in a compart- (1) In the wall space occupied by built-in kitchen or ward-
ment accessible from the outside of the unit shall be robe cabinets
considered an outdoor receptacle. (2) In the wall space behind doors that can be opened fully

(9) At least one receptacle outlet shall be installed in bath- against a wall surface
rooms within 900 mm (36 in.) of the outside edge of (3) In room dividers of the lattice type that are less than
each basin. The receptacle outlet shall be located above 2.5 m (8 ft) long, not solid, and within 150 mm (6 in.)
or adjacent to the basin location. This receptacle shall of the floor
be in addition to any receptacle that is a part of a (4) In the wall space afforded by bar-type counters
luminaire (fixture) or appliance. The receptacle shall
not be enclosed within a bathroom cabinet or vanity. 550.14 Luminaires (Fixtures) and Appliances

(A) FastenAppliances in Transit Means shall be provided(E) Pipe Heating Cable(s) Outlet For the connection of
to securely fasten appliances when the mobile home is inpipe heating cable(s), a receptacle outlet shall be located on
transit. (See 550.16 for provisions on grounding.)the underside of the unit as follows:

(1) Within 600 mm (2 ft) of the cold water inlet. (B) Accessibility Every appliance shall be accessible for
(2) Connected to an interior branch circuit, other than a inspection, service, repair, or replacement without removal

small appliance branch circuit. It shall be permitted to of permanent construction.
use a bathroom receptacle circuit for this purpose.

(C) Pendants Listed pendant-type luminaires (fixtures) or(3) On a circuit where all of the outlets are on the load side
pendant cords shall be permitted.of the ground-fault circuit-interrupter.

(4) This outlet shall not be considered as the receptacle
(D) Bathtub and Shower Luminaires (Fixtures) Whererequired by 550.13(D)(8).
a luminaire (lighting fixture) is installed over a bathtub or
in a shower stall, it shall be of the enclosed and gasketed

The provisions of 550.13(E) require a receptacle outlet on type listed for wet locations.
the underside of mobile homes to supply cord-and-plug-
connected pipe-heating cables (sometimes referred to as heat 550.15 Wiring Methods and Materials
tape outlets). The receptacle must be GFCI protected and

Except as specifically limited in this section, the wiringconnected to a branch circuit that serves the interior of the
methods and materials included in this Code shall be usedmobile home. All the outlets supplied by this branch circuit
in mobile homes. Aluminum conductors, aluminum alloymust be on the load (downstream) side of a GFCI. The
conductors, and aluminum core conductors such as copper-
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550.16 Article 550 — Mobile Homes, Manufactured Homes, and Mobile Home Parks

clad aluminum shall not be acceptable for use as branch- it shall be protected by rigid metal conduit or intermediate
metal conduit. The conductors shall be suitable for wet loca-circuit wiring.
tions.

(A) Nonmetallic Boxes Nonmetallic boxes shall be permit-
Exception: Type MI cable, electrical metallic tubing, orted only with nonmetallic cable or nonmetallic raceways.
rigid nonmetallic conduit shall be permitted where closely

(B) Nonmetallic Cable Protection Nonmetallic cable lo- routed against frames and equipment enclosures.
cated 380 mm (15 in.) or less above the floor, if exposed,
shall be protected from physical damage by covering boards, (I) Boxes, Fittings, and Cabinets Boxes, fittings, and cab-

inets shall be securely fastened in place and shall be sup-guard strips, or raceways. Cable likely to be damaged by
stowage shall be so protected in all cases. ported from a structural member of the home, either directly

or by using a substantial brace.
(C) Metal-Covered and Nonmetallic Cable Protection

Exception: Snap-in-type boxes. Boxes provided with specialMetal-covered and nonmetallic cables shall be permitted to
wall or ceiling brackets and wiring devices with integralpass through the centers of the wide side of 2 by 4 studs.
enclosures that securely fasten to walls or ceilings and areHowever, they shall be protected where they pass through
identified for the use shall be permitted without support from2 by 2 studs or at other studs or frames where the cable or
a structural member or brace. The testing and approvalarmor would be less than 32 mm (11⁄4 in.) from the inside
shall include the wall and ceiling construction systems foror outside surface of the studs where the wall covering
which the boxes and devices are intended to be used.materials are in contact with the studs. Steel plates on each

side of the cable, or a tube, with not less than 1.35 mm
(J) Appliance Terminal Connections Appliances having(0.053 in.) wall thickness shall be required to protect the
branch-circuit terminal connections that operate at tempera-cable. These plates or tubes shall be securely held in place.
tures higher than 60�C (140�F) shall have circuit conductors
as described in the following:(D) Metal Faceplates Where metal faceplates are used,

they shall be effectively grounded.
(1) Branch-circuit conductors having an insulation suitable

for the temperature encountered shall be permitted to(E) Installation Requirements If a range, clothes dryer,
be run directly to the appliance.or similar appliance is connected by metal-covered cable or

(2) Conductors having an insulation suitable for the temper-flexible metal conduit, a length of not less than 900 mm (3
ature encountered shall be run from the appliance termi-ft) of free cable or conduit shall be provided to permit
nal connection to a readily accessible outlet box placedmoving the appliance. The cable or flexible metal conduit
at least 300 mm (1 ft) from the appliance. These conduc-shall be secured to the wall. Type NM or Type SE cable
tors shall be in a suitable raceway or Type AC or MCshall not be used to connect a range or dryer. This shall not
cable of at least 450 mm (18 in.) but not more than 1.8prohibit the use of Type NM or Type SE cable between the
m (6 ft) in length.branch-circuit overcurrent-protective device and a junction

box or range or dryer receptacle.
(K) Component Interconnections Fittings and connectors

(F) Raceways Where rigid metal conduit or intermediate that are intended to be concealed at the time of assembly shall
metal conduit is terminated at an enclosure with a locknut be listed and identified for the interconnection of building
and bushing connection, two locknuts shall be provided, one components. Such fittings and connectors shall be equal to
inside and one outside of the enclosure. Rigid nonmetallic the wiring method employed in insulation, temperature rise,
conduit, electrical nonmetallic tubing, or surface raceway and fault-current withstanding and shall be capable of endur-
shall be permitted. All cut ends of conduit and tubing shall ing the vibration and shock occurring in mobile home trans-
be reamed or otherwise finished to remove rough edges. portation.

FPN: See 550.19 for interconnection of multiple section(G) Switches Switches shall be rated as follows:
units.

(1) For lighting circuits, switches shall be rated not less
than 10 amperes, 120 to 125 volts, and in no case less 550.16 Grounding
than the connected load.

Grounding of both electrical and nonelectrical metal parts(2) Switches for motor or other loads shall comply with
in a mobile home shall be through connection to a groundingthe provisions of 404.14.
bus in the mobile home distribution panelboard. The ground-
ing bus shall be grounded through the green-colored insu-(H) Under-Chassis Wiring (Exposed toWeather) Where

outdoor or under-chassis line-voltage (120 volts, nominal, lated conductor in the supply cord or the feeder wiring to
the service ground in the service-entrance equipment locatedor higher) wiring is exposed to moisture or physical damage,
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550.16Article 550 — Mobile Homes, Manufactured Homes, and Mobile Home Parks

the factory-installed bonding jumper does not compromiseadjacent to the mobile home location. Neither the frame of
the mobile home nor the frame of any appliance shall be or void the listing of the product, because isolation of the

metal appliance frame from the grounded circuit conductorconnected to the grounded circuit conductor (neutral) in
the mobile home. Where the distribution panelboard is the is required by the Code. There is limited application in

existing branch circuits of conventional or ‘‘site-built’’ con-service equipment as permitted by 550.32(B), the neutral
conductors and the equipment grounding bus shall be con- struction where the factory-installed bonding jumper can

remain intact.nected.

(A) Grounded (Neutral) Conductor
(B) Equipment Grounding Means(1) Insulated The grounded circuit conductor (neutral)

shall be insulated from the grounding conductors and from (1) Supply Cord or Permanent Feeder The green-colored
equipment enclosures and other grounded parts. The insulated grounding wire in the supply cord or permanent
grounded (neutral) circuit terminals in the distribution pan- feeder wiring shall be connected to the grounding bus in the
elboard and in ranges, clothes dryers, counter-mounted cook- distribution panelboard or disconnecting means.
ing units, and wall-mounted ovens shall be insulated from

(2) Electrical System In the electrical system, all exposedthe equipment enclosure. Bonding screws, straps, or buses
metal parts, enclosures, frames, lamp fixture canopies, andin the distribution panelboard or in appliances shall be re-
so forth shall be effectively bonded to the grounding terminalmoved and discarded. Where the distribution panelboard is
or enclosure of the distribution panelboard.the service equipment as permitted by 550.32(B), the neutral

conductors and the equipment grounding bus shall be con-
(3) Cord-Connected Appliances Cord-connected appli-nected.
ances, such as washing machines, clothes dryers, and refrig-
erators, and the electrical system of gas ranges and so forth,(2) Connections of Ranges and Clothes Dryers Connec-
shall be grounded by means of a cord with grounding con-tions of ranges and clothes dryers with 120/240-volt, 3-wire
ductor and grounding-type attachment plug.ratings shall be made with 4-conductor cord and 3-pole, 4-

wire, grounding-type plugs or by Type AC cable, Type MC
(C) Bonding of Non–Current-Carrying Metal Partscable, or conductors enclosed in flexible metal conduit.
(1) Exposed Non–Current-Carrying Metal Parts All ex-
posed non–current-carrying metal parts that may becomeThe provisions of 550.33(A) require that the feeder assembly
energized shall be effectively bonded to the grounding termi-for a mobile home consist of a listed cord or four color-
nal or enclosure of the distribution panelboard. A bondingcoded insulated conductors, one of which is the grounded
conductor shall be connected between the distribution pan-conductor (white) and one of which is used for grounding
elboard and accessible terminal on the chassis.purposes (green). Thus, the grounded and grounding conduc-

tors are kept independent of each other and are connected
(2) Grounding Terminals Grounding terminals shall be ofonly at the service equipment (at the point of connection
the solderless type and listed as pressure-terminal connectorsof the grounding electrode conductor). Grounding of both
recognized for the wire size used. The bonding conductorelectrical and nonelectrical metal parts, including the frame
shall be solid or stranded, insulated or bare, and shall be 8of the mobile home or the frame of any appliance, is accom-
AWG copper minimum, or equivalent. The bonding conduc-plished by connection to the equipment grounding bus [never
tor shall be routed so as not to be exposed to physicalto the grounded conductor (neutral bus)]. The purpose of
damage.this requirement is to prevent incidental contact between the

grounded conductor and non–current-carrying metal parts (3) Metallic Piping and Ducts Metallic gas, water, and
of electrical equipment. Without the separation of the waste pipes and metallic air-circulating ducts shall be consid-
grounded and grounding conductors, this contact could result ered bonded if they are connected to the terminal on the
in the metal structure or metal sheathing of the mobile home chassis [see 550.16(C)(1)] by clamps, solderless connectors,
becoming a parallel path for neutral current. or by suitable grounding-type straps.

Bonding screws, straps, or buses, which bond the
grounded (neutral) circuit conductors to the non–current- (4) Metallic Roof and Exterior Coverings Any metallic
carrying metal parts in the mobile home panelboard or to roof and exterior covering shall be considered bonded if the
the metal frame of an appliance (ranges, clothes dryers), following conditions are met:
must not be installed or, in the case of ranges and clothes

(1) The metal panels overlap one another and are securelydryers, must be removed. In general, new ranges and clothes
attached to the wood or metal frame parts by metallicdryers have a factory-installed bonding jumper. Removal of
fasteners.
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550.17 Article 550 — Mobile Homes, Manufactured Homes, and Mobile Home Parks

(2) The lower panel of the metallic exterior covering is note in 550.2), for example, number of circuits � 1500 =
small appliance volt-amperes.secured by metallic fasteners at a cross member of the

chassis by two metal straps per mobile home unit or
(3) Laundry Area Circuit Volt-Amperes 1500 volt-section at opposite ends.
amperes.

(4) Total Volt-Amperes Lighting volt-amperes plus smallThe bonding strap material shall be a minimum of 100
appliance volt-amperes plus laundry area volt-amperesmm (4 in.) in width of material equivalent to the skin or a
equals total volt-amperes.material of equal or better electrical conductivity. The straps

shall be fastened with paint-penetrating fittings such as
(5) Net Volt-Amperes First 3000 total volt-amperes at 100

screws and starwashers or equivalent.
percent plus remainder at 35 percent equals volt-amperes to
be divided by 240 volts to obtain current (amperes) per leg.

550.17 Testing
(B) Total Load for Determining Power Supply Total load(A) Dielectric Strength Test The wiring of each mobile
for determining power supply is the sum of the following:home shall be subjected to a 1-minute, 900-volt, dielectric

strength test (with all switches closed) between live parts (1) Lighting and small appliance load as calculated in
(including neutral) and the mobile home ground. Alterna- 550.18(A)(5).
tively, the test shall be permitted to be performed at 1080 (2) Nameplate amperes for motors and heater loads (exhaust
volts for 1 second. This test shall be performed after branch fans, air conditioners, electric, gas, or oil heating). Omit
circuits are complete and after luminaires (fixtures) or appli- smaller of the heating and cooling loads, except include
ances are installed. blower motor if used as air-conditioner evaporator

motor. Where an air conditioner is not installed and a
Exception: Listed luminaires (fixtures) or appliances shall 40-ampere power-supply cord is provided, allow 15
not be required to withstand the dielectric strength test. amperes per leg for air conditioning.

(3) Twenty-five percent of current of largest motor in (2).(B) Continuity and Operational Tests and Polarity
(4) Total of nameplate amperes for waste disposer, dish-Checks Each mobile home shall be subjected to all of the

washer, water heater, clothes dryer, wall-mounted oven,following:
cooking units. Where the number of these appliances

(1) An electrical continuity test to ensure that all exposed exceeds three, use 75 percent of total.
electrically conductive parts are properly bonded (5) Derive amperes for freestanding range (as distinguished

(2) An electrical operational test to demonstrate that all from separate ovens and cooking units) by dividing the
equipment, except water heaters and electric furnaces, following values by 240 volts:
is connected and in working order

Nameplate Rating (watts) Use (volt-amperes)(3) Electrical polarity checks of permanently wired equip-
ment and receptacle outlets to determine that connec-

0 – 10,000 80 percent of rating
tions have been properly made Over 10,000 – 12,500 8,000

Over 12,500 – 13,500 8,400
Over 13,500 – 14,500 8,800550.18 Calculations
Over 14,500 – 15,500 9,200

The following method shall be employed in calculating the Over 15,500 – 16,500 9,600
supply-cord and distribution-panelboard load for each feeder Over 16,500 – 17,500 10,000
assembly for each mobile home in lieu of the procedure

(6) If outlets or circuits are provided for other than factory-shown in Article 220 and shall be based on a 3-wire, 120/
installed appliances, include the anticipated load.240-volt supply with 120-volt loads balanced between the

two legs of the 3-wire system. FPN: Refer to Annex D, Example D11, for an illustration
of the application of this calculation.

(A) Lighting, Small Appliance, and Laundry Load
(C) Optional Method of Calculation for Lighting and(1) Lighting Volt-Amperes Length times width of mobile
Appliance Load The optional method for calculating light-home floor (outside dimensions) times 33 volt-amperes/m2

ing and appliance load shown in 220.82 shall be permitted.(3 VA/ft2), for example, length � width � 3 = lighting
volt-amperes. 550.19 Interconnection of Multiple-Section

Mobile or Manufactured Home Units(2) Small Appliance Volt-Amperes Number of circuits
times 1500 volt-amperes for each 20-ampere appliance re- (A) Wiring Methods Approved and listed fixed-type wir-

ing methods shall be used to join portions of a circuit thatceptacle circuit (see definition of Appliance, Portable, with
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550.31Article 550 — Mobile Homes, Manufactured Homes, and Mobile Home Parks

must be electrically joined and are located in adjacent sec- phase, 15- and 20-ampere outlets installed in bedrooms of
mobile homes and manufactured homes shall be protectedtions after the home is installed on its support foundation.

The circuit’s junction shall be accessible for disassembly by arc-fault circuit interrupter(s).
when the home is prepared for relocation.

The requirement for arc-fault circuit-interrupter protectionFPN: See 550.15(K) for component interconnections.
in mobile and manufactured homes is similar to that found
in 210.12 for site-built dwelling units. Arc-fault circuit-(B) DisconnectingMeans Expandable or multi-unit manu-

factured homes not having permanently installed feeders interrupter protection must be provided for the branch cir-
cuits supplying 125-volt, 15- and 20-ampere outlets in bed-that are to be moved from one location to another shall be

permitted to have disconnecting means with branch-circuit rooms. The branch circuits covered by this requirement are
all those that fall within the voltage and current ratingsprotective equipment in each unit when so located that after

assembly or joining together of units, the requirements of specified and supply bedroom lighting outlets, receptacle
outlets, and other power outlets to which devices or utiliza-550.10 will be met.
tion equipment are connected. It should be noted that this
requirement does not supersede the current HUD 3280 re-550.20 Outdoor Outlets, Luminaires (Fixtures),
quirements for factory-installed wiring in manufacturedAir-Cooling Equipment, and So Forth
homes.(A) Listed for Outdoor Use Outdoor luminaires (fixtures)

and equipment shall be listed for outdoor use. Outdoor recep-
III. Services and Feederstacle or convenience outlets shall be of a gasketed-cover

type for use in wet locations. Where located on the underside 550.30 Distribution System
of the home or located under roof extensions or similarly

The mobile home park secondary electrical distribution sys-protected locations, outdoor luminaires (fixtures) and equip-
tem to mobile home lots shall be single-phase, 120/240 volts,ment shall be listed for use in damp locations.
nominal. For the purpose of Part III, where the park service
exceeds 240 volts, nominal, transformers and secondary dis-(B) Outside Heating Equipment, Air-Conditioning
tribution panelboards shall be treated as services.Equipment, or Both A mobile home provided with a

branch circuit designed to energize outside heating equip-
ment, air-conditioning equipment, or both, located outside Mobile homes are intended for connection to a wiring system
the mobile home, other than room air conditioners, shall nominally rated 120/240 volts, 3-wire ac, with a grounded
have such branch-circuit conductors terminate in a listed neutral; therefore, distribution systems at mobile home parks
outlet box, or disconnecting means, located on the outside must supply 120/240 volts to the mobile home lot. Because
of the mobile home. A label shall be permanently affixed appliances and other equipment are usually installed during
adjacent to the outlet box and shall contain the following the manufacturing process of mobile homes and are rated
information: 120/240 volts, a 120/208-volt supply derived from a 4-wire,

120/208-volt wye system is unsuitable.THIS CONNECTION IS FOR HEATING
AND/OR AIR-CONDITIONING EQUIPMENT.
THE BRANCH CIRCUIT IS RATED AT NOT 550.31 Allowable Demand Factors

MORE THAN AMPERES, AT VOLTS, 60
Park electrical wiring systems shall be calculated (at 120/HERTZ, CONDUCTOR AMPACITY.

A DISCONNECTING MEANS SHALL BE LOCATED 240 volts) on the larger of the following:
WITHIN SIGHT OF THE EQUIPMENT.

(1) 16,000 volt-amperes for each mobile home lot
(2) The load calculated in accordance with 550.18 for the

The correct voltage and ampere rating shall be given.
largest typical mobile home that each lot will accept

The tag shall be not less than 0.51 mm (0.020 in.) thick
etched brass, stainless steel, anodized or alclad aluminum, It shall be permissible to calculate the feeder or service
or equivalent. The tag shall not be less than 75 mm by 45 load in accordance with Table 550.31. No demand factor
mm (3 in. by 13⁄4 in.) minimum size. shall be allowed for any other load, except as provided in

this Code.
Service and feeder conductors to a mobile home in550.25 Arc-Fault Circuit-Interrupter Protection

compliance with 310.15(B)(6) shall be permitted.(A) Definition Arc-fault circuit interrupters are defined in
Article 210.12(A).

In accordance with 550.31, park electrical wiring systems
(B) Bedrooms of Mobile Homes and Manufactured must be calculated on the basis of the larger of (1) not less
Homes All branch circuits that supply 125-volt, single-
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550.32 Article 550 — Mobile Homes, Manufactured Homes, and Mobile Home Parks

to the mobile home. Feeders are installed from this serviceTable 550.31 Demand Factors for Services and Feeders
equipment to the properly located mobile home site discon-

Number of Demand Factor necting means.
Mobile Homes (percent)

1 100
(B) Manufactured Home Service Equipment The manu-2 55
factured home service equipment shall be permitted to be3 44

4 39 installed in or on a manufactured home, provided that all of
5 33 the following conditions are met:
6 29

(1) The manufacturer shall include in its written installation7–9 28
10–12 27 instructions information indicating that the home shall
13–15 26 be secured in place by an anchoring system or installed
16–21 25 on and secured to a permanent foundation.
22–40 24

(2) The installation of the service equipment shall comply41–60 23
with Article 230.61 and over 22

(3) Means shall be provided for the connection of a ground-
ing electrode conductor to the service equipment and
routing it outside the structure.than 16,000 volt-amperes (at 120/240 volts) for each mobile

(4) Bonding and grounding of the service shall be in accor-home lot or (2) the calculated load of the largest typical
dance with Article 250.mobile home the lot will accommodate. However, the am-

(5) The manufacturer shall include in its written installationpacity of the feeder-circuit conductors to each mobile home
instructions one method of grounding the service equip-lot cannot be less than 100 amperes (at 120/240 volts), per
ment at the installation site. The instructions shall550.33(B).
clearly state that other methods of grounding are found
in Article 250.

(6) The minimum size grounding electrode conductor shall550.32 Service Equipment
be specified in the instructions.(A) Mobile Home Service Equipment The mobile home

(7) A red warning label shall be mounted on or adjacentservice equipment shall be located adjacent to the mobile
to the service equipment. The label shall state the fol-home and not mounted in or on the mobile home. The service
lowing:equipment shall be located in sight from and not more than

9.0 m (30 ft) from the exterior wall of the mobile home it WARNING
serves. The service equipment shall be permitted to be lo- DO NOT PROVIDE ELECTRICAL POWER
cated elsewhere on the premises, provided that a discon- UNTIL THE GROUNDING ELECTRODE(S)

IS INSTALLED AND CONNECTEDnecting means suitable for use as service equipment is
(SEE INSTALLATION INSTRUCTIONS).located within sight from and not more than 9.0 m (30 ft)

from the exterior wall of the mobile home it serves and is
Where the service equipment is not installed in or on therated not less than that required for service equipment per

550.32(C). Grounding at the disconnecting means shall be unit, the installation shall comply with the other provisions of
this section.in accordance with 250.32.

Mobile home service equipment must be located in sight of The provisions of 550.32(B) specify the conditions required
in order to install the service equipment in or on a manufac-the mobile home, but the equipment can be up to 30 ft from

any point on the exterior wall of the mobile home. This tured home. The concern over the unit being moved off
site (intentionally or unintentionally) without the ability torequirement recognizes the use of feeder raceways that are

external to the mobile home. Service equipment may be disconnect the electrical supply is addressed in condi-
tion (1). A manufactured home with a service in or on thelocated more than 30 ft from the mobile home if an additional

disconnecting means is located within 30 ft of the mobile unit must be anchored in place or secured to a permanent
foundation.home and grounding and bonding of this additional discon-

necting means are performed in accordance with the provis- The other conditions specified by 550.32(B) cover the
need to provide proper grounding and bonding conductors,ions of 250.32. In a mobile home park, this arrangement

facilitates locating service equipment at one or more central- systems, and connections and to install the service equipment
in accordance with the applicable requirements in Articleized locations that are not within the required 30-ft proximity
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550.33Article 551 — Recreational Vehicles and Recreational Vehicle Parks

230. The provisions of 550.32(B) apply only to manufac- four insulated, color-coded conductors that shall be identi-
fied by the factory or field marking of the conductors intured homes as defined in 550.2.
compliance with 310.12. Equipment grounding conductors
shall not be identified by stripping the insulation.

(C) Rating Mobile home service equipment shall be rated
Exception: Where a feeder is installed between serviceat not less than 100 amperes at 120/240 volts, and provisions
equipment and a disconnecting means as covered inshall be made for connecting a mobile home feeder assembly
550.32(A), it shall be permitted to omit the equipmentby a permanent wiring method. Power outlets used as mobile
grounding conductor where the grounded circuit conductorhome service equipment shall also be permitted to contain
is grounded at the disconnecting means as required inreceptacles rated up to 50 amperes with appropriate overcur-
250.32(B).rent protection. Fifty-ampere receptacles shall conform to

the configuration shown in Figure 550.10(C). (B) Feeder Capacity Mobile home and manufactured
home lot feeder circuit conductors shall have a capacity notFPN: Complete details of the 50-ampere plug and recep-

tacle configuration can be found in ANSI/NEMA WD less than the loads supplied and shall be rated at not less
6-1989, National Electrical Manufacturers Association than 100 amperes at 120/240 volts.
Standard for Wiring Devices — Dimensional Require-
ments, Figure 14-50.

ARTICLE 551(D) Additional Outside Electrical Equipment Means for
connecting a mobile home accessory building or structure Recreational Vehicles and
or additional electrical equipment located outside a mobile

Recreational Vehicle Parkshome by a fixed wiring method shall be provided in either
the mobile home service equipment or the local external
disconnecting means permitted in 550.32(A). Summary of Changes

• 551.1: Revised to reflect deletion of Part II covering the(E) Additional Receptacles Additional receptacles shall
low-voltage electrical systems of recreational vehicles.be permitted for connection of electrical equipment located

outside the mobile home, and all such 125-volt, single-phase, • Part II, Low-Voltage Systems: Deleted Part II, compris-
15- and 20-ampere receptacles shall be protected by a listed ing 551.10(A) through (H) and covering the low voltage
ground-fault circuit interrupter. wiring system of recreational vehicles.

• 551.32: Revised to include engine generators.(F) MountingHeight Outdoor mobile home disconnecting
• 551.46(E): Added Exception No. 3 covering electricalmeans shall be installed so the bottom of the enclosure

point of entrance for RVs designed for transporting live-containing the disconnecting means is not less than 600
stock.mm (2 ft) above finished grade or working platform. The

disconnecting means shall be installed so that the center of • 551.47(N): Added Type MI cable as wiring method for
the grip of the operating handle, when in the highest position, outdoor and under-chassis locations.
is not more than 2.0 m (6 ft 7 in.) above the finished grade • 551.47(P)(2): Added requirement covering direct wiring
or working platform. connection of expandable units to the main body of the

vehicle.(G) Marking Where a 125/250-volt receptacle is used in
• 551.51(B): Added requirement prohibiting switchesmobile home service equipment, the service equipment shall

within tub or shower space unless part of a listed tub orbe marked as follows:
shower assembly.

TURN DISCONNECTING SWITCH OR
• 551.71:Revised to increase from a 5% to a 20% minimumCIRCUIT BREAKER OFF BEFORE INSERTING

for the number of sites equipped with 50-ampere recepta-OR REMOVING PLUG. PLUG MUST BE FULLY
INSERTED OR REMOVED. cles. New FPN warns that more than 20 percent may be

needed.
The marking shall be located on the service equipment • 551.73(A): Added second paragraph pertaining to sites

adjacent to the receptacle outlet. supplying two RVs.

• 551.76(D): Revised to reference Article 250 for require-550.33 Feeder
ments connecting the neutral conductor to a grounding

(A) Feeder Conductors Feeder conductors shall consist of electrode system at separately derived systems and at sepa-
either a listed cord, factory installed in accordance with rate buildings and structures.
550.10(B), or a permanently installed feeder consisting of

National Electrical Code Handbook 2005 853

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



550.33 Article 551 — Recreational Vehicles and Recreational Vehicle Parks

(C) Fifteen-Ampere Receptacle ConsideredContents
Protected by 20 Amperes

I. General 551.44 Power-Supply Assembly
551.1 Scope (A) Fifteen-Ampere Main Power-Supply Assembly
551.2 Definitions (B) Twenty-Ampere Main Power-Supply Assembly
551.4 General Requirements (C) Thirty-Ampere Main Power-Supply Assembly

(A) Not Covered (D) Fifty-Ampere Power-Supply Assembly
(B) Systems 551.45 Distribution Panelboard

II. Combination Electrical Systems (A) Listed and Appropriately Rated
551.20 Combination Electrical Systems (B) Location

(A) General (C) Dead-Front Type
(B) Voltage Converters (120-Volt Alternating 551.46 Means for Connecting to Power Supply

Current to Low-Voltage Direct Current) (A) Assembly
(C) Bonding Voltage Converter Enclosures (B) Cord
(D) Dual-Voltage Fixtures, Including Luminaires or (C) Attachment Plugs

Appliances (D) Labeling at Electrical Entrance
(E) Autotransformers (E) Location
(F) Receptacles and Plug Caps 551.47 Wiring Methods

III. Other Power Sources (A) Wiring Systems
551.30 Generator Installations (B) Conduit and Tubing

(A) Mounting
(C) Nonmetallic Boxes

(B) Generator Protection
(D) Boxes

(C) Installation of Storage Batteries and Generators
(E) Mounting

(D) Ventilation of Generator Compartments
(F) Raceway and Cable Continuity

(E) Supply Conductors
(G) Protected551.31 Multiple Supply Source
(H) Bends(A) Multiple Supply Sources
(I) Cable Supports(B) Multiple Supply Sources Capacity
(J) Nonmetallic Box Without Cable Clamps(C) Alternate Power Sources Exceeding 30

(K) Physical DamageAmperes
(L) Metal Faceplates(D) Power-Supply Assembly Not Less Than 30

(M) Metal Faceplates Effectively GroundedAmperes
(N) Moisture or Physical Damage551.32 Other Sources
(O) Component Interconnections551.33 Alternate Source Restriction
(P) Method of Connecting Expandable UnitsIV. Nominal 120-Volt or 120/240-Volt Systems
(Q) Prewiring for Air-Conditioning Installation551.40 120-Volt or 120/240-Volt, Nominal, Systems
(R) Prewiring for Generator Installation(A) General Requirements

551.48 Conductors and Boxes(B) Materials and Equipment
551.49 Grounded Conductors(C) Ground-Fault Circuit-Interrupter Protection
551.50 Connection of Terminals and Splices551.41 Receptacle Outlets Required
551.51 Switches(A) Spacing

(A) Rating(B) Location
(B) Location(C) Ground-Fault Circuit-Interrupter Protection

551.52 Receptacles(D) Face-Up Position
551.53 Luminaires (Lighting Fixtures)551.42 Branch Circuits Required

(A) General(A) One 15-Ampere Circuit
(B) Shower Luminaires (Fixtures)(B) One 20-Ampere Circuit
(C) Outdoor Outlets, Luminaires (Fixtures), Air-(C) Two to Five 15- or 20-Ampere Circuits

Cooling Equipment, and So On(D) More Than Five Circuits Without a Listed
551.54 GroundingEnergy Management System

(A) Power-Supply Grounding551.43 Branch-Circuit Protection
(B) Distribution Panelboard(A) Rating

(B) Protection for Smaller Conductors (C) Insulated Neutral
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551.2Article 551 — Recreational Vehicles and Recreational Vehicle Parks

I. General
551.55 Interior Equipment Grounding

551.1 Scope(A) Exposed Metal Parts
(B) Equipment Grounding and Bonding Conductors The provisions of this article cover the electrical conductors
(C) Grounding of Electrical Equipment and equipment other than low-voltage and automotive vehi-
(D) Grounding Connection in Nonmetallic Box cle circuits or extensions thereof, installed within or on
(E) Grounding Continuity recreational vehicles, the conductors that connect recre-
(F) Cord-Connected Appliances ational vehicles to a supply of electricity, and the installation

551.56 Bonding of Non–Current-Carrying Metal Parts of equipment and devices related to electrical installations
(A) Required Bonding within a recreational vehicle park.
(B) Bonding Chassis
(C) Bonding Conductor Requirements The scope of Article 551 was revised in the 2005 Code
(D) Metallic Roof and Exterior Bonding to eliminate the requirements covering 12-volt low-voltage
(E) Gas, Water, and Waste Pipe Bonding electrical systems. Laws in many states require a factory
(F) Furnace and Metal Air Duct Bonding inspection by either a governmental or a private inspection

551.57 Appliance Accessibility and Fastening agency. NFPA 1192-2002, Standard on Recreational Vehi-
V. Factory Tests cles, is widely accepted by the recreational vehicle (RV)

551.60 Factory Tests (Electrical) industry and those authorities having jurisdiction responsible
VI. Recreational Vehicle Parks for ensuring that RVs are built to a recognized safety stan-

551.71 Type Receptacles Provided dard. Section 4.4 of NFPA 1192 requires compliance with
551.72 Distribution System Parts I, III, IV, V, and VI of Article 551 and requires compli-
551.73 Calculated Load ance with ANSI/RVIA 12V, Low Voltage Systems in Conver-

(A) Basis of Calculations sion and Recreational Vehicles, for the RV electrical systems
(B) Transformers and Secondary Distribution rated 24 volts, nominal, or less.

Panelboards
(C) Demand Factors

FPN: For information on low-voltage systems, see NFPA(D) Feeder-Circuit Capacity
1192-2002, Standard for Recreational Vehicles, and551.74 Overcurrent Protection
ANSI/RVIA 12V, Low Voltage Systems in Conversion551.75 Grounding
and Recreational Vehicles, 2002 edition.

551.76 Grounding — Recreational Vehicle Site Supply
Equipment 551.2 Definitions

(A) Exposed Non–Current-Carrying Metal Parts
(See Article 100 for additional definitions.)(B) Secondary Distribution System

(C) Neutral Conductor Not to Be Used as an Air-Conditioning or Comfort-Cooling Equipment. All of
Equipment Ground that equipment intended or installed for the purpose of pro-

(D) No Connection on the Load Side cessing the treatment of air so as to control simultaneously
551.77 Recreational Vehicle Site Supply Equipment its temperature, humidity, cleanliness, and distribution to

(A) Location meet the requirements of the conditioned space.
(B) Disconnecting Means

Appliance, Fixed. An appliance that is fastened or other-(C) Access
wise secured at a specific location.(D) Mounting Height

(E) Working Space Appliance, Portable. An appliance that is actually moved
(F) Marking or can easily be moved from one place to another in normal

551.78 Protection of Outdoor Equipment use.
(A) Wet Locations

FPN: For the purpose of this article, the following major
(B) Meters appliances, other than built-in, are considered portable

551.79 Clearance for Overhead Conductors if cord connected: refrigerators, range equipment, clothes
washers, dishwashers without booster heaters, or other551.80 Underground Service, Feeder, Branch-Circuit,
similar appliances.and Recreational Vehicle Site Feeder-Circuit

Conductors Appliance, Stationary. An appliance that is not easily
(A) General moved from one place to another in normal use.
(B) Protection Against Physical Damage

Camping Trailer. A vehicular portable unit mounted on551.81 Receptacles
wheels and constructed with collapsible partial side walls
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551.4 Article 551 — Recreational Vehicles and Recreational Vehicle Parks

that fold for towing by another vehicle and unfold at the general public as temporary living quarters for recreation or
vacation purposes.campsite to provide temporary living quarters for recre-

ational, camping, or travel use. (See Recreational Vehicle.)
Recreational Vehicle Site. A plot of ground within a recre-

Converter. A device that changes electrical energy from ational vehicle park set aside for the accommodation of a
one form to another, as from alternating current to direct recreational vehicle on a temporary basis. It can be used as
current. either a recreational vehicle site or as a camping unit site.

Dead Front (as applied to switches, circuit breakers, Recreational Vehicle Site Feeder Circuit Conductors.
switchboards, and distribution panelboards). Designed, The conductors from the park service equipment to the recre-
constructed, and installed so that no current-carrying parts ational vehicle site supply equipment.
are normally exposed on the front.

Recreational Vehicle Site Supply Equipment. The neces-
Disconnecting Means. The necessary equipment usually sary equipment, usually a power outlet, consisting of a circuit
consisting of a circuit breaker or switch and fuses, and their breaker or switch and fuse and their accessories, located near
accessories, located near the point of entrance of supply the point of entrance of supply conductors to a recreational
conductors in a recreational vehicle and intended to consti- vehicle site and intended to constitute the disconnecting
tute the means of cutoff for the supply to that recreational means for the supply to that site.
vehicle.

Recreational Vehicle Stand. That area of a recreational
Distribution Panelboard. A single panel or group of panel vehicle site intended for the placement of a recreational
units designed for assembly in the form of a single panel, vehicle.
including buses, and with or without switches and/or auto-

Transformer. A device that, when used, raises or lowersmatic overcurrent-protective devices for the control of light,
the voltage of alternating current of the original source.heat, or power circuits of small individual as well as aggre-

gate capacity; designed to be placed in a cabinet or cutout Travel Trailer. A vehicular unit, mounted on wheels, de-
box placed in or against a wall or partition and accessible signed to provide temporary living quarters for recreational,
only from the front. camping, or travel use, of such size or weight as not to

require special highway movement permits when towed byFrame. Chassis rail and any welded addition thereto of
a motorized vehicle, and of gross trailer area less than 30metal thickness of 1.35 mm (0.053 in.) or greater.
m2 (320 ft2). (See Recreational Vehicle.)

Low Voltage. An electromotive force rated 24 volts, nomi-
Truck Camper. A portable unit constructed to provide tem-nal, or less, supplied from a transformer, converter, or bat-
porary living quarters for recreational, travel, or campingtery.
use, consisting of a roof, floor, and sides, designed to be

Motor Home. A vehicular unit designed to provide tempo- loaded onto and unloaded from the bed of a pick-up truck.
rary living quarters for recreational, camping, or travel use (See Recreational Vehicle.)
built on or permanently attached to a self-propelled motor
vehicle chassis or on a chassis cab or van that is an integral 551.4 General Requirements
part of the completed vehicle. (See Recreational Vehicle.)

(A) Not Covered A recreational vehicle not used for the
Power-Supply Assembly. The conductors, including un- purposes as defined in 551.2 shall not be required to meet
grounded, grounded, and equipment grounding conductors, the provisions of Part I pertaining to the number or capacity
the connectors, attachment plug caps, and all other fittings, of circuits required. It shall, however, meet all other applica-
grommets, or devices installed for the purpose of delivering ble requirements of this article if the recreational vehicle
energy from the source of electrical supply to the distribution is provided with an electrical installation intended to be
panel within the recreational vehicle. energized from a 120- or 120/240-volt, nominal, ac power-

supply system.Recreational Vehicle. A vehicular-type unit primarily de-
signed as temporary living quarters for recreational, camp-

(B) Systems This article covers combination electrical sys-
ing, or travel use, which either has its own motive power

tems, generator installations, and 120- or 120/240-volt, nom-
or is mounted on or drawn by another vehicle. The basic

inal, systems.
entities are travel trailer, camping trailer, truck camper, and
motor home.

The wiring requirements for the 12-volt low-voltage system
Recreational Vehicle Park. A plot of land upon which two that were located in 551.10(A) and other sections of the
or more recreational vehicle sites are located, established, 2002 Code have been deleted in the 2005 Code.
or maintained for occupancy by recreational vehicles of the
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551.30Article 551 — Recreational Vehicles and Recreational Vehicle Parks

the ac grounding conductor of the converter. Metal enclo-FPN: For information on low-voltage systems, refer to
NFPA 1192-2002, Standard on Recreational Vehicles, sures of listed converters are provided with an external pres-
and ANSI/RVIA 12V-2002, Standard for Low-Voltage sure terminal connector for this purpose.
Systems in Conversion and Recreational Vehicles.

(D) Dual-Voltage Fixtures, Including Luminaires orII. Combination Electrical Systems
Appliances Fixtures, including luminaires, or appliances

551.20 Combination Electrical Systems having both 120-volt and low-voltage connections shall be
(A) General Vehicle wiring suitable for connection to a listed for dual voltage.
battery or dc supply source shall be permitted to be connected
to a 120-volt source, provided the entire wiring system and In the dual-voltage fixtures described in 551.20(D), barriers
equipment are rated and installed in full conformity with are used to separate the 120-volt and the 12-volt wiring
Parts I, II, III, IV, and V requirements of this article covering connections.
120-volt electrical systems. Circuits fed from ac transformers
shall not supply dc appliances.

(E) Autotransformers Autotransformers shall not be used.
(B) Voltage Converters (120-Volt Alternating Current to

(F) Receptacles and Plug Caps Where a recreational vehi-Low-Voltage Direct Current) The 120-volt ac side of the
cle is equipped with a 120-volt or 120/240-volt ac system,voltage converter shall be wired in full conformity with Parts
a low-voltage system, or both, receptacles and plug caps ofI, II, III, IV, and V requirements of this article for 120-volt
the low-voltage system shall differ in configuration fromelectrical systems.
those of the 120- or 120/240-volt system. Where a vehicle

Exception: Converters supplied as an integral part of a equipped with a battery or other low-voltage system has an
listed appliance shall not be subject to 551.20(B). external connection for low-voltage power, the connector

shall have a configuration that will not accept 120-volt
All converters and transformers shall be listed for use power.

in recreation vehicles and designed or equipped to provide
over-temperature protection. To determine the converter rat- III. Other Power Sources
ing, the following formula shall be applied to the total con-

551.30 Generator Installationsnected load, including average battery charging rate, of all
12-volt equipment: (A) Mounting Generators shall be mounted in such a man-

ner as to be effectively bonded to the recreational vehicle
The first 20 amperes of load at 100 percent, plus chassis.
The second 20 amperes of load at 50 percent, plus

(B) Generator Protection Equipment shall be installed to
All load above 40 amperes at 25 percent ensure that the current-carrying conductors from the engine

generator and from an outside source are not connected toException: A low-voltage appliance that is controlled by a
a vehicle circuit at the same time.momentary switch (normally open) that has no means for

Receptacles used as disconnecting means shall be acces-holding in the closed position or refrigerators with a 120-
sible (as applied to wiring methods) and capable of inter-volt function shall not be considered as a connected load
rupting their rated current without hazard to the operator.when determining the required converter rating. Momen-

tarily energized appliances shall be limited to those used to (C) Installation of Storage Batteries and Generators
prepare the vehicle for occupancy or travel. Storage batteries and internal-combustion-driven generator

units (subject to the provisions of this Code) shall be secured
(C) Bonding Voltage Converter Enclosures The non– in place to avoid displacement from vibration and road
current-carrying metal enclosure of the voltage converter shock.
shall be bonded to the frame of the vehicle with a minimum

(D) Ventilation of Generator Compartments Compart-8 AWG copper conductor. The voltage converter shall be
ments accommodating internal-combustion-driven generatorprovided with a separate chassis bonding conductor that
units shall be provided with ventilation in accordance withshall not be used as a current-carrying conductor.
instructions provided by the manufacturer of the generator
unit.The intent of 551.20(C) is to reduce the possibility of damage

to the power supply cord by large dc fault currents that may FPN: For generator compartment construction require-
ments, see NFPA 1192-2002, Standard on Recreationalfind their way back to the vehicle frame or battery through
Vehicles.
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551.31 Article 551 — Recreational Vehicles and Recreational Vehicle Parks

(E) Supply Conductors The supply conductors from the be less than the calculated load but not less than 30 amperes
and shall have overcurrent protection not greater than theengine generator to the first termination on the vehicle shall

be of the stranded type and be installed in listed flexible capacity of the external power-supply assembly.
conduit or listed liquidtight flexible conduit. The point of
first termination shall be in one of the following: 551.32 Other Sources

Other sources of ac power, such as inverters, motor genera-(1) Panelboard
tors, or engine generators, shall be listed for use in recre-(2) Junction box with a blank cover
ational vehicles and shall be installed in accordance with(3) Junction box with a receptacle
the terms of the listing. Other sources of ac power shall be(4) Enclosed transfer switch
wired in full conformity with the requirements in Parts I,(5) Receptacle assembly listed in conjunction with the gen-
II, III, IV, and V of this article covering 120-volt electricalerator
systems.

The panelboard or junction box with a receptacle shall
551.33 Alternate Source Restrictionbe installed within the vehicle’s interior and within 450

mm (18 in.) of the compartment wall but not inside the Transfer equipment, if not integral with the listed power
compartment. If the generator is below the floor level and source, shall be installed to ensure that the current-carrying
not in a compartment, the panelboard or junction box with conductors from other sources of ac power and from an
receptacle shall be installed within the vehicle interior within outside source are not connected to the vehicle circuit at the
450 mm (18 in.) of the point of entry into the vehicle. A same time.
junction box with a blank cover shall be mounted on the
compartment wall and shall be permitted inside or outside IV. Nominal 120-Volt or 120/240-Volt
the compartment. A receptacle assembly listed in conjunc-

Systemstion with the generator shall be mounted in accordance with
its listing. If the generator is below floor level and not in a 551.40 120-Volt or 120/240-Volt,
compartment, the junction box with blank cover shall be Nominal, Systems
mounted either to any part of the generator supporting struc- (A) General Requirements The electrical equipment and
ture (but not to the generator) or to the vehicle floor within material of recreational vehicles indicated for connection to
450 mm (18 in.) of any point directly above the generator on a wiring system rated 120 volts, nominal, 2-wire with
either the inside or outside of the floor surface. Overcurrent ground, or a wiring system rated 120/240 volts, nominal, 3-
protection in accordance with 240.4 shall be provided for wire with ground, shall be listed and installed in accordance
supply conductors as an integral part of a listed generator with the requirements of Parts I, II, III, IV, and V of this
or shall be located within 450 mm (18 in.) of their point of article. Electrical equipment connected line-to-line shall
entry into the vehicle. have a voltage rating of 208–230 volts.

551.31 Multiple Supply Source
Section 551.40(A) was revised in the 2005 Code to require

(A) Multiple Supply Sources Where a multiple supply electrical equipment to be rated 208–230 volts when it is to
system consisting of an alternate power source and a power- be connected line to line. This rating allows for compatibility
supply cord is installed, the feeder from the alternate power with recreational vehicle parks that have 208Y/120-volt,
source shall be protected by an overcurrent-protective de- 3-phase, 4-wire electrical distribution systems.
vice. Installation shall be in accordance with 551.30(A),
551.30(B), and 551.40.

(B) Materials and Equipment Electrical materials, de-(B) Multiple Supply Sources Capacity The multiple sup-
vices, appliances, fittings, and other equipment installed in,ply sources shall not be required to be of the same capacity.
intended for use in, or attached to the recreational vehicle
shall be listed. All products shall be used only in the manner(C) Alternate Power Sources Exceeding 30 Amperes If
in which they have been tested and found suitable for thean alternate power source exceeds 30 amperes, 120 volts,
intended use.nominal, it shall be permissible to wire it as a 120-volt,

nominal, system or a 120/240-volt, nominal, system, pro-
(C) Ground-Fault Circuit-Interrupter Protection Thevided an overcurrent-protective device of the proper rating
internal wiring of a recreational vehicle having only one 15-is installed in the feeder.
or 20-ampere branch circuit as permitted in 551.42(A) and
551.42(B) shall have ground-fault circuit-interrupter protec-(D) Power-Supply Assembly Not Less Than 30 Amperes

The external power-supply assembly shall be permitted to tion for personnel. The ground-fault circuit interrupter shall
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551.42Article 551 — Recreational Vehicles and Recreational Vehicle Parks

be installed at the point where the power supply assembly (4) On the exterior of the vehicle
terminates within the recreational vehicle. Where a separable

Exception: Receptacles that are located inside of an accesscord set is not employed, the ground-fault circuit interrupter
panel that is installed on the exterior of the vehicle to supplyshall be permitted to be an integral part of the attachment
power for an installed appliance shall not be required toplug of the power supply assembly. The ground-fault circuit
have ground-fault circuit-interrupter protection.interrupter shall provide protection also under the conditions

of an open grounded circuit conductor, interchanged circuit
The receptacle outlet shall be permitted in a listed lumi-conductors, or both.

naire (lighting fixture). A receptacle outlet shall not be in-
stalled in a tub or combination tub–shower compartment.551.41 Receptacle Outlets Required

(A) Spacing Receptacle outlets shall be installed at wall
In accordance with 551.41(C)(4), a bathroom receptacle isspaces 600 mm (2 ft) wide or more so that no point along
permitted to be mounted in the side of a lavatory cabinetthe floor line is more than 1.8 m (6 ft), measured horizontally,
where installation of a receptacle outlet is not possible in afrom an outlet in that space.
wall that does not provide the necessary depth. The recepta-

Exception No. 1: Bath and hall areas. cle must be GFCI protected in accordance with 551.41(C)(1).
Receptacles of any type are not permitted in a tub or tub-Exception No. 2: Wall spaces occupied by kitchen cabinets,
shower compartment.wardrobe cabinets, built-in furniture, behind doors that may

open fully against a wall surface, or similar facilities.

(D) Face-Up Position A receptacle shall not be installed(B) Location Receptacle outlets shall be installed as fol-
in a face-up position in any countertop or similar horizontallows:
surfaces within the living area.

(1) Adjacent to countertops in the kitchen [at least one on
each side of the sink if countertops are on each side

551.42 Branch Circuits Requiredand are 300 mm (12 in.) or over in width]
Each recreational vehicle containing a 120-volt electrical(2) Adjacent to the refrigerator and gas range space, except
system shall contain one of the following.where a gas-fired refrigerator or cooking appliance, re-

quiring no external electrical connection, is factory in-
(A) One 15-Ampere Circuit One 15-ampere circuit to sup-

stalled
ply lights, receptacle outlets, and fixed appliances. Such

(3) Adjacent to countertop spaces of 300 mm (12 in.) or
recreational vehicles shall be equipped with one 15-ampere

more in width that cannot be reached from a receptacle
switch and fuse or one 15-ampere circuit breaker.

required in 551.41(B)(1) by a cord of 1.8 m (6 ft) without
crossing a traffic area, cooking appliance, or sink (B) One 20-Ampere Circuit One 20-ampere circuit to sup-

ply lights, receptacle outlets, and fixed appliances. Such(C) Ground-Fault Circuit-Interrupter Protection
recreational vehicles shall be equipped with one 20-ampereWhere provided, each 125-volt, single-phase, 15- or 20-
switch and fuse or one 20-ampere circuit breaker.ampere receptacle outlet shall have ground-fault circuit-in-

terrupter protection for personnel in the following locations: (C) Two to Five 15- or 20-Ampere Circuits A maximum
of five 15- or 20-ampere circuits to supply lights, receptacle(1) Adjacent to a bathroom lavatory
outlets, and fixed appliances shall be permitted. Such recre-(2) Where the receptacles are installed to serve the count-
ational vehicles shall be equipped with a distribution pan-ertop surfaces and are within 1.8 m (6 ft) of any lavatory
elboard rated at 120 volts maximum with a 30-ampere ratedor sink
main power supply assembly. Not more than two 120-volt

Exception No. 1: Receptacles installed for appliances in thermostatically controlled appliances (i.e., air conditioner
dedicated spaces, such as for dishwashers, disposals, refrig- and water heater) shall be installed in such systems unless
erators, freezers, and laundry equipment. appliance isolation switching, energy management systems,

or similar methods are used.Exception No. 2: Single receptacles for interior connections
of expandable room sections.

Exception: Additional 15- or 20-ampere circuits shall be
Exception No. 3: De-energized receptacles that are within permitted where a listed energy management system rated
1.8 m (6 ft) of any sink or lavatory due to the retraction of at 30-ampere maximum is employed within the system.
the expandable room section.

FPN: See 210.23(A) for permissible loads. See
(3) In the area occupied by a toilet, shower, tub, or any 551.45(C) for main disconnect and overcurrent protection

requirements.combination thereof
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551.43 Article 551 — Recreational Vehicles and Recreational Vehicle Parks

(D) More Than Five Circuits Without a Listed Energy listed 50-ampere, 120/240-volt main power-supply assem-
bly.Management System A 50-ampere, 120/240-volt power-

supply assembly shall be used where six or more circuits
are employed. The load distribution shall ensure a reasonable 551.45 Distribution Panelboard
current balance between phases. (A) Listed and Appropriately Rated A listed and appro-

priately rated distribution panelboard or other equipment
Experience and field data indicate that supply calculations specifically listed for this purpose shall be used. The
are not necessary; in some cases, such calculations have grounded conductor termination bar shall be insulated from
resulted in oversized power supplies. In recreational vehicles the enclosure as provided in 551.54(C). An equipment
with six or more circuits, the power supply assembly shall grounding terminal bar shall be attached inside the metal
have a minimum rating of 50 amperes. Reasonable balancing enclosure of the panelboard.
of the electrical load between phases is required.

(B) Location The distribution panelboard shall be installed
in a readily accessible location. Working clearance for the
panelboard shall be not less than 600 mm (24 in.) wide and551.43 Branch-Circuit Protection
750 mm (30 in.) deep.(A) Rating The branch-circuit overcurrent devices shall be

rated as follows: Exception No. 1: Where the panelboard cover is exposed
to the inside aisle space, one of the working clearance dimen-(1) Not more than the circuit conductors, and
sions shall be permitted to be reduced to a minimum of 550(2) Not more than 150 percent of the rating of a single
mm (22 in.). A panelboard is considered exposed where theappliance rated 13.3 amperes or more and supplied by
panelboard cover is within 50 mm (2 in.) of the aisle’san individual branch circuit, but
finished surface.(3) Not more than the overcurrent protection size marked
Exception No. 2: Compartment doors used for access to aon an air conditioner or other motor-operated appliances
generator shall be permitted to be equipped with a locking

(B) Protection for Smaller Conductors A 20-ampere fuse system.
or circuit breaker shall be permitted for protection for fix-

(C) Dead-Front Type The distribution panelboard shall betures, including luminaires, leads, cords, or small appliances,
of the dead-front type and shall consist of one or more circuitand 14 AWG tap conductors, not over 1.8 m (6 ft) long for
breakers or Type S fuseholders. A main disconnecting meansrecessed luminaires (lighting fixtures).
shall be provided where fuses are used or where more than

(C) Fifteen-Ampere Receptacle Considered Protected by two circuit breakers are employed. A main overcurrent pro-
20 Amperes If more than one receptacle or load is on a tective device not exceeding the power-supply assembly
branch circuit, a 15-ampere receptacle shall be permitted to rating shall be provided where more than two branch circuits
be protected by a 20-ampere fuse or circuit breaker. are employed.

551.44 Power-Supply Assembly 551.46 Means for Connecting to Power Supply
Each recreational vehicle shall have only one of the follow- (A) Assembly The power-supply assembly or assemblies
ing main power-supply assemblies. shall be factory supplied or factory installed and be of one

of the types specified herein.(A) Fifteen-AmpereMain Power-Supply Assembly Rec-
reational vehicles wired in accordance with 551.42(A) shall (1) Separable Where a separable power-supply assembly
use a listed 15-ampere or larger main power-supply assem- consisting of a cord with a female connector and molded
bly. attachment plug cap is provided, the vehicle shall be

equipped with a permanently mounted, flanged surface inlet(B) Twenty-Ampere Main Power-Supply Assembly
(male, recessed-type motor-base attachment plug) wired di-Recreational vehicles wired in accordance with 551.42(B)
rectly to the distribution panelboard by an approved wiringshall use a listed 20-ampere or larger main power-supply
method. The attachment plug cap shall be of a listed type.assembly.

(2) Permanently Connected Each power-supply assembly(C) Thirty-Ampere Main Power-Supply Assembly Rec-
shall be connected directly to the terminals of the distributionreational vehicles wired in accordance with 551.42(C) shall
panelboard or conductors within a junction box and provideduse a listed 30-ampere or larger main power-supply assembly.
with means to prevent strain from being transmitted to the
terminals. The ampacity of the conductors between each(D) Fifty-Ampere Power-Supply Assembly Recreational

vehicles wired in accordance with 551.42(D) shall use a junction box and the terminals of each distribution pan-
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551.46Article 551 — Recreational Vehicles and Recreational Vehicle Parks

elboard shall be at least equal to the ampacity of the power-
supply cord. The supply end of the assembly shall be
equipped with an attachment plug of the type described in
551.46(C). Where the cord passes through the walls or floors,
it shall be protected by means of conduit and bushings or
equivalent. The cord assembly shall have permanent provis-
ions for protection against corrosion and mechanical damage
while the vehicle is in transit.

(B) Cord The cord exposed usable length shall be mea-
sured from the point of entrance to the recreational vehicle
or the face of the flanged surface inlet (motor-base attach-
ment plug) to the face of the attachment plug at the supply
end.

The cord exposed usable length, measured to the point
of entry on the vehicle exterior, shall be a minimum of 7.5
m (25 ft) where the point of entrance is at the side of the
vehicle or shall be a minimum 9.0 m (30 ft) where the point
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Receptacles Caps

125-V, 20-A, 2-pole, 3-wire, 
grounding type

125-V, 15-A, 2-pole, 3-wire, 
grounding type20-A, 125-V, 

2-pole, 3-wire, 
grounding type

30-A, 125-V, 2-pole, 3-wire, grounding type

50-A, 125/250-V, 3-pole, 4-wire, grounding type

G G

W W

of entrance is at the rear of the vehicle.
Where the cord entrance into the vehicle is more than Figure 551.46(C) Configurations for Grounding-Type Recep-

900 mm (3 ft) above the ground, the minimum cord lengths tacles and Attachment Plug Caps Used for Recreational Vehicle
above shall be increased by the vertical distance of the cord Supply Cords and Recreational Vehicle Lots
entrance heights above 900 mm (3 ft).

FPN: See 551.46(E). FPN: Complete details of this configuration can be found
in ANSI/NEMA WD 6-1989, National Electrical Manu-

(C) Attachment Plugs facturers Association’s Standard for Dimensions of At-
tachment Plugs and Receptacles, Figure TT.(1) Units with One 15-Ampere Branch Circuit Recre-

ational vehicles having only one 15-ampere branch circuit (4) Units with 50-Ampere Power Supply Assembly Rec-
as permitted by 551.42(A) shall have an attachment plug reational vehicles having a power-supply assembly rated 50
that shall be 2-pole, 3-wire grounding type, rated 15 amperes, amperes as permitted by 551.42(D) shall have a 3-pole, 4-
125 volts, conforming to the configuration shown in Figure wire grounding-type attachment plug rated 50 amperes, 125/
551.46(C). 250 volts, conforming to the configuration shown in Figure

551.46(C).FPN: Complete details of this configuration can be found
in National Electrical Manufacturers Association’s

FPN: Complete details of this configuration can be foundANSI/NEMA WD 6-1989, Standard for Dimensions of
in ANSI/NEMA WD 6-1989, National Electrical Manu-Attachment Plugs and Receptacle, Figure 5.15.
facturers Association’s Standard for Dimensions of At-
tachment Plugs and Receptacles, Figure 14.50.(2) Units with One 20-Ampere Branch Circuit Recre-

ational vehicles having only one 20-ampere branch circuit
The 20- and 50-ampere receptacle and plug configurationsas permitted in 551.42(B) shall have an attachment plug that
used for recreational vehicles appear in Exhibit 406.3shall be 2-pole, 3-wire grounding type, rated 20 amperes,
(NEMA configuration chart); however, the 30-ampere plug125 volts, conforming to the configuration shown in Figure
and receptacle configurations are unique to recreational vehi-551.46(C).
cles and are described in UL 498, Standard for Attachment

FPN: Complete details of this configuration can be found Plugs and Receptacles.
in ANSI/NEMA WD 6-1989, National Electrical Manu-
facturers Association’s Standard for Dimensions of At-
tachment Plugs and Receptacles, Figure 5.20.

(D) Labeling at Electrical Entrance Each recreational ve-
hicle shall have permanently affixed to the exterior skin, at(3) Units with Two to Five 15- or 20-Ampere Branch

Circuits Recreational vehicles wired in accordance with or near the point of entrance of the power-supply cord(s),
a label 75 mm � 45 mm (3 in. � 13⁄4 in.) minimum size,551.42(C) shall have an attachment plug that shall be 2-

pole, 3-wire grounding type, rated 30 amperes, 125 volts, made of etched, metal-stamped, or embossed brass, stainless
steel, or anodized or alclad aluminum not less than 0.51 mmconforming to the configuration shown in Figure 551.46(C),

intended for use with units rated at 30 amperes, 125 volts. (0.020 in.) thick, or other suitable material [e.g., 0.13 mm
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551.47 Article 551 — Recreational Vehicles and Recreational Vehicle Parks

(0.005 in.) thick plastic laminate] that reads, as appropriate, See the commentary following 358.28(A) and 300.4(F) for
either information on protecting conductor insulation against abra-

THIS CONNECTION IS FOR 110–125-VOLT AC, sion at conduit and tubing terminations.
60 HZ, AMPERE SUPPLY.

or
(C) Nonmetallic Boxes Nonmetallic boxes shall be accept-THIS CONNECTION IS FOR 120/240-VOLT AC, 3-POLE,
able only with nonmetallic-sheathed cable or nonmetallic4-WIRE, 60 HZ, AMPERE SUPPLY.
raceways.The correct ampere rating shall be marked in the blank

space. (D) Boxes In walls and ceilings constructed of wood or
(E) Location The point of entrance of a power-supply as- other combustible material, boxes and fittings shall be flush
sembly shall be located within 4.5 m (15 ft) of the rear, on with the finished surface or project therefrom.
the left (road) side or at the rear, left of the longitudinal

(E) Mounting Wall and ceiling boxes shall be mounted incenter of the vehicle, within 450 mm (18 in.) of the outside
accordance with Article 314.wall.

Exception No. 1: A recreational vehicle equipped with only Exception No. 1: Snap-in-type boxes or boxes provided with
a listed flexible drain system or a side-vent drain system special wall or ceiling brackets that securely fasten boxes
shall be permitted to have the electrical point of entrance in walls or ceilings shall be permitted.
located on either side, provided the drain(s) for the plumbing

Exception No. 2: A wooden plate providing a 38-mm (11⁄2-system is (are) located on the same side.
in.) minimum width backing around the box and of a thick-

Exception No. 2: A recreational vehicle shall be permitted ness of 13 mm (1⁄2 in.) or greater (actual) attached directly
to have the electrical point of entrance located more than to the wall panel shall be considered as approved means
4.5 m (15 ft) from the rear. Where this occurs, the distance for mounting outlet boxes.
beyond the 4.5-m (15-ft) dimension shall be added to the
cord’s minimum length as specified in 551.46(B).

Exception No. 2 to 551.47(E) permits the mounting of outlet
Exception No. 3: Recreational vehicles designed for trans-

boxes by screws to a wooden plate that is secured directly
porting livestock shall be permitted to have the electrical

to the back of the wall panel. The wooden plate must be
point of entrance located on either side or the front.

not less than 1⁄2 in. thick and must extend at least 11⁄2 in.
around the box. This requirement recognizes the special

Exception No. 3 to 551.46(E), which is new in the 2005 construction of recreational vehicle walls, which often makes
Code, gives permission to locate the power supply entrance it difficult or impossible to attach an outlet box to a structural
on either side or the front of a recreational vehicle that also member, as required by 314.23(B).
has provisions for transporting livestock.

(F) Raceway and Cable Continuity Raceways and cable551.47 Wiring Methods
sheaths shall be continuous between boxes and other enclo-(A) Wiring Systems Cables and raceways installed in ac-
sures.cordance with Articles 320, 322, 330 through 340, 342

through 362, 386, and 388 shall be permitted in accordance
(G) Protected Metal-clad, Type AC, or nonmetallic-with their applicable article, except as otherwise specified
sheathed cables and electrical nonmetallic tubing shall bein this article. An equipment grounding means shall be pro-
permitted to pass through the centers of the wide side of 2vided in accordance with 250.118.
by 4 wood studs. However, they shall be protected where
they pass through 2 by 2 wood studs or at other wood studs

See the commentary on 348.60 for information regarding or frames where the cable or tubing would be less than 32
the use of flexible metal conduit as an equipment grounding mm (11⁄4 in.) from the inside or outside surface. Steel plates
conductor. on each side of the cable or tubing or a steel tube, with not

less than 1.35 mm (0.053 in.) wall thickness, shall be in-
stalled to protect the cable or tubing. These plates or tubes(B) Conduit and Tubing Where rigid metal conduit or

intermediate metal conduit is terminated at an enclosure with shall be securely held in place. Where nonmetallic-sheathed
cables pass through punched, cut, or drilled slots or holesa locknut and bushing connection, two locknuts shall be

provided, one inside and one outside of the enclosure. All in metal members, the cable shall be protected by bushings
or grommets securely fastened in the opening prior to instal-cut ends of conduit and tubing shall be reamed or otherwise

finished to remove rough edges. lation of the cable.

2005 National Electrical Code Handbook862

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



551.47Article 551 — Recreational Vehicles and Recreational Vehicle Parks

(H) Bends No bend shall have a radius of less than five of the vehicle by means of an attachment plug and
cord listed for hard usage. The cord and its connec-times the cable diameter.
tions shall conform to all provisions of Article 400

(I) Cable Supports Where connected with cable connec- and shall be considered as a permitted use under
tors or clamps, cables shall be supported within 300 mm 400.7. Where the attachment plug and cord are lo-
(12 in.) of outlet boxes, distribution panelboards, and splice cated within the vehicle’s interior, use of plastic ther-
boxes on appliances. Supports shall be provided every 1.4 moset or elastomer parallel cord Type SPT-3, SP-3,
m (41⁄2 ft) at other places. or SPE shall be permitted.

b. Where the receptacle provided for connection of the
(J) Nonmetallic Box Without Cable Clamps Nonmetal-

cord to the main circuit is located on the outside of
lic-sheathed cables shall be supported within 200 mm (8

the vehicle, it shall be protected with a ground-fault
in.) of a nonmetallic outlet box without cable clamps. Where

circuit interrupter for personnel and be listed for wet
wiring devices with integral enclosures are employed with

locations. A cord located on the outside of a vehicle
a loop of extra cable to permit future replacement of the

shall be identified for outdoor use.
device, the cable loop shall be considered as an integral

c. Unless removable or stored within the vehicle inte-
portion of the device.

rior, the cord assembly shall have permanent provis-
ions for protection against corrosion and mechanical(K) Physical Damage Where subject to physical damage,
damage while the vehicle is in transit.exposed nonmetallic cable shall be protected by covering

d. The attachment plug and cord shall be installed soboards, guard strips, raceways, or other means.
as not to permit exposed live attachment plug pins.

(L) Metal Faceplates Metal faceplates shall be of ferrous (2) Direct Wired. That portion of a branch circuit that is
metal not less than 0.76 mm (0.030 in.) in thickness or of installed in an expandable unit shall be permitted to be
nonferrous metal not less than 1.0 mm (0.040 in.) in thick- connected to the portion of the branch circuit in the
ness. Nonmetallic faceplates shall be listed. main body of the vehicle by means of flexible cord in

accordance with 551.47(P)(2)(a) through (P)(2)(d).
(M) Metal Faceplates Effectively Grounded Where
metal faceplates are used, they shall be effectively grounded.

Section 551.47(P) was revised for the 2005 Code to expand
the provisions covering the interconnection between the(N) Moisture or Physical Damage Where outdoor or
main body of the vehicle and an expandable unit. Two meth-under-chassis wiring is 120 volts, nominal, or over and is
ods of interconnection are permitted: one by means of cord-exposed to moisture or physical damage, the wiring shall
and-plug connections with the cord listed for hard usage,be protected by rigid metal conduit, by intermediate metal
the other by means of a direct-wired connection using flexi-conduit, or by electrical metallic tubing, rigid nonmetallic
ble cord with the outer jacket intact, installed in nonflexibleconduit, or Type MI cable, that is closely routed against
conduit or tubing.frames and equipment enclosures or other raceway or cable

identified for the application.
a. The flexible cord shall be listed for hard usage and

(O) Component Interconnections Fittings and connectors for use in wet locations.
that are intended to be concealed at the time of assembly shall b. The flexible cord shall be permitted to pass through
be listed and identified for the interconnection of building the interior of a wall or through a floor in lengths
components. Such fittings and connectors shall be equal to not to exceed 600 mm (24 in.) before terminating at
the wiring method employed in insulation, temperature rise, an outlet.
and fault-current withstanding and shall be capable of endur- c. The flexible cord shall be installed in a nonflexible
ing the vibration and shock occurring in recreational vehi- conduit or tubing that runs continuously from the
cles. outlet box inside the recreational vehicle to a strain

relief connector listed for use in wet locations that(P) Method of Connecting Expandable Units The
is located on the underside of the recreational vehicle.

method of connecting expandable units to the main body of
d. The outer jacket of the flexible cord shall not be

the vehicle shall comply with 551.47(P)(1) or (P)(2):
removed for that portion that is installed in the con-
duit or tubing.(1) Cord-and-Plug Connected. Cord and plug connections

shall comply with (a) through (d). (Q) Prewiring for Air-Conditioning Installation Prewir-
ing installed for the purpose of facilitating future air-a. That portion of a branch circuit that is installed in

an expandable unit shall be permitted to be connected conditioning installation shall conform to the applicable por-
tions of this article and the following:to the portion of the branch circuit in the main body
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551.48 Article 551 — Recreational Vehicles and Recreational Vehicle Parks

(1) An overcurrent protective device with a rating compati- 551.50 Connection of Terminals and Splices
ble with the circuit conductors shall be installed in the Conductor splices and connections at terminals shall be in
distribution panelboard and wiring connections com- accordance with 110.14.
pleted.

(2) The load end of the circuit shall terminate in a junction 551.51 Switches
box with a blank cover or other listed enclosure. Where

(A) Rating Switches shall be rated in accordance with
a junction box with a blank cover is used, the free ends

551.51(A)(1) and (A)(2).
of the conductors shall be adequately capped or taped.

(3) A label conforming to 551.46(D) shall be placed on or (1) Lighting Circuits For lighting circuits, switches shall
adjacent to the junction box and shall read be rated not less than 10 amperes, 120–125 volts and in no

case less than the connected load.AIR-CONDITIONING CIRCUIT.
THIS CONNECTION IS FOR AIR CONDITIONERS

(2) Motors or Other Loads Switches for motor or otherRATED 110–125-VOLT AC, 60 HZ,
loads shall comply with the provisions of 404.14.AMPERES MAXIMUM. DO NOT EXCEED

CIRCUIT RATING.
(B) Location Switches shall not be installed within wet

An ampere rating, not to exceed 80 percent of the circuit locations in tub or shower spaces unless installed as part of
rating, shall be legibly marked in the blank space. a listed tub or shower assembly.

(4) The circuit shall serve no other purpose.

551.52 Receptacles(R) Prewiring for Generator Installation Prewiring in-
All receptacle outlets shall be of the grounding type andstalled for the purpose of facilitating future generator instal-
installed in accordance with 406.3 and 210.21.lation shall conform to the other applicable portions of this

article and the following:
551.53 Luminaires (Lighting Fixtures)

(1) Circuit conductors shall be appropriately sized in rela-
(A) General Any combustible wall or ceiling finish ex-tion to the anticipated load and shall be protected by an
posed between the edge of a luminaire (fixture) canopy, orovercurrent device in accordance with their ampacities.
pan and the outlet box, shall be covered with noncombustible(2) Where junction boxes are utilized at either of the circuit
material or a material identified for the purpose.originating or terminus points, free ends of the conduc-

tors shall be adequately capped or taped. (B) Shower Luminaires (Fixtures) If a luminaire (lighting
(3) Where devices such as receptacle outlet, transfer switch, fixture) is provided over a bathtub or in a shower stall, it

and so forth, are installed, the installation shall be com- shall be of the enclosed and gasketed type and listed for
plete, including circuit conductor connections. All de- the type of installation, and it shall be ground-fault circuit-
vices shall be listed and appropriately rated. interrupter protected.

(4) A label conforming to 551.46(D) shall be placed on
the cover of each junction box containing incomplete

Many shower luminaires have a metal base and, due to the
circuitry and shall read, as appropriate, either

low ceilings in recreational vehicles, may be easily reached
GENERATOR CIRCUIT. THIS CONNECTION by most persons under the shower or standing in the bathtub.

IS FOR GENERATORS RATED 110–125-VOLT AC, In accordance with 551.53(B), the installation of luminaires
60 HZ, AMPERES MAXIMUM.

that are listed for wet locations and have GFCI protection
or is permitted above a tub or shower enclosure.

GENERATOR CIRCUIT. THIS CONNECTION
IS FOR GENERATORS RATED 120/240-VOLT AC,

(C) OutdoorOutlets, Luminaires (Fixtures), Air-Cooling60 HZ, AMPERES MAXIMUM.
Equipment, and So On Outdoor luminaires (fixtures) and

The correct ampere rating shall be legibly marked in other equipment shall be listed for outdoor use.
the blank space.

551.54 Grounding
551.48 Conductors and Boxes

(See also 551.56 on bonding of non–current-carrying metal
The maximum number of conductors permitted in boxes parts.)
shall be in accordance with 314.16.

(A) Power-Supply Grounding The grounding conductor
551.49 Grounded Conductors in the supply cord or feeder shall be connected to the ground-

ing bus or other approved grounding means in the distribu-The identification of grounded conductors shall be in accor-
dance with 200.6. tion panelboard.
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551.56Article 551 — Recreational Vehicles and Recreational Vehicle Parks

(E) Grounding Continuity Where more than one equip-(B) Distribution Panelboard The distribution panelboard
shall have a grounding bus with sufficient terminals for all ment grounding or bonding conductor of a branch circuit

enters a box, all such conductors shall be in good electricalgrounding conductors or other approved grounding means.
contact with each other, and the arrangement shall be such

(C) Insulated Neutral The grounded circuit conductor that the disconnection or removal of a receptacle, luminaire
(neutral) shall be insulated from the equipment grounding (fixture), or other device fed from the box will not interfere
conductors and from equipment enclosures and other with or interrupt the grounding continuity.
grounded parts. The grounded (neutral) circuit terminals in

(F) Cord-Connected Appliances Cord-connected appli-the distribution panelboard and in ranges, clothes dryers,
ances, such as washing machines, clothes dryers, refrigera-counter-mounted cooking units, and wall-mounted ovens
tors, and the electrical system of gas ranges, and so forth,shall be insulated from the equipment enclosure. Bonding
shall be grounded by means of an approved cord with equip-screws, straps, or buses in the distribution panelboard or in
ment grounding conductor and grounding-type attachmentappliances shall be removed and discarded. Connection of
plug.electric ranges and electric clothes dryers utilizing a

grounded (neutral) conductor, if cord-connected, shall be
551.56 Bonding of Non–Current-Carryingmade with 4-conductor cord and 3-pole, 4-wire grounding-
Metal Partstype plug caps and receptacles.
(A) Required Bonding All exposed non–current-carrying

551.55 Interior Equipment Grounding metal parts that may become energized shall be effectively
bonded to the grounding terminal or enclosure of the distri-(A) Exposed Metal Parts In the electrical system, all ex-
bution panelboard.posed metal parts, enclosures, frames, luminaire (lighting

fixture) canopies, and so forth, shall be effectively bonded (B) Bonding Chassis A bonding conductor shall be con-
to the grounding terminals or enclosure of the distribution nected between any distribution panelboard and an accessi-
panelboard. ble terminal on the chassis. Aluminum or copper-clad

aluminum conductors shall not be used for bonding if such(B) Equipment Grounding and Bonding Conductors
conductors or their terminals are exposed to corrosive ele-Bare wires, insulated wire with an outer finish that is green
ments.or green with one or more yellow stripes, shall be used for

equipment grounding or bonding conductors only. Exception: Any recreational vehicle that employs a unitized
metal chassis-frame construction to which the distribution(C) Grounding of Electrical Equipment Grounding of
panelboard is securely fastened with a bolt(s) and nut(s) orelectrical equipment shall be accomplished by one or more
by welding or riveting shall be considered to be bonded.of the following methods:
(C) Bonding Conductor Requirements Grounding termi-(1) Connection of metal raceway, the sheath of Type MC
nals shall be of the solderless type and listed as pressureand Type MI cable where the sheath is identified for
terminal connectors recognized for the wire size used. Thegrounding, or the armor of Type AC cable to metal
bonding conductor shall be solid or stranded, insulated orenclosures.
bare, and shall be 8 AWG copper minimum, or equal.(2) A connection between the one or more equipment

grounding conductors and a metal enclosure by means (D) Metallic Roof and Exterior Bonding The metal roof
of a grounding screw, which shall be used for no other and exterior covering shall be considered bonded where both
purpose, or a listed grounding device. of the following conditions apply:

(3) The equipment grounding conductor in nonmetallic-
(1) The metal panels overlap one another and are securelysheathed cable shall be permitted to be secured under

attached to the wood or metal frame parts by metala screw threaded into the luminaire (fixture) canopy
fasteners.other than a mounting screw or cover screw, or attached

(2) The lower panel of the metal exterior covering is securedto a listed grounding means (plate) in a nonmetallic
by metal fasteners at each cross member of the chassis,outlet box for luminaire (fixture) mounting. [Grounding
or the lower panel is bonded to the chassis by a metalmeans shall also be permitted for luminaire (fixture)
strap.attachment screws.]

(E) Gas, Water, and Waste Pipe Bonding The gas, water,
(D) Grounding Connection in Nonmetallic Box A con-

and waste pipes shall be considered grounded if they are
nection between the one or more grounding conductors

bonded to the chassis.
brought into a nonmetallic outlet box shall be so arranged
that a connection can be made to any fitting or device in (F) Furnace and Metal Air Duct Bonding Furnace and

metal circulating air ducts shall be bonded.that box that requires grounding.
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551.57 Article 551 — Recreational Vehicles and Recreational Vehicle Parks

tion of electrical equipment outside the recreational vehicle551.57 Appliance Accessibility and Fastening
within the recreational vehicle park.Every appliance shall be accessible for inspection, service,

repair, and replacement without removal of permanent con-
In accordance with 551.71, at least one 20-ampere, 125-struction. Means shall be provided to securely fasten appli-
volt receptacle must be installed at each recreational vehicleances in place when the recreational vehicle is in transit.
campsite. Existing recreational vehicle campgrounds may

V. Factory Tests have some sites that are equipped with 30-ampere recepta-
cles only. Adapter plugs or ‘‘cheater’’ cords are often used551.60 Factory Tests (Electrical)
to connect a recreational vehicle with a 20-ampere supply

Each recreational vehicle designed with a 120-volt or a cord to a 30-ampere receptacle outlet. This practice does
120/240-volt electrical system shall withstand the applied not provide adequate overload protection for the cord or
potential without electrical breakdown of a 1-minute, 900- the connected load. The requirement in 551.71 ensures the
volt dielectric strength test, or a 1-second, 1080-volt dielec- availability of the properly rated receptacle.
tric strength test, with all switches closed, between un- Some newer recreational vehicles have a 50-ampere,
grounded and grounded conductors and the recreational 120/240-volt supply installed, and 551.71 contains provis-
vehicle ground. During the test, all switches and other con- ions that require a limited number of RV sites with 50-
trols shall be in the ‘‘on’’ position. Fixtures, including lumi- ampere, 125/250-volt receptacles. Section 551.71 was re-
naires and permanently installed appliances, shall not be vised for the 2005 Code to increase the number of required
required to withstand this test. The test shall be performed 50-ampere receptacles from 5 percent to 20 percent to ac-
after branch circuits are complete prior to energizing the commodate the larger electrical systems that are installed in
system and again after all outer coverings and cabinetry today’s recreational vehicles. This revision will also result
have been secured. in increased load capacity for RV park services and feeders.

Each recreational vehicle shall be subjected to all of Receptacle configurations are shown in Figure 551.46(C),
the following: and receptacle ratings are described in 551.81.
(1) A continuity test to ensure that all metal parts are prop-

erly bonded
All 125-volt, single-phase, 15- and 20-ampere recepta-(2) Operational tests to demonstrate that all equipment is

cles shall have listed ground-fault circuit-interrupter protec-properly connected and in working order
tion for personnel.(3) Polarity checks to determine that connections have been

properly made FPN: The percentage of 50 ampere sites required by
551.71 may be inadequate for seasonal recreational vehi-
cle sites serving a higher percentage of recreational vehi-VI. Recreational Vehicle Parks
cles with 50 ampere electrical systems. In that type of

551.71 Type Receptacles Provided recreational vehicle park, the percentage of 50 ampere
sites could approach 100 percent.Every recreational vehicle site with electrical supply shall

be equipped with at least one 20-ampere, 125-volt receptacle.
551.72 Distribution SystemA minimum of 20 percent of all recreational vehicle sites,

with electrical supply, shall each be equipped with a 50- Receptacles rated at 50 amperes shall be supplied from a
branch circuit of the voltage class and rating of the recepta-ampere, 125/250-volt receptacle conforming to the configu-

ration as identified in Figure 551.46(C). These electrical cle. Other recreational vehicle sites with 125-volt, 20- and
30-ampere receptacles shall be permitted to be derived fromsupplies shall be permitted to include additional receptacles

that have configurations in accordance with 551.81. A mini- any grounded distribution system that supplies 120-volt sin-
gle-phase power. The neutral conductors shall not be reducedmum of 70 percent of all recreational vehicle sites with

electrical supply shall each be equipped with a 30-ampere, in size below the size of the ungrounded conductors for the
site distribution. The neutral conductors shall be permitted125-volt receptacle conforming to Figure 551.46(C). This

supply shall be permitted to include additional receptacle to be reduced in size below the minimum required size of
the ungrounded conductors for 240-volt, line-to-line, perma-configurations conforming to 551.81. The remainder of all

recreational vehicle sites with electrical supply shall be nently connected loads only.
equipped with one or more of the receptacle configurations
conforming to 551.81. Dedicated tent sites with a 15- or 20- The distribution system of a recreational vehicle park has
ampere electrical supply shall be permitted to be excluded to be configured such that the sites are supplied by a 120-
when determining the percentage of recreational vehicle sites volt, 2-wire circuit; a 120/240 volt, 3-wire circuit; or a 3-
with 30- or 50-ampere receptacles. wire 120/208-volt circuit derived from a 208Y/120-volt, 3-

Additional receptacles shall be permitted for the connec-
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551.76Article 551 — Recreational Vehicles and Recreational Vehicle Parks

phase, 4-wire system. See the commentary on 551.40(A) comply with 551.77 and the calculated load shall only be
computed for the two receptacles with the highest rating.for information regarding the voltage rating of line-to-line

connected appliances in recreational vehicles.
(B) Transformers and Secondary Distribution Panel-
boards For the purpose of this Code, where the park service
exceeds 240 volts, transformers and secondary distribution551.73 Calculated Load
panelboards shall be treated as services.(A) Basis of Calculations Electrical service and feeders

shall be calculated on the basis of not less than 9600 volt- (C) Demand Factors The demand factor for a given num-
amperes per site equipped with 50-ampere, 120/240-volt ber of sites shall apply to all sites indicated. For example,
supply facilities; 3600 volt-amperes per site equipped with 20 sites calculated at 45 percent of 3600 volt-amperes results
both 20-ampere and 30-ampere supply facilities; 2400 volt- in a permissible demand of 1620 volt-amperes per site or a
amperes per site equipped with only 20-ampere supply facili- total of 32,400 volt-amperes for 20 sites.
ties; and 600 volt-amperes per site equipped with only 20-
ampere supply facilities that are dedicated to tent sites. The FPN: These demand factors may be inadequate in areas

of extreme hot or cold temperature with loaded circuitsdemand factors set forth in Table 551.73 shall be the mini-
for heating or air conditioning.mum allowable demand factors that shall be permitted in

calculating load for service and feeders. Where the electrical (D) Feeder-Circuit Capacity Recreational vehicle site
supply for a recreational vehicle site has more than one feeder-circuit conductors shall have adequate ampacity for
receptacle, the calculated load shall only be calculated for the loads supplied and shall be rated at not less than 30
the highest rated receptacle. amperes. The grounded conductors shall have the same am-

pacity as the ungrounded conductors.
A second paragraph was added to 551.73(A) in the 2005

FPN: Due to the long circuit lengths typical in mostCode to require that, where receptacle outlets are installed
recreational vehicle parks, feeder conductor sizes foundat a location that can serve two recreational vehicles, the in the ampacity tables of Article 310 may be inadequate

load is to be calculated for the two receptacles with the to maintain the voltage regulation suggested in the fine
highest rating. print note to 210.19. Total circuit voltage drop is a sum

of the voltage drops of each serial circuit segment, where
the load for each segment is calculated using the load
that segment sees and the demand factors of 551.73(A).Where the electrical supply is in a location that serves

two recreational vehicles, the equipment for both sites must
Loads for other amenities such as, but not limited to,

service buildings, recreational buildings, and swimming
Table 551.73 Demand Factors for Site Feeders and Service- pools shall be sized separately and then be added to the
Entrance Conductors for Park Sites value calculated for the recreational vehicle sites where they

are all supplied by one service.
Number of Recreational Demand Factor

Vehicle Sites (percent)
551.74 Overcurrent Protection

1 100 Overcurrent protection shall be provided in accordance with
2 90

Article 240.3 80
4 75
5 65 551.75 Grounding
6 60

All electrical equipment and installations in recreational ve-
7–9 55 hicle parks shall be grounded as required by Article 250.

10–12 50
13–15 48

551.76 Grounding — Recreational Vehicle Site16–18 47
19–21 45 Supply Equipment
22–24 43

(A) Exposed Non–Current-Carrying Metal Parts Ex-25–35 42
posed non–current-carrying metal parts of fixed equipment,36 plus 41
metal boxes, cabinets, and fittings that are not electrically
connected to grounded equipment shall be grounded by aDedicated tent sites supplied with electricity are not intended
continuous equipment grounding conductor run with theto accommodate recreational vehicles; therefore, the calcu-
circuit conductors from the service equipment or from thelated load for these sites can be smaller.
transformer of a secondary distribution system. Equipment
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551.77 Article 551 — Recreational Vehicles and Recreational Vehicle Parks

(D) Mounting Height Site supply equipment shall be lo-grounding conductors shall be sized in accordance with
250.122 and shall be permitted to be spliced by listed means. cated not less than 600 mm (2 ft) or more than 2.0 m (6 ft

6 in.) above the ground.The arrangement of equipment grounding connections
shall be such that the disconnection or removal of a recepta-

(E) Working Space Sufficient space shall be provided andcle or other device will not interfere with, or interrupt, the
maintained about all electrical equipment to permit readygrounding continuity.
and safe operation, in accordance with 110.26.

(B) Secondary Distribution System Each secondary dis- (F) Marking Where the site supply equipment contains a
tribution system shall be grounded at the transformer. 125/250-volt receptacle, the equipment shall be marked as

follows: ‘‘Turn disconnecting switch or circuit breaker off
(C) Neutral Conductor Not to Be Used as an Equipment

before inserting or removing plug. Plug must be fully in-
Ground The neutral conductor shall not be used as an equip-

serted or removed.’’ The marking shall be located on the
ment ground for recreational vehicles or equipment within

equipment adjacent to the receptacle outlet.
the recreational vehicle park.

Partially engaged attachment plugs may result in intermittent(D) No Connection on the Load Side No connection to
neutral (grounded conductor) contact. Loss of the neutrala grounding electrode shall be made to the neutral conductor
could momentarily apply the line-to-line voltage (240 volts)on the load side of the service disconnecting means except
across 125-volt equipment, causing malfunction or damage.as covered in 250.30(A) for separately derived systems and

250.32(B)(2) for separate buildings.

551.78 Protection of Outdoor Equipment
551.77 Recreational Vehicle Site

(A) Wet Locations All switches, circuit breakers, recepta-
Supply Equipment cles, control equipment, and metering devices located in
(A) Location Where provided on back-in sites, the recre- wet locations or outside of a building shall be rainproof
ational vehicle site electrical supply equipment shall be lo- equipment.
cated on the left (road) side of the parked vehicle, on a line

(B) Meters If secondary meters are installed, meter socketsthat is 1.5 m to 2.1 m (5 ft to 7 ft) from the left edge (driver’s
without meters installed shall be blanked off with an ap-side of the parked RV) of the stand and shall be located at
proved blanking plate.any point on this line from the rear of the stand to 4.5 m

(15 ft) forward of the rear of the stand.
551.79 Clearance for Overhead ConductorsFor pull-through sites, the electrical supply equipment
Open conductors of not over 600 volts, nominal, shall haveshall be permitted to be located at any point along the line
a vertical clearance of not less than 5.5 m (18 ft) and athat is 1.5 m to 2.1 m (5 ft to 7 ft) from the left edge (driver’s
horizontal clearance of not less than 900 mm (3 ft) in allside of the parked RV) from 4.9 m (16 ft) forward of the
areas subject to recreational vehicle movement. In all otherrear of the stand to the center point between the two roads
areas, clearances shall conform to 225.18 and 225.19.that gives access to and egress from the pull-through sites.

The left edge (driver’s side of the parked RV) of the FPN: For clearances of conductors over 600 volts, nomi-
stand shall be marked. nal, see 225.60 and 225.61.

551.80 Underground Service, Feeder, Branch-The requirements of 551.77(A) are intended to accommodate
Circuit, and Recreational Vehicle Site Feeder-vehicles towing boats or other trailers. The location of the

site supply equipment permitted for pull-through sites re- Circuit Conductors
duces the use of extension cords. (A) General All direct-burial conductors, including the

equipment grounding conductor if of aluminum, shall be
insulated and identified for the use. All conductors shall be

(B) Disconnecting Means A disconnecting switch or cir- continuous from equipment to equipment. All splices and
cuit breaker shall be provided in the site supply equipment taps shall be made in approved junction boxes or by use of
for disconnecting the power supply to the recreational vehi- material listed and identified for the purpose.
cle.

(B) Protection Against Physical Damage Direct-buried
conductors and cables entering or leaving a trench shall be(C) Access All site supply equipment shall be accessible

by an unobstructed entrance or passageway not less than protected by rigid metal conduit, intermediate metal conduit,
electrical metallic tubing with supplementary corrosion pro-600 mm (2 ft) wide and 2.0 m (6 ft 6 in.) high.
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551.81Article 552 — Park Trailers

tection, rigid nonmetallic conduit, liquidtight flexible non-
(D) Battery Installationsmetallic conduit, liquidtight flexible metal conduit, or other
(E) Overcurrent Protectionapproved raceways or enclosures. Where subject to physical
(F) Switchesdamage, the conductors or cables shall be protected by rigid
(G) Luminaires (Lighting Fixtures)metal conduit, intermediate metal conduit, or Schedule 80

III. Combination Electrical Systemsrigid nonmetallic conduit. All such protection shall extend
552.20 Combination Electrical Systemsat least 450 mm (18 in.) into the trench from finished grade.

(A) General
FPN: See 300.5 and Article 340 for conductors or Type (B) Voltage Converters (120-Volt Alternating
UF cable used underground or in direct burial in earth. Current to Low-Voltage Direct Current)

(C) Bonding Voltage Converter Enclosures551.81 Receptacles
(D) Dual-Voltage Fixtures Including Luminaires or

A receptacle to supply electric power to a recreational vehi- Appliances
cle shall be one of the configurations shown in Figure (E) Autotransformers
551.46(C) in the following ratings. (F) Receptacles and Plug Caps

IV. Nominal 120-Volt or 120/240-Volt Systems(1) 50-ampere — 125/250-volt, 50-ampere, 3-pole, 4-wire
552.40 120-Volt or 120/240-Volt, Nominal, Systemsgrounding type for 120/240-volt systems

(A) General Requirements(2) 30-ampere — 125-volt, 30-ampere, 2-pole, 3-wire
(B) Materials and Equipmentgrounding type for 120-volt systems

552.41 Receptacle Outlets Required(3) 20-ampere — 125-volt, 20-ampere, 2-pole, 3-wire
(A) Spacinggrounding type for 120-volt systems
(B) Location

FPN: Complete details of these configurations can be (C) Ground-Fault Circuit-Interrupter Protectionfound in ANSI/NEMA WD 6-1989, National Electrical
(D) Pipe Heating Cable OutletManufacturers Association’s Standard for Dimensions of
(E) Outdoor Receptacle OutletsAttachment Plugs and Receptacles, Figures 14-50, TT,

and 5-20. (F) Receptacle Outlets Not Permitted
552.43 Power Supply

(A) Feeder
ARTICLE 552 (B) Power-Supply Cord

(C) Mast Weatherhead or RacewayPark Trailers
552.44 Cord

(A) Permanently Connected
Summary of Changes (B) Cord Length
• 552.41(C)(1): Deleted redundant requirement for GFCI (C) Attachment Plugs

protection of receptacles adjacent to bathrooms and added (D) Labeling at Electrical Entrance
requirement for GFCI protection of receptacles installed (E) Location
to serve kitchen countertop surfaces. 552.45 Distribution Panelboard

(A) Listed and Appropriately Rated• 552.45(A):Deleted reference to ‘‘other equipment specifi-
(B) Locationcally listed for the purpose.’’
(C) Dead-Front Type

552.46 Branch Circuits
(A) Two to Five 15- or 20-Ampere Circuits

Contents (B) More Than Five Circuits
552.47 CalculationsI. General

552.1 Scope (A) Lighting and Small Appliance Load
(B) Total Load for Determining Power Supply552.2 Definition

552.3 Other Articles (C) Optional Method of Calculation for Lighting
and Appliance Load552.4 General Requirements

II. Low-Voltage Systems 552.48 Wiring Methods
(A) Wiring Systems552.10 Low-Voltage Systems

(A) Low-Voltage Circuits (B) Conduit and Tubing
(C) Nonmetallic Boxes(B) Low-Voltage Wiring

(C) Low-Voltage Wiring Methods (D) Boxes
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552.1 Article 552 — Park Trailers

I. General
(E) Mounting

552.1 Scope(F) Sheath Armor
(G) Protected The provisions of this article cover the electrical conductors
(H) Cable Supports and equipment installed within or on park trailers not covered
(I) Nonmetallic Box Without Cable Clamps fully under Articles 550 and 551.
(J) Physical Damage

(K) Metal Faceplates The scope of Article 552 covers park trailers that have a
(L) Metal Faceplates Effectively Grounded single chassis and wheels, that do not exceed 400 ft2 (set up),

(M) Moisture or Physical Damage and that are not used as permanent residences. Additionally,
(N) Component Interconnections Article 552 does not apply to units that meet the definition
(O) Method of Connecting Expandable Units of park trailer (see 552.2) but are used for commercial
(P) Prewiring for Air-Conditioning Installation purposes.

552.49 Maximum Number of Conductors in Boxes It is not uncommon for park trailers to be equipped with
552.50 Grounded Conductors electrical loads similar to those used in mobile homes. It is
552.51 Connection of Terminals and Splices also not uncommon for the park trailer to be located in
552.52 Switches the same park trailer community for several years without

(A) Lighting Circuits relocation.
(B) Motors or Other Loads Park trailers are somewhat similar to mobile homes and

552.53 Receptacles recreational vehicles, and many requirements in Article 552
552.54 Luminaires (Lighting Fixtures) are the same or similar to those contained in Articles 550

(A) General and 551. Article 552, therefore, is similar in structure to
(B) Shower Luminaires (Fixtures) Articles 550 and 551.
(C) Outdoor Outlets, Luminaires (Fixtures), Air-

Cooling Equipment, and So On
552.55 Grounding 552.2 Definition

(A) Power-Supply Grounding (See Articles 100, 550, and 551 for additional definitions.)
(B) Distribution Panelboard

Park Trailer. A unit that is built on a single chassis mounted(C) Insulated Neutral
on wheels and has a gross trailer area not exceeding 37 m2

552.56 Interior Equipment Grounding
(400 ft2) in the set-up mode.(A) Exposed Metal Parts

(B) Equipment Grounding Conductors
552.3 Other Articles(C) Grounding of Electrical Equipment
Wherever the provisions of other articles and Article 552(D) Grounding Connection in Nonmetallic Box
differ, the provisions of Article 552 shall apply.(E) Grounding Continuity

(F) Cord-Connected Appliances
552.4 General Requirements552.57 Bonding of Non–Current-Carrying Metal Parts

(A) Required Bonding A park trailer as specified in 552.2 is intended for seasonal
(B) Bonding Chassis use. It is not intended as a permanent dwelling unit or for
(C) Bonding Conductor Requirements commercial uses such as banks, clinics, offices, or similar.
(D) Metallic Roof and Exterior Bonding
(E) Gas, Water, and Waste Pipe Bonding II. Low-Voltage Systems
(F) Furnace and Metal Air Duct Bonding 552.10 Low-Voltage Systems

552.58 Appliance Accessibility and Fastening
(A) Low-Voltage Circuits Low-voltage circuits furnished552.59 Outdoor Outlets, Fixtures, Including
and installed by the park trailer manufacturer, other thanLuminaires, Air-Cooling Equipment, and So On
those related to braking, are subject to this Code. Circuits(A) Listed for Outdoor Use
supplying lights subject to federal or state regulations shall(B) Outside Heating Equipment, Air-Conditioning
comply with applicable government regulations and thisEquipment, or Both
Code.V. Factory Tests

552.60 Factory Tests (Electrical)
(A) Circuits of 120 Volts or 120/240 Volts In accordance with 552.10(A), the requirements of Article

552, Part II apply to the low-voltage wiring within the park(B) Low-Voltage Circuits
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552.10Article 552 — Park Trailers

covered with an insulation equivalent to that on the conduc-trailer that would be used in place of 120-volt ac supplies.
tors.These requirements do not apply to the trailer braking cir-

cuits. (3) Separation Battery and other low-voltage circuits shall
be physically separated by at least a 13-mm (1⁄2-in.) gap or
other approved means from circuits of a different power(B) Low-Voltage Wiring
source. Acceptable methods shall be by clamping, routing,

(1) Material Copper conductors shall be used for low-volt- or equivalent means that ensure permanent total separation.
age circuits. Where circuits of different power sources cross, the external

jacket of the nonmetallic-sheathed cables shall be deemedException: A metal chassis or frame shall be permitted as
adequate separation.the return path to the source of supply.

(4) Ground Connections Ground connections to the chas-
It is not the intent of 552.10(B)(1) to permit the sidewalls sis or frame shall be made in an accessible location and
or the roof of a park trailer to serve as the ground return shall be mechanically secure. Ground connections shall be
path. See the definition of frame in 551.2. by means of copper conductors and copper or copper-alloy

terminals of the solderless type identified for the size of
wire used. The surface on which ground terminals make(2) Conductor Types Conductors shall conform to the re-
contact shall be cleaned and be free from oxide or paint orquirements for Type GXL, HDT, SGT, SGR, or Type SXL
shall be electrically connected through the use of a cadmium,or shall have insulation in accordance with Table 310.13 or
tin, or zinc-plated internal/external-toothed lockwasher orthe equivalent. Conductor sizes 6 AWG through 18 AWG
locking terminals. Ground terminal attaching screws, rivetsor SAE shall be listed. Single-wire, low-voltage conductors
or bolts, nuts, and lockwashers shall be cadmium, tin, orshall be of the stranded type.
zinc-plated except rivets shall be permitted to be unanodized

FPN: See SAE Standard J1128-1995 for Types GXL, aluminum where attaching to aluminum structures.
HDT, and SXL and SAE Standard J1127-1995 for Types The chassis-grounding terminal of the battery shall beSGT and SGR.

bonded to the unit chassis with a minimum 8 AWG copper
conductor. In the event the power lead from the battery(3) Marking All insulated low-voltage conductors shall be
exceeds 8 AWG, the bonding conductor shall be of an equalsurface marked at intervals not greater than 1.2 m (4 ft) as
size.follows:

(1) Listed conductors shall be marked as required by the
The provisions of 552.10(C)(4) require that the chassis-listing agency.
grounding terminal of the battery be bonded to the vehicle(2) SAE conductors shall be marked with the name or logo
chassis in a mechanically secure manner and be placed inof the manufacturer, specification designation, and wire
an accessible location using a minimum 8 AWG coppergauge.
conductor. This minimizes the possibility of low-voltage(3) Other conductors shall be marked with the name or logo
circuit-fault currents passing through the ac panelboardof the manufacturer, temperature rating, wire gauge,
bonding conductor and the equipment grounding conductorconductor material, and insulation thickness.
of the combination ac/dc appliance and subsequently passing

(C) Low-Voltage Wiring Methods through the negative dc conductor feeding the appliance
that also may be bonded to the external metal cover of the(1) Physical Protection Conductors shall be protected
appliance. The ac equipment grounding conductor of theagainst physical damage and shall be secured. Where insu-
appliance may not have sufficient ampacity to safely conductlated conductors are clamped to the structure, the conductor
the dc fault current, which would necessitate installation ofinsulation shall be supplemented by an additional wrap or
the battery bonding conductor. Some recreational vehicleslayer of equivalent material, except that jacketed cables shall
already have one side of the battery circuit bonded to thenot be required to be so protected. Wiring shall be routed
frame by an 8 AWG or larger copper conductor.away from sharp edges, moving parts, or heat sources.

(2) Splices Conductors shall be spliced or joined with splic-
ing devices that provide a secure connection or by brazing, (D) Battery Installations Storage batteries subject to the

provisions of this Code shall be securely attached to thewelding, or soldering with a fusible metal or alloy. Soldered
splices shall first be spliced or joined to be mechanically unit and installed in an area vaportight to the interior and

ventilated directly to the exterior of the unit. Where batteriesand electrically secure without solder, and then soldered.
All splices, joints, and free ends of conductors shall be are installed in a compartment, the compartment shall be
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552.20 Article 552 — Park Trailers

(F) Switches Switches shall have a dc rating not less thanventilated with openings having a minimum area of 1100
mm2 (1.7 in.2) at both the top and at the bottom. Where the connected load.
compartment doors are equipped for ventilation, the open-

(G) Luminaires (Lighting Fixtures) All low-voltage inte-ings shall be within 50 mm (2 in.) of the top and bottom.
rior luminaires (lighting fixtures) rated more than 4 watts,Batteries shall not be installed in a compartment containing
employing lamps rated more than 1.2 watts, shall be listed.spark- or flame-producing equipment.

(E) Overcurrent Protection Twelve-volt systems for running and signal lights, similar
(1) Rating Low-voltage circuit wiring shall be protected to those used in conventional automobiles, are covered in
by overcurrent protective devices rated not in excess of the 552.10 and 552.20. In some park trailers, 12-volt systems
ampacity of copper conductors, in accordance with Table are also used for interior lighting and other small loads. The
552.10(E)(1). 12-volt system is often supplied from an on-board battery

or through a transfer switch from a 120/12-volt transformer
Table 552.10(E)(1) Low-Voltage Overcurrent Protection in conjunction with a full-wave rectifier.

Wire Size (AWG) Ampacity Wire Type

III. Combination Electrical Systems18 6 Stranded only
16 8 Stranded only 552.20 Combination Electrical Systems
14 15 Stranded or solid

(A) General Unit wiring suitable for connection to a bat-12 20 Stranded or solid
10 30 Stranded or solid tery or other low-voltage supply source shall be permitted

to be connected to a 120-volt source, provided that the entire
wiring system and equipment are rated and installed in full

(2) Type Circuit breakers or fuses shall be of an approved conformity with Parts I, III, IV, and V requirements of this
type, including automotive types. Fuseholders shall be article covering 120-volt electrical systems. Circuits fed
clearly marked with maximum fuse size and shall be pro- from ac transformers shall not supply dc appliances.
tected against shorting and physical damage by a cover or

(B) Voltage Converters (120-Volt Alternating Current toequivalent means.
Low-Voltage Direct Current) The 120-volt ac side of the

FPN: For further information, see ANSI/SAE J554- voltage converter shall be wired in full conformity with Parts1987, Standard for Electric Fuses (Cartridge Type); SAE
I, III, IV, and V requirements of this article for 120-voltJ1284-1988, Standard for Blade Type Electric Fuses;
electrical systems.and UL 275-1993, Standard for Automotive Glass Tube

Fuses.
Exception: Converters supplied as an integral part of a
listed appliance shall not be subject to 552.20(B).

The requirement for protection of fuseholders by a cover or
equivalent means is intended to reduce the possibility of the All converters and transformers shall be listed for use
low-voltage system shorting to ground. in recreation units and designed or equipped to provide over-

temperature protection. To determine the converter rating,
the following formula shall be applied to the total connected(3) Appliances Appliances such as pumps, compressors,
load, including average battery charging rate, of all 12-voltheater blowers, and similar motor-driven appliances shall be
equipment:installed in accordance with the manufacturer’s instructions.

Motors that are controlled by automatic switching or The first 20 amperes of load at 100 percent; plus
by latching-type manual switches shall be protected in accor-

The second 20 amperes of load at 50 percent; plusdance with 430.32(B).
All load above 40 amperes at 25 percent

(4) Location The overcurrent protective device shall be
Exception: A low-voltage appliance that is controlled by ainstalled in an accessible location on the unit within 450
momentary switch (normally open) that has no means formm (18 in.) of the point where the power supply connects
holding in the closed position shall not be considered as ato the unit circuits. If located outside the park trailer, the
connected load when determining the required converterdevice shall be protected against weather and physical dam-
rating. Momentarily energized appliances shall be limitedage.
to those used to prepare the unit for occupancy or travel.

Exception: External low-voltage supply shall be permitted
to have the overcurrent protective device within 450 mm (18 (C) Bonding Voltage Converter Enclosures The non–

current-carrying metal enclosure of the voltage converterin.) after entering the unit or after leaving a metal raceway.
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552.41Article 552 — Park Trailers

(B) Location Receptacle outlets shall be installed as fol-shall be bonded to the frame of the unit with an 8 AWG
copper conductor minimum. The grounding conductor for lows:
the battery and the metal enclosure shall be permitted to be

(1) Adjacent to countertops in the kitchen [at least one onthe same conductor.
each side of the sink if countertops are on each side
and are 300 mm (12 in.) or over in width](D) Dual-Voltage Fixtures Including Luminaires or Ap-

(2) Adjacent to the refrigerator and gas range space, exceptpliances Fixtures, including luminaires, or appliances hav-
where a gas-fired refrigerator or cooking appliance, re-ing both 120-volt and low-voltage connections shall be listed
quiring no external electrical connection, is factory-for dual voltage.
installed

(3) Adjacent to countertop spaces of 300 mm (12 in.) orIn the dual-voltage fixtures described in 552.20(D), barriers
more in width that cannot be reached from a receptacleare used to separate the 120-volt and the 12-volt wiring
required in 552.41(B)(1) by a cord of 1.8 m (6 ft) withoutconnections.
crossing a traffic area, cooking appliance, or sink

(C) Ground-Fault Circuit-Interrupter Protection Each(E) Autotransformers Autotransformers shall not be used.
125-volt, single-phase, 15- or 20-ampere receptacle shall

(F) Receptacles and Plug Caps Where a park trailer is have ground-fault circuit-interrupter protection for personnel
equipped with a 120-volt or 120/240-volt ac system, a low- in the following locations:
voltage system, or both, receptacles and plug caps of the

(1) Where the receptacles are installed to serve kitchenlow-voltage system shall differ in configuration from those
countertop surfacesof the 120-volt or 120/240-volt system. Where a unit

(2) Within 1.8 m (6 ft) of any lavatory or sinkequipped with a battery or dc system has an external connec-
tion for low-voltage power, the connector shall have a config- Exception: Receptacles installed for appliances in dedi-
uration that will not accept 120-volt power. cated spaces, such as for dishwashers, disposals, refrigera-

tors, freezers, and laundry equipment.
IV. Nominal 120-Volt or 120/240-Volt

(3) In the area occupied by a toilet, shower, tub, or anySystems
combination thereof

552.40 120-Volt or 120/240-Volt, (4) On the exterior of the unit
Nominal, Systems

Exception: Receptacles that are located inside of an access
(A) General Requirements The electrical equipment and

panel that is installed on the exterior of the unit to supply
material of park trailers indicated for connection to a wiring

power for an installed appliance shall not be required to
system rated 120 volts, nominal, 2-wire with ground, or a

have ground-fault circuit-interrupter protection.
wiring system rated 120/240 volts, nominal, 3-wire with
ground, shall be listed and installed in accordance with the

The receptacle outlet shall be permitted in a listed lumi-requirements of Parts I, III, IV, and V of this article.
naire (lighting fixture). A receptacle outlet shall not be in-

(B) Materials and Equipment Electrical materials, de- stalled in a tub or combination tub–shower compartment.
vices, appliances, fittings, and other equipment installed,
intended for use in, or attached to the park trailer shall be In accordance with 552.41(C)(4), a bathroom receptacle is
listed. All products shall be used only in the manner in permitted to be mounted in the side of a lavatory cabinet
which they have been tested and found suitable for the where installation of a receptacle outlet is not possible in a
intended use. wall that does not provide the necessary depth. The recepta-

cle must be GFCI protected in accordance with 552.42(C).
552.41 Receptacle Outlets Required Receptacles of any type are not permitted in a tub or tub-
(A) Spacing Receptacle outlets shall be installed at wall shower compartment.
spaces 600 mm (2 ft) wide or more so that no point along
the floor line is more than 1.8 m (6 ft), measured horizontally,
from an outlet in that space. (D) PipeHeatingCableOutlet Where a pipe heating cable

outlet is installed, the outlet shall be as follows:Exception No. 1: Bath and hall areas.

(1) Located within 600 mm (2 ft) of the cold water inletException No. 2: Wall spaces occupied by kitchen cabinets,
wardrobe cabinets, built-in furniture; behind doors that may (2) Connected to an interior branch circuit, other than a

small appliance branch circuitopen fully against a wall surface; or similar facilities.
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552.43 Article 552 — Park Trailers

(3) On a circuit where all of the outlets are on the load (2) A metal raceway, rigid nonmetallic conduit, or liq-
uidtight flexible nonmetallic conduit from the discon-side of the ground-fault circuit-interrupter protection for

personnel necting means in the park trailer to the underside of the
park trailer, with provisions for the attachment to a(4) Mounted on the underside of the park trailer and shall

not be considered to be the outdoor receptacle outlet suitable junction box or fitting to the raceway on the
underside of the park trailer [with or without conductorsrequired in 552.41(E)
as in 550.10(I)(1)]

(E) Outdoor Receptacle Outlets At least one receptacle
outlet shall be installed outdoors. A receptacle outlet located 552.44 Cord
in a compartment accessible from the outside of the park

(A) Permanently Connected Each power-supply assem-trailer shall be considered an outdoor receptacle. Outdoor
bly shall be factory supplied or factory installed and con-receptacle outlets shall be protected as required in
nected directly to the terminals of the distribution panelboard552.41(C)(4).
or conductors within a junction box and provided with means

(F) Receptacle Outlets Not Permitted to prevent strain from being transmitted to the terminals.
The ampacity of the conductors between each junction box(1) Shower or Bathtub Space Receptacle outlets shall not
and the terminals of each distribution panelboard shall bebe installed in or within reach [750 mm (30 in.)] of a shower
at least equal to the ampacity of the power-supply cord.or bathtub space.
The supply end of the assembly shall be equipped with an

(2) Face-Up Position A receptacle shall not be installed in attachment plug of the type described in 552.44(C). Where
a face-up position in any countertop. the cord passes through the walls or floors, it shall be pro-

tected by means of conduit and bushings or equivalent. The
552.43 Power Supply cord assembly shall have permanent provisions for protec-
(A) Feeder The power supply to the park trailer shall be tion against corrosion and mechanical damage while the unit
a feeder assembly consisting of not more than one listed 30- is in transit.
ampere or 50-ampere park trailer power-supply cord with an

(B) Cord Length The cord-exposed usable length shall beintegrally molded or securely attached cap, or a permanently
measured from the point of entrance to the park trailer orinstalled feeder.
the face of the flanged surface inlet (motor-base attachment

(B) Power-Supply Cord If the park trailer has a power- plug) to the face of the attachment plug at the supply end.
supply cord, it shall be permanently attached to the distribu- The cord-exposed usable length, measured to the point
tion panelboard or to a junction box permanently connected of entry on the unit exterior, shall be a minimum of 7.0 m
to the distribution panelboard, with the free end terminating (23 ft) where the point of entrance is at the side of the unit,
in a molded-on attachment plug cap. or shall be a minimum 8.5 m (28 ft) where the point of

Cords with adapters and pigtail ends, extension cords, entrance is at the rear of the unit. The maximum length shall
and similar items shall not be attached to, or shipped with, not exceed 11 m (361⁄2 ft).
a park trailer. Where the cord entrance into the unit is more than 900

A suitable clamp or the equivalent shall be provided at mm (3 ft) above the ground, the minimum cord lengths
the distribution panelboard knockout to afford strain relief above shall be increased by the vertical distance of the cord
for the cord to prevent strain from being transmitted to entrance heights above 900 mm (3 ft).
the terminals when the power-supply cord is handled in its

(C) Attachment Plugsintended manner.
The cord shall be a listed type with 3-wire, 120-volt (1) Units with Two to Five 15- or 20-Ampere Branch

or 4-wire, 120/240-volt conductors, one of which shall be Circuits Park trailers wired in accordance with 552.46(A)
identified by a continuous green color or a continuous green shall have an attachment plug that shall be 2-pole, 3-wire
color with one or more yellow stripes for use as the ground- grounding-type, rated 30 amperes, 125 volts, conforming to
ing conductor. the configuration shown in Figure 552.44(C) intended for

use with units rated at 30 amperes, 125 volts.(C) MastWeatherhead or Raceway Where the calculated
load exceeds 50 amperes or where a permanent feeder is FPN: Complete details of this configuration can be found
used, the supply shall be by means of one of the following: in ANSI/NEMA WD 6-1989, National Electrical Manu-

facturers Association’s Standard for Dimensions of At-
(1) One mast weatherhead installation, installed in accor- tachment Plugs and Receptacles, Figure TT.

dance with Article 230, containing four continuous, in-
sulated, color-coded feeder conductors, one of which (2) Units with 50-Ampere Power Supply Assembly Park

trailers having a power-supply assembly rated 50 amperesshall be an equipment grounding conductor
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552.46Article 552 — Park Trailers

the left (road) side or at the rear, left of the longitudinal
center of the unit, within 450 mm (18 in.) of the outside
wall.

Exception: A park trailer shall be permitted to have the
electrical point of entrance located more than 4.5 m (15 ft)
from the rear. Where this occurs, the distance beyond the
4.5-m (15-ft) dimension shall be added to the cord’s minimum
length as specified in 551.46(B).

552.45 Distribution Panelboard

G

W
YX

G

W
XY

30-A,125-V, 2-pole, 3-wire, grounding type

50-A,125/250-V, 3-pole, 4-wire, grounding type

G G

W W

Receptacles Caps

(A) Listed and Appropriately Rated A listed and appro-
priately rated distribution panelboard shall be used. TheFigure 552.44(C) Attachment Cap and Receptacle Configura-
grounded conductor termination bar shall be insulated fromtions
the enclosure as provided in 552.55(C). An equipment
grounding terminal bar shall be attached inside the metal
enclosure of the panelboard.as permitted by 552.43(B) shall have a 3-pole, 4-wire

grounding-type attachment plug rated 50 amperes, 125/250
(B) Location The distribution panelboard shall be installedvolts, conforming to the configuration shown in Figure
in a readily accessible location. Working clearance for the552.44(C).
panelboard shall be not less than 600 mm (24 in.) wide and

FPN: Complete details of this configuration can be found 750 mm (30 in.) deep.
in ANSI/NEMA WD 6-1989, National Electrical Manu-

Exception: Where the panelboard cover is exposed to thefacturers Association Standard for Dimensions of Attach-
ment Plugs and Receptacles, Figure 14-50. inside aisle space, one of the working clearance dimensions

shall be permitted to be reduced to a minimum of 550 mm
(22 in.). A panelboard shall be considered exposed whereThe 50-ampere receptacle and plug configurations used for
the panelboard cover is within 50 mm (2 in.) of the aisle’spark trailers appear in Exhibit 406.3 (NEMA configuration
finished surface.chart); however, the 30-ampere plug and receptacle configu-

rations are unique to recreational vehicles and are described
(C) Dead-Front Type The distribution panelboard shall be

in UL 498, Standard for Attachment Plugs and Receptacles.
of the dead-front type. A main disconnecting means shall
be provided where fuses are used or where more than two
circuit breakers are employed. A main overcurrent protective

(D) Labeling at Electrical Entrance Each park trailer device not exceeding the power-supply assembly rating shall
shall have permanently affixed to the exterior skin, at or be provided where more than two branch circuits are em-
near the point of entrance of the power-supply assembly, a ployed.
label 75 mm � 45 mm (3 in. � 13⁄4 in.) minimum size,
made of etched, metal-stamped, or embossed brass, stainless 552.46 Branch Circuits
steel, or anodized or alclad aluminum not less than 0.51 mm Branch circuits shall be determined in accordance with
(0.020 in.) thick, or other suitable material [e.g., 0.13 mm 552.46(A) and 552.46(B).
(0.005 in.) thick plastic laminate], that reads, as appropriate,

(A) Two to Five 15- or 20-Ampere Circuits Two to fiveeither
15- or 20-ampere circuits to supply lights, receptacle outlets,

THIS CONNECTION IS FOR 110–125-VOLT AC, and fixed appliances shall be permitted. Such park trailers60 HZ, 30 AMPERE SUPPLY
shall be equipped with a distribution panelboard rated at
120 volts maximum with a 30-ampere rated main poweror
supply assembly. Not more than two 120-volt thermostati-

THIS CONNECTION IS FOR 120/240-VOLT AC, cally controlled appliances (e.g., air conditioner and water
3-POLE, 4-WIRE, 60 HZ, AMPERE SUPPLY. heater) shall be installed in such systems unless appliance

isolation switching, energy management systems, or similar
The correct ampere rating shall be marked in the blank methods are used.

space.
Exception: Additional 15- or 20-ampere circuits shall be
permitted where a listed energy management system rated(E) Location The point of entrance of a power-supply as-

sembly shall be located within 4.5 m (15 ft) of the rear, on at 30 amperes maximum is employed within the system.
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552.47 Article 552 — Park Trailers

(A) Lighting and Small Appliance Load Lighting Volt-(B) More Than Five Circuits Where more than five cir-
cuits are needed, they shall be determined in accordance Amperes: Length times width of park trailer floor (outside

dimensions) times 33 volt-amperes/m2 (3 VA/ft2). Forwith 552.46(B)(1), (B)(2), and (B)(3).
example,

(1) Lighting Based on 33 volt-amperes/m2 (3 VA/ft2)
Length � width � 3 = lighting volt-amperesmultiplied by the outside dimensions of the park trailer

(coupler excluded) divided by 120 volts to determine the
Small Appliance Volt-Amperes: Number of circuitsnumber of 15- or 20-ampere lighting area circuits, for

times 1500 volt-amperes for each 20-ampere appliance re-example,
ceptacle circuit (see definition of Appliance, Portable with
note) including 1500 volt-amperes for laundry circuit. For3 � length � width

120 � 15 (or 20)
= No. of 15- (or 20-)

ampere circuits example,

No. of circuits � 1500 = small appliance volt-amperesThe lighting circuits shall be permitted to serve built-
in gas ovens with electric service only for lights, clocks or

Total: Lighting volt-amperes plus small appliance volt-timers, or listed cord-connected garbage disposal units.
amperes = total volt-amperes

First 3000 total volt-amperes at 100 percent plus remain-(2) Small Appliances Small appliance branch circuits shall
der at 35 percent = volt-amperes to be divided by 240 voltsbe installed in accordance with 210.11(C)(1).
to obtain current (amperes) per leg.

(3) General Appliances (including furnace, water heater,
(B) Total Load for Determining Power Supply Total loadspace heater, range, and central or room air conditioner, etc.)
for determining power supply is the sum of the following:An individual branch circuit shall be permitted to supply

any load for which it is rated. There shall be one or more (1) Lighting and small appliance load as calculated in
circuits of adequate rating in accordance with (a) through 552.47(A).
(d). (2) Nameplate amperes for motors and heater loads (exhaust

fans, air conditioners, electric, gas, or oil heating). Omit
FPN No. 1: For the laundry branch circuit, see

smaller of the heating and cooling loads, except include210.11(C)(2).
blower motor if used as air-conditioner evaporatorFPN No. 2: For central air conditioning, see Article 440.
motor. Where an air conditioner is not installed and a
50-ampere power-supply cord is provided, allow 15(a) The total rating of fixed appliances shall not exceed
amperes per phase for air conditioning.50 percent of the circuit rating if lighting outlets, general-

(3) Twenty-five percent of current of largest motor inuse receptacles, or both, are also supplied.
(B)(2).(b) For fixed appliances with a motor(s) larger than 1⁄8

(4) Total of nameplate amperes for disposal, dishwasher,horsepower, the total calculated load shall be based on 125
water heater, clothes dryer, wall-mounted oven, cookingpercent of the largest motor plus the sum of the other loads.
units. Where the number of these appliances exceedsWhere a branch circuit supplies continuous load(s) or any
three, use 75 percent of total.combination of continuous and noncontinuous loads, the

(5) Derive amperes for freestanding range (as distinguishedbranch-circuit conductor size shall be in accordance with
from separate ovens and cooking units) by dividing the210.19(A).
following values by 240 volts:

(c) The rating of a single cord- and plug-connected
appliance supplied by other than an individual branch circuit Nameplate Rating (watts) Use (volt-amperes)
shall not exceed 80 percent of the circuit rating.

0–10,000 80 percent of rating
(d) The rating of a range branch circuit shall be based Over 10,000–12,500 8,000

Over 12,500–13,500 8,400on the range demand as specified for ranges in 552.47(B)(5).
Over 13,500–14,500 8,800
Over 14,500–15,500 9,200

552.47 Calculations Over 15,500–16,500 9,600
Over 16,500–17,500 10,000The following method shall be employed in computing the

supply-cord and distribution-panelboard load for each feeder
(6) If outlets or circuits are provided for other than factory-assembly for each park trailer in lieu of the procedure shown

installed appliances, include the anticipated load.in Article 220 and shall be based on a 3-wire, 120/240-volt
supply with 120-volt loads balanced between the two phases FPN: Refer to Annex D, Example D12, for an illustration

of the application of this calculation.of the 3-wire system.
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552.48Article 552 — Park Trailers

construction of recreational vehicle walls, which often makes(C) Optional Method of Calculation for Lighting and
Appliance Load For park trailers, the optional method for it difficult or impossible to attach an outlet box to a structural

member, as required by 314.23(B).calculating lighting and appliance load shown in 220.82
shall be permitted.

(F) Sheath Armor The sheath of nonmetallic-sheathed552.48 Wiring Methods
cable, metal-clad cable, and Type AC cable shall be continu-(A) Wiring Systems Cables and raceways installed in ac-
ous between outlet boxes and other enclosures.cordance with Articles 320, 322, 330 through 340, 342

through 362, 386, and 388 shall be permitted in accordance (G) Protected Metal-clad, Type AC, or nonmetallic-
with their applicable article, except as otherwise specified sheathed cables and electrical nonmetallic tubing shall be
in this article. An equipment grounding means shall be pro- permitted to pass through the centers of the wide side of 2
vided in accordance with 250.118. by 4 wood studs. However, they shall be protected where

they pass through 2 by 2 wood studs or at other wood studs
or frames where the cable or tubing would be less than 32See the commentary on 348.60 for information regarding
mm (11⁄4 in.) from the inside or outside surface. Steel platesthe use of flexible metal conduit as an equipment grounding
on each side of the cable or tubing, or a steel tube, with notconductor.
less than 1.35 mm (0.053 in.) wall thickness, shall be in-
stalled to protect the cable or tubing. These plates or tubes

(B) Conduit and Tubing Where rigid metal conduit or shall be securely held in place. Where nonmetallic-sheathed
intermediate metal conduit is terminated at an enclosure with cables pass through punched, cut, or drilled slots or holes
a locknut and bushing connection, two locknuts shall be in metal members, the cable shall be protected by bushings
provided, one inside and one outside of the enclosure. All or grommets securely fastened in the opening prior to instal-
cut ends of conduit and tubing shall be reamed or otherwise lation of the cable.
finished to remove rough edges.

(H) Cable Supports Where connected with cable connec-
tors or clamps, cables shall be supported within 300 mmSee the commentary following 358.28(A) and 300.4(F) for
(12 in.) of outlet boxes, distribution panelboards, and spliceinformation on protecting conductor insulation against abra-
boxes on appliances. Supports shall be provided every 1.4sion at conduit and tubing terminations.
m (41⁄2 ft) at other places.

(I) Nonmetallic Box Without Cable Clamps Nonmetal-(C) Nonmetallic Boxes Nonmetallic boxes shall be accept-
lic-sheathed cables shall be supported within 200 mm (8able only with nonmetallic-sheathed cable or nonmetallic
in.) of a nonmetallic outlet box without cable clamps.raceways.

Exception: Where wiring devices with integral enclosures(D) Boxes In walls and ceilings constructed of wood or
are employed with a loop of extra cable to permit futureother combustible material, boxes and fittings shall be flush
replacement of the device, the cable loop shall be consideredwith the finished surface or project therefrom.
as an integral portion of the device.

(E) Mounting Wall and ceiling boxes shall be mounted in
(J) Physical Damage Where subject to physical damage,accordance with Article 314.
exposed nonmetallic cable shall be protected by covering

Exception No. 1: Snap-in-type boxes or boxes provided with
boards, guard strips, raceways, or other means.

special wall or ceiling brackets that securely fasten boxes
in walls or ceilings shall be permitted. (K) Metal Faceplates Metal faceplates shall be of ferrous

metal not less than 0.76 mm (0.030 in.) in thickness or ofException No. 2: A wooden plate providing a 38-mm (11⁄2-
nonferrous metal not less than 1.0 mm (0.040 in.) in thick-in.) minimum width backing around the box and of a thick-
ness. Nonmetallic faceplates shall be listed.ness of 13 mm (1⁄2 in.) or greater (actual) attached directly

to the wall panel shall be considered as approved means (L) Metal Faceplates Effectively Grounded Where metal
for mounting outlet boxes. faceplates are used, they shall be effectively grounded.

(M) Moisture or Physical Damage Where outdoor orException No. 2 to 552.48(E) permits the mounting of outlet
under-chassis wiring is 120 volts, nominal, or over and isboxes by screws to a wooden plate that is secured directly
exposed to moisture or physical damage, the wiring shallto the back of the wall panel. The wooden plate must be
be protected by rigid metal conduit, by intermediate metalnot less than 1⁄2 in. thick and must extend at least 11⁄2 in.
conduit, or by electrical metallic tubing or rigid nonmetallicaround the box. This requirement recognizes the special
conduit that is closely routed against frames and equipment
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552.49 Article 552 — Park Trailers

An ampere rating, not to exceed 80 percent of the circuitenclosures or other raceway or cable identified for the appli-
cation. rating, shall be legibly marked in the blank space.

(4) The circuit shall serve no other purpose.
(N) Component Interconnections Fittings and connectors
that are intended to be concealed at the time of assembly shall 552.49 Maximum Number of Conductors
be listed and identified for the interconnection of building in Boxes
components. Such fittings and connectors shall be equal to

The maximum number of conductors permitted in boxesthe wiring method employed in insulation, temperature rise,
shall be in accordance with 314.16.and fault-current withstanding, and shall be capable of endur-

ing the vibration and shock occurring in park trailers. 552.50 Grounded Conductors
(O) Method of Connecting Expandable Units The The identification of grounded conductors shall be in accor-
method of connecting expandable units to the main body of dance with 200.6.
the vehicle shall comply with the following as applicable:

552.51 Connection of Terminals and Splices
(1) That portion of a branch circuit that is installed in an

Conductor splices and connections at terminals shall be inexpandable unit shall be permitted to be connected to
accordance with 110.14.the branch circuit in the main body of the vehicle by

means of a flexible cord or attachment plug and cord
552.52 Switcheslisted for hard usage. The cord and its connections shall
Switches shall be rated as required by 552.52(A) andconform to all provisions of Article 400 and shall be
552.52(B).considered as a permitted use under 400.7.

(2) If the receptacle provided for connection of the cord to
(A) Lighting Circuits For lighting circuits, switches shall

the main circuit is located on the outside of the unit, it
be rated not less than 10 amperes, 120/125 volts, and in no

shall be protected with a ground-fault circuit interrupter
case less than the connected load.

for personnel and be listed for wet locations. A cord
located on the outside of a unit shall be identified for (B) Motors or Other Loads For motors or other loads,
outdoor use. switches shall have ampere or horsepower ratings, or both,

(3) Unless removable or stored within the unit interior, adequate for loads controlled. (An ac general-use snap switch
the cord assembly shall have permanent provisions for shall be permitted to control a motor 2 hp or less with full-
protection against corrosion and mechanical damage load current not over 80 percent of the switch ampere rating.)
while the unit is in transit.

(4) If an attachment plug and cord is used, it shall be in- 552.53 Receptacles
stalled so as not to permit exposed live attachment plug All receptacle outlets shall be of the grounding type and
pins. installed in accordance with 210.21 and 406.3.

(P) Prewiring for Air-Conditioning Installation Prewir-
552.54 Luminaires (Lighting Fixtures)ing installed for the purpose of facilitating future air-condi-
(A) General Any combustible wall or ceiling finish ex-tioning installation shall conform to the applicable portions
posed between the edge of a luminaire (fixture) canopy orof this article and the following:
pan and the outlet box shall be covered with noncombustible

(1) An overcurrent protective device with a rating compati- material or a material identified for the purpose.
ble with the circuit conductors shall be installed in the

(B) Shower Luminaires (Fixtures) If a luminaire (lightingdistribution panelboard and wiring connections com-
fixture) is provided over a bathtub or in a shower stall, itpleted.
shall be of the enclosed and gasketed type and listed for(2) The load end of the circuit shall terminate in a junction
the type of installation, and it shall be ground-fault circuit-box with a blank cover or other listed enclosure. Where
interrupter protected.a junction box with a blank cover is used, the free ends

The switch for shower luminaires (lighting fixtures) andof the conductors shall be adequately capped or taped.
exhaust fans, located over a tub or in a shower stall, shall(3) A label conforming to 552.44(D) shall be placed on or
be located outside the tub or shower space.adjacent to the junction box and shall read

AIR-CONDITIONING CIRCUIT.
Many shower luminaires have a metal base and, due to theTHIS CONNECTION IS FOR AIR CONDITIONERS
low ceilings in recreational vehicles, may be easily reachedRATED 110–125-VOLT AC, 60 HZ,

AMPERES MAXIMUM. by most persons under the shower or standing in the bathtub.
DO NOT EXCEED CIRCUIT RATING.
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552.57Article 552 — Park Trailers

In accordance with 552.54(B), the installation of luminaires (2) A connection between the one or more equipment
grounding conductors and a metal box by means of athat are listed for wet locations and have GFCI protection

is permitted above a tub or shower enclosure. grounding screw, which shall be used for no other pur-
pose, or a listed grounding device.

(3) The equipment grounding conductor in nonmetallic-
(C) Outdoor Outlets, Luminaires (Fixtures), Air-Cool- sheathed cable shall be permitted to be secured under
ing Equipment, and So On Outdoor luminaires (fixtures) a screw threaded into the luminaire (fixture) canopy
and other equipment shall be listed for outdoor use. other than a mounting screw or cover screw or attached

to a listed grounding means (plate) in a nonmetallic
outlet box for luminaire (fixture) mounting [grounding552.55 Grounding
means shall also be permitted for luminaire (fixture)(See also 552.57 on bonding of non–current-carrying metal
attachment screws].parts.)

(D) Grounding Connection in Nonmetallic Box A con-(A) Power-Supply Grounding The grounding conductor
nection between the one or more grounding conductorsin the supply cord or feeder shall be connected to the ground-
brought into a nonmetallic outlet box shall be arranged soing bus or other approved grounding means in the distribu-
that a connection can be made to any fitting or device intion panelboard.
that box that requires grounding.

(B) Distribution Panelboard The distribution panelboard
(E) Grounding Continuity Where more than one equip-shall have a grounding bus with sufficient terminals for all
ment grounding conductor of a branch circuit enters a box,grounding conductors or other approved grounding means.
all such conductors shall be in good electrical contact with

(C) Insulated Neutral The grounded circuit conductor each other, and the arrangement shall be such that the discon-
(neutral) shall be insulated from the equipment grounding nection or removal of a receptacle, fixture, including a lumi-
conductors and from equipment enclosures and other naire, or other device fed from the box will not interfere
grounded parts. The grounded (neutral) circuit terminals in with or interrupt the grounding continuity.
the distribution panelboard and in ranges, clothes dryers,

(F) Cord-Connected Appliances Cord-connected appli-counter-mounted cooking units, and wall-mounted ovens
ances, such as washing machines, clothes dryers, refrigera-shall be insulated from the equipment enclosure. Bonding
tors, and the electrical system of gas ranges, and so on, shallscrews, straps, or buses in the distribution panelboard or in
be grounded by means of an approved cord with equipmentappliances shall be removed and discarded. Connection of
grounding conductor and grounding-type attachment plug.electric ranges and electric clothes dryers utilizing a

grounded (neutral) conductor, if cord-connected, shall be
552.57 Bonding of Non–Current-Carryingmade with 4-conductor cord and 3-pole, 4-wire, grounding-

type plug caps and receptacles. Metal Parts
(A) Required Bonding All exposed non–current-carrying

552.56 Interior Equipment Grounding metal parts that may become energized shall be effectively
bonded to the grounding terminal or enclosure of the distri-(A) Exposed Metal Parts In the electrical system, all ex-
bution panelboard.posed metal parts, enclosures, frames, luminaire (lighting

fixture) canopies, and so forth, shall be effectively bonded
(B) Bonding Chassis A bonding conductor shall be con-to the grounding terminals or enclosure of the distribution
nected between any distribution panelboard and an accessi-panelboard.
ble terminal on the chassis. Aluminum or copper-clad
aluminum conductors shall not be used for bonding if such(B) Equipment Grounding Conductors Bare wires,
conductors or their terminals are exposed to corrosive ele-green-colored wires, or green wires with a yellow stripe(s)
ments.shall be used for equipment grounding conductors only.

Exception: Any park trailer that employs a unitized metal(C) Grounding of Electrical Equipment Where ground-
chassis-frame construction to which the distribution pan-ing of electrical equipment is specified, it shall be permitted
elboard is securely fastened with a bolt(s) and nut(s) or byas follows:
welding or riveting shall be considered to be bonded.

(1) Connection of metal raceway (conduit or electrical me-
tallic tubing), the sheath of Type MC and Type MI cable (C) Bonding Conductor Requirements Grounding termi-

nals shall be of the solderless type and listed as pressurewhere the sheath is identified for grounding, or the
armor of Type AC cable to metal enclosures. terminal connectors recognized for the wire size used. The
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552.58 Article 553 — Floating Buildings

bonding conductor shall be solid or stranded, insulated or etched brass, stainless steel, anodized or alclad aluminum,
or equivalent. The tag shall not be less than 75 mm � 45bare, and shall be 8 AWG copper minimum or equivalent.
mm (3 in. � 13⁄4 in.) minimum size.

(D) Metallic Roof and Exterior Bonding The metal roof
and exterior covering shall be considered bonded where both V. Factory Tests
of the following conditions apply:

552.60 Factory Tests (Electrical)
(1) The metal panels overlap one another and are securely

Each park trailer shall be subjected to the tests required by
attached to the wood or metal frame parts by metal

552.60(A) and 552.60(B).
fasteners.

(2) The lower panel of the metal exterior covering is secured (A) Circuits of 120 Volts or 120/240 Volts Each park
by metal fasteners at each cross member of the chassis, trailer designed with a 120-volt or a 120/240-volt electrical
or the lower panel is bonded to the chassis by a metal system shall withstand the applied potential without electri-
strap. cal breakdown of a 1-minute, 900-volt dielectric strength

test, or a 1-second, 1080-volt dielectric strength test, with
(E) Gas, Water, and Waste Pipe Bonding The gas, water, all switches closed, between ungrounded and grounded con-
and waste pipes shall be considered grounded if they are ductors and the park trailer ground. During the test, all
bonded to the chassis. switches and other controls shall be in the on position. Fix-

tures, including luminaires, and permanently installed appli-(F) Furnace and Metal Air Duct Bonding Furnace and
ances shall not be required to withstand this test.metal circulating air ducts shall be bonded.

Each park trailer shall be subjected to the following:

552.58 Appliance Accessibility and Fastening (1) A continuity test to ensure that all metal parts are prop-
erly bondedEvery appliance shall be accessible for inspection, service,

(2) Operational tests to demonstrate that all equipment isrepair, and replacement without removal of permanent con-
properly connected and in working orderstruction. Means shall be provided to securely fasten appli-

(3) Polarity checks to determine that connections have beenances in place when the park trailer is in transit.
properly made

(4) Receptacles requiring GFCI protection shall be tested552.59 Outdoor Outlets, Fixtures, Including
for correct function by the use of a GFCI testing deviceLuminaires, Air-Cooling Equipment, and So On

(A) Listed for Outdoor Use Outdoor fixtures, including (B) Low-Voltage Circuits Low-voltage circuit conductors
luminaires, and equipment shall be listed for outdoor use. in each park trailer shall withstand the applied potential
Outdoor receptacle or convenience outlets shall be of a without electrical breakdown of a 1-minute, 500-volt or a
gasketed-cover type for use in wet locations. 1-second, 600-volt dielectric strength test. The potential shall

be applied between ungrounded and grounded conductors.
(B) Outside Heating Equipment, Air-Conditioning The test shall be permitted on running light circuits
Equipment, or Both A park trailer provided with a branch before the lights are installed, provided the unit’s outer cov-
circuit designed to energize outside heating equipment or ering and interior cabinetry have been secured. The braking
air-conditioning equipment, or both, located outside the park circuit shall be permitted to be tested before being connected
trailer, other than room air conditioners, shall have such to the brakes, provided the wiring has been completely se-
branch-circuit conductors terminate in a listed outlet box or cured.
disconnecting means located on the outside of the park
trailer. A label shall be permanently affixed within 150 mm
(6 in.) from the listed box or disconnecting means, and shall ARTICLE 553
contain the following information:

Floating Buildings
THIS CONNECTION IS FOR HEATING

AND/OR AIR-CONDITIONING EQUIPMENT.
THE BRANCH CIRCUIT IS RATED AT NOT MORE Summary of Changes

THAN AMPERES, AT VOLTS,
• 553.4: Revised to prohibit installation of service equip-60 HZ, CONDUCTOR AMPACITY.

ment on any floating building or floating structure.A DISCONNECTING MEANS SHALL BE
LOCATED WITHIN SIGHT OF THE EQUIPMENT. • 553.8(C): Revised to permit re-identification of insulated

conductors larger than 6 AWG or conductors in multicon-
The correct voltage and ampere rating shall be given. ductor cables as equipment grounding conductors.

The tag shall not be less than 0.51 mm (0.020 in.) thick
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553.8Article 553 — Floating Buildings

The intent of 553.4 is to ensure that supply conductors to a
floating building can be disconnected in an emergency, suchContents
as during a storm, when the floating building has to be movedI. General
quickly. A revision to this section for the 2005 Code prohibits553.1 Scope
service equipment from being installed on the floating build-553.2 Definition
ing and any other floating structure such as a wharf or pier.553.3 Application of Other Articles

Overcurrent protection for supply conductors is pro-II. Services and Feeders
vided, since these conductors may develop excessive leakage553.4 Location of Service Equipment
where located underwater or where a short circuit or ground553.5 Service Conductors
fault occurs.553.6 Feeder Conductors

553.7 Installation of Services and Feeders
(A) Flexibility 553.5 Service Conductors
(B) Wiring Methods One set of service conductors shall be permitted to serve

III. Grounding more than one set of service equipment.
553.8 General Requirements

553.6 Feeder Conductors(A) Grounding of Electrical and Nonelectrical Parts
(B) Installation and Connection of Equipment Each floating building shall be supplied by a single set of

Grounding Conductor feeder conductors from its service equipment.
(C) Identification of Equipment Grounding

Exception: Where the floating building has multiple occu-
Conductor

pancy, each occupant shall be permitted to be supplied by a
(D) Grounding Electrode Conductor Connection

single set of feeder conductors extended from the occupant’s
553.9 Insulated Neutral

service equipment to the occupant’s panelboard.
553.10 Equipment Grounding

(A) Electrical Systems 553.7 Installation of Services and Feeders
(B) Cord-Connected Appliances (A) Flexibility Flexibility of the wiring system shall be

553.11 Bonding of Non–Current-Carrying Metal Parts maintained between floating buildings and the supply con-
ductors. All wiring shall be installed so that motion of the
water surface and changes in the water level will not result

I. General in unsafe conditions.

553.1 Scope (B) Wiring Methods Liquidtight flexible metal conduit or
liquidtight flexible nonmetallic conduit with approved fit-This article covers wiring, services, feeders, and grounding
tings shall be permitted for feeders and where flexible con-for floating buildings.
nections are required for services. Extra-hard usage portable
power cable listed for both wet locations and sunlight resis-

553.2 Definition tance shall be permitted for a feeder to a floating building
Floating Building. A building unit as defined in Article where flexibility is required. Other raceways suitable for the
100 that floats on water, is moored in a permanent location, location shall be permitted to be installed where flexibility
and has a premises wiring system served through connection is not required.
by permanent wiring to an electricity supply system not

FPN: See 555.1 and 555.13.
located on the premises.

Where Type W cables from Table 400.4 are used, it is
553.3 Application of Other Articles necessary to verify that the cable is listed for use in wet

locations. Not all Type W cables are listed for wet locationWiring for floating buildings shall comply with the applica-
ble provisions of other articles of this Code, except as modi- application. Liquidtight flexible nonmetallic conduit with

approved fittings is permitted where flexible connectionsfied by this article.
are required.

II. Services and Feeders
III. Grounding553.4 Location of Service Equipment
553.8 General RequirementsThe service equipment for a floating building shall be located

adjacent to, but not in or on, the building or any floating Grounding at floating buildings shall comply with 553.8(A)
through (D).structure.
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553.9 Article 555 — Marinas and Boatyards

(B) Cord-Connected Appliances Where required to be(A) Grounding of Electrical and Nonelectrical Parts
Grounding of both electrical and nonelectrical parts in a grounded, cord-connected appliances shall be grounded by

means of an equipment grounding conductor in the cord andfloating building shall be through connection to a grounding
bus in the building panelboard. a grounding-type attachment plug.

(B) Installation and Connection of Equipment Ground- 553.11 Bonding of Non–Current-Carrying
ing Conductor The equipment grounding conductor shall Metal Parts
be installed with the feeder conductors and connected to a

All metal parts in contact with the water, all metal piping,grounding terminal in the service equipment.
and all non–current-carrying metal parts that may become
energized shall be bonded to the grounding bus in the pan-(C) Identification of Equipment Grounding Conduc-
elboard.tor The equipment grounding conductor shall be an insu-

lated copper conductor with a continuous outer finish that
is either green or green with one or more yellow stripes.

ARTICLE 555For conductors larger than 6 AWG, or where multiconductor
cables are used, re-identification of conductors as allowed in Marinas and Boatyards
250.119(A)(2)(b) and (A)(2)(c) or 250.119(B)(2) and (B)(3)
shall be permitted.

Summary of Changes
(D) Grounding Electrode Conductor Connection The

• 555.21: Revised to change ‘‘gasoline’’ to ‘‘motor fuel,’’
grounding terminal in the service equipment shall be

and to require all electrical wiring for power and lighting
grounded by connection through an insulated grounding

to be installed on the side of the wharf, pier, or dock
electrode conductor to a grounding electrode on shore.

opposite from the fuel piping system. New FPN added
referencing NFPA 30 and NFPA 303.

Section 553.8 was revised for the 2005 Code and subdivided
• 555.22: Added section to require repair facilities to com-

into four paragraphs in order to provide grounding require-
ply with Article 511 if marine craft located at the repair

ments in a better organized format. Grounding of electrical
facility contain flammable or combustible liquids or gases.

and nonelectrical parts must be connected to a grounding
bus at the building panelboard. An equipment grounding
conductor must be included in the feeder supplying the
building and connected to the grounding terminal at the Contents
service equipment. For conductor sizes 6 AWG and smaller,

555.1 Scopethe equipment grounding conductor must be provided with
555.2 Definitionsgreen insulation or green insulation with a yellow tracer. An
555.4 Distribution Systeminsulated grounding electrode conductor must be installed
555.5 Transformersbetween the service equipment and the grounding electrode
555.7 Location of Service Equipmenton shore.
555.9 Electrical Connections

555.10 Electrical Equipment Enclosures
(A) Securing and Supporting553.9 Insulated Neutral
(B) LocationThe grounded circuit conductor (neutral) shall be an insu-

555.11 Circuit Breakers, Switches, Panelboards, and Marinelated conductor identified in conformance with 200.6. The
Power Outletsneutral conductor shall be connected to the equipment

555.12 Load Calculations for Service and Feedergrounding terminal in the service equipment, and, except
Conductorsfor that connection, it shall be insulated from the equipment

555.13 Wiring Methods and Installationgrounding conductors, equipment enclosures, and all other
(A) Wiring Methodsgrounded parts. The neutral circuit terminals in the pan-
(B) Installationelboard and in ranges, clothes dryers, counter-mounted cook-

555.15 Groundinging units, and the like shall be insulated from the enclosures.
(A) Equipment to Be Grounded
(B) Type of Equipment Grounding Conductor553.10 Equipment Grounding
(C) Size of Equipment Grounding Conductor

(A) Electrical Systems All enclosures and exposed metal (D) Branch-Circuit Equipment Grounding Conductor
parts of electrical systems shall be bonded to the grounding (E) Feeder Equipment Grounding Conductors
bus.
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555.7Article 555 — Marinas and Boatyards

locations, including the GFCI requirements of 210.8(A)(3)
555.17 Disconnecting Means for Shore Power for outdoor receptacles, are applicable.

Connection(s)
(A) Type

555.2 Definitions(B) Location
555.19 Receptacles Electrical Datum Plane. The electrical datum plane is de-

(A) Shore Power Receptacles fined as follows:
(B) Other Than Shore Power

555.21 Motor Fuel Dispensing Stations — Hazardous Throughout Article 555, the physical location of electrical
(Classified) Locations equipment is referenced to the electrical datum plane, which

555.22 Repair Facilities — Hazardous (Classified) is used as a horizontal benchmark on land and on floating
Locations piers. The definition of electrical datum plane encompasses

555.23 Marine Hoists, Railways, Cranes, and areas subject to tidal movement and areas in which the water
Monorails level is affected only by conditions such as climate (rain or

snow fall) or by human intervention (the opening or closing
of dams and floodgates). In either case, the term covers the555.1 Scope
normal highest water level, such as astronomical high tides.

This article covers the installation of wiring and equipment The term does not cover extremes due to natural or manmade
in the areas comprising fixed or floating piers, wharves, disasters.
docks, and other areas in marinas, boatyards, boat basins,
boathouses, yacht clubs, boat condominiums, docking facili-
ties associated with residential condominiums, any multiple (1) In land areas subject to tidal fluctuation, the electrical
docking facility, or similar occupancies, and facilities that datum plane is a horizontal plane 606 mm (2 ft) above
are used, or intended for use, for the purpose of repair, the highest tide level for the area occurring under normal
berthing, launching, storage, or fueling of small craft and circumstances, that is, highest high tide.
the moorage of floating buildings. (2) In land areas not subject to tidal fluctuation, the electri-

Private, noncommercial docking facilities constructed cal datum plane is a horizontal plane 606 mm (2 ft)
or occupied for the use of the owner or residents of the above the highest water level for the area occurring
associated single-family dwelling are not covered by this under normal circumstances.
article. (3) The electrical datum plane for floating piers and landing

stages that are (a) installed to permit rise and fall re-FPN: See NFPA 303-2000, Fire Protection Standard for
sponse to water level, without lateral movement, andMarinas and Boatyards, for additional information.
(b) that are so equipped that they can rise to the datum
plane established for (1) or (2), is a horizontal plane

The requirements of Article 555 apply to public and private
762 mm (30 in.) above the water level at the floating

docking, storage, repair, and fueling facilities for small craft.
pier or landing stage and a minimum of 305 mm (12

The term small craft is not defined in the Code; however,
in.) above the level of the deck.

based on the scope of NFPA 303, Fire Protection Standard
Marine Power Outlet. An enclosed assembly that can in-for Marinas and Boatyards, the small craft include recre-
clude receptacles, circuit breakers, fused switches, fuses,ational and commercial boats, yachts, and other craft that
watt-hour meter(s), and monitoring means approved for ma-do not exceed 300 gross tons. For facilities that serve larger
rine use.craft and ships, see NFPA 307, Standard for the Construction

and Fire Protection of Marine Terminals, Piers, and
555.4 Distribution SystemWharves. See Article 553 for requirements for floating build-
Yard and pier distribution systems shall not exceed 600 voltsings, including floating dwelling units.
phase to phase.The requirements of Article 555 apply to stand-alone

boathouses except those constructed and used in association
555.5 Transformers

with a single-family dwelling. See 210.8(A)(8) for the GFCI
Transformers and enclosures shall be specifically approvedprotection requirement of 125-volt, single-phase, 15- and
for the intended location. The bottom of enclosures for trans-20-ampere receptacles installed in or on boathouses located
formers shall not be located below the electrical datum plane.at a single-family dwelling. Electrical installations on docks

and piers located at a single-family dwelling are not subject 555.7 Location of Service Equipment
to the requirements of Article 555; however, all applicable

The service equipment for floating docks or marinas shallrequirements in Chapters 1 through 4 for these outdoor, wet
be located adjacent to, but not on or in, the floating structure.

National Electrical Code Handbook 2005 883

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



555.9 Article 555 — Marinas and Boatyards

Table 555.12 Demand FactorsThe requirement covering service equipment location in
555.7 is similar to that in 553.4 for service equipment supply-

Number of Sum of the Rating of theing floating buildings.
Receptacles Receptacles (percent)

1–4 100
555.9 Electrical Connections 5–8 90

9–14 80All electrical connections shall be located at least 305 mm
15–30 70(12 in.) above the deck of a floating pier. All electrical

connections shall be located at least 305 mm (12 in.) above 31–40 60
the deck of a fixed pier but not below the electrical datum 41–50 50

51–70 40plane.
71-plus 30

555.10 Electrical Equipment Enclosures Notes:
1. Where shore power accommodations provide two receptacles spe-(A) Securing and Supporting Electrical equipment enclo-
cifically for an individual boat slip and these receptacles have differentsures installed on piers above deck level shall be securely
voltages (for example, one 30 ampere, 125 volt and one 50 ampere,

and substantially supported by structural members, indepen- 125/250 volt), only the receptacle with the larger kilowatt demand
shall be required to be calculated.dent of any conduit connected to them. If enclosures are not
2. If the facility being installed includes individual kilowatt-hourattached to mounting surfaces by means of external ears or
submeters for each slip and is being calculated using the criterialugs, the internal screw heads shall be sealed to prevent listed in Table 555.12, the total demand amperes may be multiplied

seepage of water through mounting holes. by 0.9 to achieve the final demand amperes.

(B) Location Electrical equipment enclosures on piers
shall be located so as not to interfere with mooring lines. 555.13 Wiring Methods and Installation

(A) Wiring Methods555.11 Circuit Breakers, Switches, Panelboards,
(1) General Wiring methods of Chapter 3 shall be permit-and Marine Power Outlets
ted where identified for use in wet locations.Circuit breakers and switches installed in gasketed enclo-

sures shall be arranged to permit required manual operation (2) Portable Power Cables Extra-hard usage portable
without exposing the interior of the enclosure. All such power cables rated not less than 167�F (75�C), 600 volts;
enclosures shall be arranged with a weep hole to discharge listed for both wet locations and sunlight resistance; and
condensation. having an outer jacket rated to be resistant to temperature

extremes, oil, gasoline, ozone, abrasion, acids, and chemicals
555.12 LoadCalculations for Service andFeeder shall be permitted as follows:
Conductors

(1) As permanent wiring on the underside of piers (floatingGeneral lighting and other loads shall be calculated in accor-
or fixed)dance with Article 220, and, in addition, the demand factors

(2) Where flexibility is necessary as on piers composed ofset forth in Table 555.12 shall be permitted for each service
floating sectionsand/or feeder circuit supplying receptacles that provide shore

power for boats. These calculations shall be permitted to be
Table 400.4 identifies Types G, PPE, and W as portablemodified as indicated in notes (1) and (2) to Table 555.12.
power cables suitable for extra-hard usage. The requirements
in 555.13(A)(2) for cable construction are necessary due toA revision to this section for the 2005 Code clarifies that
the cable’s exposure to extremes in weather conditions andthe use of the demand factors from Table 555.12 is permitted
to operational hazards such as oil and gasoline spills. Thebut not mandatory. It should be noted, however, that for
use of these cables on floating piers and docks provides thereceptacles that supply shore power for boats, the demand
necessary degree of flexibility to compensate for tidal andfactors of Table 555.12 are the only ones permitted by the
wave action.Code.

(3) Temporary Wiring Temporary wiring, except as per-FPN: These demand factors may be inadequate in areas
mitted by Article 590, shall not be used to supply power toof extreme hot or cold temperatures with loaded circuits

for heating, air-conditioning, or refrigerating equipment. boats.
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555.15Article 555 — Marinas and Boatyards

(5) Protection Rigid metal or nonmetallic conduit suitable(B) Installation
for the location shall be installed to protect wiring above(1) Overhead Wiring Overhead wiring shall be installed
decks of piers and landing stages and below the enclosureto avoid possible contact with masts and other parts of boats
that it serves. The conduit shall be connected to the enclosurebeing moved in the yard.
by full standard threads. The use of special fittings of nonme-Conductors and cables shall be routed to avoid wiring
tallic material to provide a threaded connection into enclo-closer than 6.0 m (20 ft) from the outer edge or any portion
sures on rigid nonmetallic conduit, employing joint designof the yard that can be used for moving vessels or stepping
as recommended by the conduit manufacturer, for attachmentor unstepping masts.
of the fitting to the conduit shall be acceptable, provided
the equipment and method of attachment are approved and(2) Outside Branch Circuits and Feeders Outside branch
the assembly meets the requirements of installation in dampcircuits and feeders shall comply with Article 225 except
or wet locations as applicable.that clearances for overhead wiring in portions of the yard

other than those described in 555.13(B)(1) shall not be less
than 5.49 m (18 ft) above grade. 555.15 Grounding

Wiring and equipment within the scope of this article shall(3) Wiring Over and Under Navigable Water Wiring
be grounded as specified in Article 250 and as required byover and under navigable water shall be subject to approval
555.15(A) through 555.15(E).by the authority having jurisdiction.

(A) Equipment to BeGrounded The following items shall
Some federal and local agencies, such as the Army Corps be connected to an equipment grounding conductor run with
of Engineers, the Coast Guard, or local harbormasters, have the circuit conductors in the same raceway, cable, or trench:
specific authority over navigable waterways. Therefore, ap-

(1) Metal boxes, metal cabinets, and all other metal enclo-proval of any proposed installation over or under such a
sureswaterway should be obtained from the appropriate authority.

(2) Metal frames of utilization equipment
(3) Grounding terminals of grounding-type receptacles

FPN: See NFPA 303-2000, Fire Protection Standard for
Marinas and Boatyards, for warning sign requirements. (B) Type of Equipment Grounding Conductor The

equipment grounding conductor shall be an insulated copper
(4) Portable Power Cables conductor with a continuous outer finish that is either green

or green with one or more yellow stripes. The equipment(a) Where portable power cables are permitted by
grounding conductor of Type MI cable shall be permitted555.13(A)(2), the installation shall comply with the
to be identified at terminations. For conductors larger thanfollowing:
6 AWG, or where multiconductor cables are used, re-
identification of conductors as allowed in 250.119(A)(2)(b)(1) Cables shall be properly supported.
and (A)(2)(c) or 250.119(B)(2) and (B)(3) shall be permitted.(2) Cables shall be located on the underside of the pier.

(3) Cables shall be securely fastened by nonmetallic clips
to structural members other than the deck planking. The provisions of 555.15(B) require an insulated equipment

(4) Cables shall not be installed where subject to physical grounding conductor that ensures a high-integrity path for
damage. ground-fault current. Because of the corrosive conditions in

(5) Where cables pass through structural members, they marinas and boatyards, metal raceways are not permitted to
shall be protected against chafing by a permanently serve as the sole equipment grounding conductor.
installed oversized sleeve of nonmetallic material.

(b) Where portable power cables are used as permitted (C) Size of Equipment Grounding Conductor The insu-
in 555.13(A)(2)(2), there shall be an approved junction box lated copper equipment grounding conductor shall be sized
of corrosion-resistant construction with permanently in- in accordance with 250.122 but not smaller than 12 AWG.
stalled terminal blocks on each pier section to which the
feeder and feeder extensions are to be connected. Metal (D) Branch-Circuit Equipment Grounding Conductor

The insulated equipment grounding conductor for branchjunction boxes and their covers, and metal screws and parts
that are exposed externally to the boxes, shall be of corro- circuits shall terminate at a grounding terminal in a remote

panelboard or the grounding terminal in the main servicesion-resistant materials or protected by material resistant to
corrosion. equipment.
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555.17 Article 555 — Marinas and Boatyards

(3) Branch Circuits Each single receptacle that supplies(E) Feeder Equipment Grounding Conductors Where a
feeder supplies a remote panelboard, an insulated equipment shore power to boats shall be supplied from a marine power

outlet or panelboard by an individual branch circuit of thegrounding conductor shall extend from a grounding terminal
in the service equipment to a grounding terminal in the voltage class and rating corresponding to the rating of the

receptacle.remote panelboard.

FPN: Supplying receptacles at voltages other than the
555.17 Disconnecting Means for Shore voltages marked on the receptacle may cause overheating

or malfunctioning of connected equipment, for example,Power Connection(s)
supplying single-phase, 120/240-volt, 3-wire loads from

Disconnecting means shall be provided to isolate each boat a 208Y/120-volt, 3-wire source.
from its supply connection(s).

Each single receptacle that supplies shore power to boats
(A) Type The disconnecting means shall be permitted to

must be supplied from an individual branch circuit. The
consist of a circuit breaker, switch, or both, and shall be

requirement for shore power receptacles to be supplied by
properly identified as to which receptacle it controls.

individual branch circuits can be met through the use of
multiwire branch circuits derived from single-phase, 3-wire(B) Location The disconnecting means shall be readily ac-
systems or from 3-phase, 4-wire systems. Although the un-cessible, located not more than 762 mm (30 in.) from the
grounded conductors of a multiwire branch circuit share thereceptacle it controls, and shall be located in the supply
same grounded (neutral) conductor, this configuration cancircuit ahead of the receptacle. Circuit breakers or switches
be considered multiple branch circuits in accordance withlocated in marine power outlets complying with this section
210.4(A). See the commentary following 300.13(B) regard-shall be permitted as the disconnecting means.
ing device removal for multiwire branch circuits.

Locking- and grounding-type receptacles and attach-
555.19 Receptacles ment caps must ensure proper connections to prevent unin-

tentional disconnection of on-board equipment, such as bilgeReceptacles shall be mounted not less than 305 mm (12 in.)
pumps, refrigerators, and so on.above the deck surface of the pier and not below the electrical

datum plane on a fixed pier.

(4) Ratings Shore power for boats shall be provided byIn accordance with 555.19, the location of enclosures for
single receptacles rated not less than 30 amperes.receptacles on fixed and floating piers is based on the electri-

cal datum plane, as defined in 555.2. For floating piers, the FPN: For locking- and grounding-type receptacles for
auxiliary power to boats, see NFPA 303-2000, Fire Pro-datum plane is 12 in. above the deck of the pier. The purpose
tection Standard for Marinas and Boatyards.of this requirement is to prevent submersion of receptacle

enclosures. (a) Receptacles rated not less than 30 amperes or more
The requirements for enclosures in 555.19(A)(1) ad- than 50 amperes shall be of the locking and grounding type.

dress their exposure to the severe weather (wind-driven rain)
and environmental conditions (splashing from breaking FPN: For various configurations and ratings of locking
waves or wakes) frequently encountered at marine locations. and grounding-type receptacles and caps, see ANSI/

NEMA 18WD 6-1989, National Electrical Manufacturers
Association’s Standard for Dimensions of Attachment
Plugs and Receptacles.

(A) Shore Power Receptacles
(b) Receptacles rated for 60 amperes or 100 amperes(1) Enclosures Receptacles intended to supply shore power

shall be of the pin and sleeve type.to boats shall be housed in marine power outlets listed as
marina power outlets or listed for set locations, or shall be FPN: For various configurations and ratings of pin and
installed in listed enclosures protected from the weather sleeve receptacles, see ANSI/UL 1686, UL Standard for

Safety Pin and Sleeve Configurations.or in listed weatherproof enclosures. The integrity of the
assembly shall not be affected when the receptacles are in
use with any type of booted or nonbooted attachment plug/ Single locking- and grounding-type receptacles are required
cap inserted. for providing shore power to boats. Exhibit 555.1 and Exhibit

406.3 together illustrate a complete chart of grounding-type
(2) Strain Relief Means shall be provided where necessary locking plug and receptacle configurations. Exhibit 555.2
to reduce the strain on the plug and receptacle caused by shows pin-and-sleeve-type receptacle configurations.
the weight and catenary angle of the shore power cord.
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555.23Article 555 — Marinas and Boatyards

(2) Marking Receptacles other than those supplying shore
power to boats shall be permitted to be housed in marine
power outlets with the receptacles that provide shore power
to boats, provided they are marked to clearly indicate that
they are not to be used to supply power to boats.

555.21 Motor Fuel Dispensing Stations —
Hazardous (Classified) Locations
Electrical wiring and equipment located at or serving motor
fuel dispensing stations shall comply with Article 514 in
addition to the requirements of this article. All electrical
wiring for power and lighting shall be installed on the side
of the wharf, pier, or dock opposite from the liquid piping
system.

Section 555.21 was expanded for the 2005 Code to require
all electrical wiring for power and lighting to be installed
on the opposite side of the wharf or pier from motor fuel
dispensers and fuel piping. In addition to the requirements
in Article 514, Section 6.3 in NFPA 303, Fire Protection
Standard for Marinas and Boatyards, and NFPA 30A, Code
for Motor Fuel Dispensing Facilities and Repair Garages,
contain requirements pertaining to gasoline dispensing facil-
ities and operations.

FPN: For additional information, see NFPA 303-2000,
Fire Protection Standard for Marinas and Boatyards,
and NFPA 30A-2003, Motor Fuel Dispensing Facilities
and Repair Garages.125/250-V, 3-pole, 4-wire NEMA SS-2

125-V, 2-pole, 3-wire NEMA SS-1

G

W

G

W

120/208-V 3-phase, 4-pole, 5-wire NEMA L21-30

125-V, 2-pole, 3-wire NEMA L5-30

125-V, 2-pole, 3-wire NEMA L5-20

G

W

G

W

W

X

G
Y

Z

G

W

W

X

Y

W

X

G
Y

Z

G

W

G

W

G

Y

20 amp

30 amp

30 amp

50 amp

50 amp

555.22 Repair Facilities — Hazardous
Exhibit 555.1 Typical configurations for single locking- and

(Classified) Locationsgrounding-type receptacles and attachment plug caps used to
provide shore power for boats in marinas and boatyards. These Electrical wiring and equipment located at facilities for the
configurations are 30 amperes to 50 amperes. repair of marine craft containing flammable or combustible

liquids or gases shall comply with Article 511 in addition
to the requirements of this article.

(B) Other Than Shore Power

(1) Ground-Fault Circuit-Interrupter (GFCI) Protec- Section 555.22 was added to the 2005 Code to require that
tion for Personnel Fifteen- and 20-ampere, single-phase, facilities for the repair of marine craft that contain flammable
125-volt receptacles installed outdoors, in boathouses, in or combustible liquids or gases comply with the require-
buildings used for storage, maintenance, or repair where ments of Article 511.
portable electrical hand tools, electrical diagnostic equip-
ment, or portable lighting equipment are to be used shall be
provided with GFCI protection for personnel. Receptacles 555.23 Marine Hoists, Railways, Cranes,
in other locations shall be protected in accordance with and Monorails
210.8(B).

Motors and controls for marine hoists, railways, cranes, and
monorails shall not be located below the electrical datum

Fifteen- and 20-ampere, single-phase, 125-volt receptacles, plane. Where it is necessary to provide electric power to a
other than those supplying shore power to boats and used mobile crane or hoist in the yard and a trailing cable is
for maintenance or other purposes at piers, wharves, and so utilized, it shall be a listed portable power cable rated for
on, may be of the general-purpose, nonlocking type and the conditions of use and be provided with an outer jacket
must be protected by GFCIs. See Exhibit 210.18. of distinctive color for safety.
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555.23 Article 590 — Temporary Installations

Exhibit 555.2 Typical configu-
rations for safety pin-and-
sleeve-type receptacles,
plugs, connectors, and power
inlets used to provide shore
power for boats in marinas and
boatyards. These configura-
tions are 60 amperes or 100
amperes.

Shore connection, front view Boat connection, front view
Receptacle Plug Connector Power inlet

100A 125/250V, 3-pole, 4-wire
Receptacle Plug Connector Power inlet

100A 120/208V, 3-phase-wye, 4-pole, 5-wire

L2 L1

N N N

L2L1

L2

L1

L2 L1

N

L1 L2

N

L2
L1

N

L1
L2

N

L3

L2

L1

L3

L3 L3

Receptacle Plug
Shore connection, front view

Connector Power inlet
Boat connection, front view

180° 180°

L2

L1

L1

L2
NNN N

180° 180°

L2

L1

L1

L2

(Views are of mating faces of devices.)

2P + N + ground, 60A, 125/250VAC

60°

Receptacle Plug
Shore connection, front view

N

60° 60°

N
N

60°

Connector Power inlet
Boat connection, front view

1P + N + ground, 60A, 125VAC

N N

N

N

ARTICLE 590 • 590.5:Added requirement for listing of decorative lighting
used for holiday or similar displays.Temporary Installations

Summary of Changes
• Relocated Article 527 as Article 590. Contents
• 590.4(B) and (C): Revised to include an exemption for 590.1 Scope

building construction type where Type NM or NMC cable 590.2 All Wiring Installations
is used for temporary installations, and to permit Type (A) Other Articles
NM and NMC cables to be used without concealment. (B) Approval

590.3 Time Constraints• 590.4(J): Added exception to permit trees as a support
method for overhead spans of branch circuits supplying (A) During the Period of Construction

(B) 90 Daysholiday lighting.
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590.4Article 590 — Temporary Installations

590.3 Time Constraints
(C) Emergencies and Tests

(A) During the Period of Construction Temporary elec-(D) Removal
trical power and lighting installations shall be permitted

590.4 General
during the period of construction, remodeling, maintenance,

(A) Services repair, or demolition of buildings, structures, equipment, or
(B) Feeders similar activities.
(C) Branch Circuits

(B) 90 Days Temporary electrical power and lighting in-(D) Receptacles
stallations shall be permitted for a period not to exceed 90(E) Disconnecting Means
days for holiday decorative lighting and similar purposes.(F) Lamp Protection

(G) Splices
Note that the 90-day time limit in 590.3(B) applies only(H) Protection from Accidental Damage
to temporary electrical installations associated with holiday(I) Termination(s) at Devices
displays. Construction and emergency and test temporary

(J) Support
wiring installations are not bound by this time limit.

590.5 Listing of Decorative Lighting
590.6 Ground-Fault Protection for Personnel

(C) Emergencies and Tests Temporary electrical power(A) Receptacle Outlets
and lighting installations shall be permitted during emergen-(B) Use of Other Outlets
cies and for tests, experiments, and developmental work.590.7 Guarding

(D) Removal Temporary wiring shall be removed immedi-
ately upon completion of construction or purpose for which

590.1 Scope the wiring was installed.
The provisions of this article apply to temporary electrical
power and lighting installations. Due to the modifications permitted by Article 590, temporary

wiring installations may not meet all of the requirements
590.2 All Wiring Installations for a permanent installation. Therefore, all temporary wiring

not only must be disconnected but also must be removed(A) Other Articles Except as specifically modified in this
from the building, structure, or other location of installation.article, all other requirements of this Code for permanent

wiring shall apply to temporary wiring installations.

590.4 General
Temporary installations of electrical equipment must be in- (A) Services Services shall be installed in conformance
stalled in accordance with all applicable permanent installa- with Article 230.
tion requirements except as modified by the rules in this

(B) Feeders Overcurrent protection shall be provided inarticle. For example, the requirements of 300.15 specify that
accordance with 240.4, 240.5, 240.100, and 240.101. Theya box or other enclosure must be used where splices are
shall originate in an approved distribution center. Conductorsmade. This rule is amended by 590.4(G, which, for construc-
shall be permitted within cable assemblies or within multi-tion sites, permits splices to be made in multiconductor cords
conductor cords or cables of a type identified in Table 400.4and cables without the use of a box.
for hard usage or extra-hard usage. For the purpose of this
section, Type NM and Type NMC cables shall be permitted

(B) Approval Temporary wiring methods shall be accept- to be used in any dwelling, building, or structure without
any height limitation or limitation by building constructionable only if approved based on the conditions of use and

any special requirements of the temporary installation. type and without concealment within walls, floors, or ceil-
ings.

The provisions of 590.2(B) require that all temporary wiring
methods be approved based on criteria such as length of Section 590.4(B) was revised for the 2005 Code by allowing

Type NM and Type NMC cable to be used in any buildingtime in service, severity of physical abuse, exposure to
weather, and other special requirements. Special require- or structure regardless of building height and construction

type in which the cable is used. This change appeared as aments may range from tunnel construction projects and tent
cities constructed after a natural disaster to flammable haz- Tentative Interim Amendment, dated October 23, 2002, for

the 2002 Code.ardous material reclamation projects.
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590.4 Article 590 — Temporary Installations

(D) Receptacles All receptacles shall be of the groundingTemporary feeders are permitted to be cable assemblies,
multiconductor cords, or single-conductor cords. Cords used type. Unless installed in a continuous grounded metal race-

way or metal-covered cable, all branch circuits shall containas feeders must be identified for hard or extra-hard usage
according to Table 400.4. Individual conductors, as de- a separate equipment grounding conductor, and all recepta-

cles shall be electrically connected to the equipment ground-scribed in Table 310.13, are not permitted as open conductors
but, rather, must be part of a cable assembly or used in a ing conductors. Receptacles on construction sites shall not

be installed on branch circuits that supply temporary lighting.raceway system. Open or individual conductor feeders are
permitted only during emergencies or tests. Receptacles shall not be connected to the same ungrounded

conductor of multiwire circuits that supply temporaryAll temporary wiring methods must be approved by the
authority having jurisdiction. [See 590.2(B).] lighting.

The intent of the branch-circuit provisions in 590.4(D) is
to require separate ungrounded conductors for lighting andException: Single insulated conductors shall be permitted
receptacle loads so that the activation of a fuse, circuitwhere installed for the purpose(s) specified in 590.3(C),
breaker, or GFCI, due to a fault or equipment overload, doeswhere accessible only to qualified persons.
not de-energize the lighting circuit.

(C) Branch Circuits All branch circuits shall originate in
an approved power outlet or panelboard. Conductors shall be

(E) DisconnectingMeans Suitable disconnecting switchespermitted within cable assemblies or within multiconductor
or plug connectors shall be installed to permit the discon-cord or cable of a type identified in Table 400.4 for hard
nection of all ungrounded conductors of each temporaryusage or extra-hard usage. Conductors shall be protected
circuit. Multiwire branch circuits shall be provided with afrom overcurrent as provided in 240.4, 240.5, and 240.100.
means to disconnect simultaneously all ungrounded conduc-For the purposes of this section, Type NM and Type NMC
tors at the power outlet or panelboard where the branchcables shall be permitted to be used in any dwelling, building,
circuit originated. Approved handle ties shall be permitted.or structure without any height limitation or limitation by

building construction type and without concealment within (F) Lamp Protection All lamps for general illumination
walls, floors, or ceilings. shall be protected from accidental contact or breakage by a

suitable fixture or lampholder with a guard.
Section 590.4(C) was revised for the 2005 Code by allowing Brass shell, paper-lined sockets, or other metal-cased
Type NM and Type NMC cable to be used in any building sockets shall not be used unless the shell is grounded.
or structure regardless of the height or construction type of

(G) Splices On construction sites, a box shall not be re-the building in which the cable is used. This change appeared
quired for splices or junction connections where the circuitas a Tentative Interim Amendment, dated October 23, 2002,
conductors are multiconductor cord or cable assemblies,for the 2002 Code.
provided that the equipment grounding continuity is main-The basic requirement for safety in 590.4(C) is that
tained with or without the box. See 110.14(B) and 400.9. Atemporary wiring be located and installed so that it will
box, conduit body, or terminal fitting having a separatelynot be physically damaged. In accordance with 590.2(A),
bushed hole for each conductor shall be used wherever atemporary wiring must be installed in accordance with the
change is made to a conduit or tubing system or a metal-appropriate Chapter 3 article for the wiring method em-
sheathed cable system.ployed (unless modified in Article 590).

Note that hard-usage or extra-hard-usage extension (H) Protection from Accidental Damage Flexible cords
cords are permitted to be laid on the floor. and cables shall be protected from accidental damage. Sharp

corners and projections shall be avoided. Where passing
through doorways or other pinch points, protection shall be
provided to avoid damage.Exception: Branch circuits installed for the purposes speci-

fied in 590.3(B) or 590.3(C) shall be permitted to be run
as single insulated conductors. Where the wiring is installed Unlike the requirement in 400.8, flexible cords and cables,
in accordance with 590.3(B), the voltage to ground shall because of the nature of their use, are permitted to pass
not exceed 150 volts, the wiring shall not be subject to through doorways, in accordance with 590.4(H).
physical damage, and the conductors shall be supported on
insulators at intervals of not more than 3.0 m (10 ft); or,

(I) Termination(s) at Devices Flexible cords and cablesfor festoon lighting, the conductors shall be so arranged
that excessive strain is not transmitted to the lampholders. entering enclosures containing devices requiring termination
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590.6Article 590 — Temporary Installations

shall be secured to the box with fittings designed for the structure and is used for temporary electric power, ground-
fault circuit-interrupter protection for personnel shall be pro-purpose.
vided. For the purposes of this section, cord sets or devices

(J) Support Cable assemblies and flexible cords and cables
incorporating listed ground-fault circuit interrupter pro-

shall be supported in place at intervals that ensure that they
tection for personnel identified for portable use shall be

will be protected from physical damage. Support shall be
permitted.

in the form of staples, cable ties, straps, or similar type
fittings installed so as not to cause damage. Vegetation shall Exception: In industrial establishments only, where condi-
not be used for support of overhead spans of branch circuits tions of maintenance and supervision ensure that only quali-
or feeders. fied personnel are involved, an assured equipment grounding

conductor program as specified in 590.6(B)(2) shall be per-
mitted for only those receptacle outlets used to supply equip-Section 590.4(J), Exception was added to the 2005 Code to
ment that would create a greater hazard if power wasallow holiday lighting to be installed and supported by trees
interrupted or having a design that is not compatible withfor a period of not more than 90 days, provided the wiring
GFCI protection.is arranged with proper strain relief devices, tension take-

up devices, or other means to prevent damage to the conduc-
(B) Use of Other Outlets Receptacles other than 125-volt,tors from the tree swaying.
single-phase, 15-, 20-, and 30-ampere receptacles shall haveAccording to 590.4(J), temporary wiring methods do
protection in accordance with (B)(1) or the assured equip-not have to be supported in accordance with the permanent
ment grounding conductor program in accordance withinstallation requirements (from Chapter 3) for the particular
(B)(2).wiring method. It should be noted that the temporary wiring

must be removed upon completion of construction and ade-
(1) GFCI Protection Ground-fault circuit interrupter pro-quate support is needed only to minimize the possibility of
tection for personnel.damage to the wiring method during its temporary period

of use. It is not permitted to use vegetation as a support (2) Assured Equipment Grounding Conductor Pro-
structure for overhead spans of branch-circuit and feeder gram A written assured equipment grounding conductor
conductors. program continuously enforced at the site by one or more

designated persons to ensure that equipment grounding con-
ductors for all cord sets, receptacles that are not a partException: For holiday lighting in accordance with
of the permanent wiring of the building or structure, and590.3(B), where the conductors or cables are arranged with
equipment connected by cord and plug are installed andproper strain relief devices, tension take-up devices, or other
maintained in accordance with the applicable requirementsapproved means to avoid damage from the movement of the
of 250.114, 250.138, 406.3(C), and 590.4(D).live vegetation, trees shall be permitted to be used for support

of overhead spans of branch circuit conductors or cables. (a) The following tests shall be performed on all cord
sets, receptacles that are not part of the permanent wiring590.5 Listing of Decorative Lighting
of the building or structure, and cord-and-plug-connected

Decorative lighting used for holiday lighting and similar equipment required to be grounded:
purposes, in accordance with 590.3(B), shall be listed.

(1) All equipment grounding conductors shall be tested for590.6 Ground-Fault Protection for Personnel
continuity and shall be electrically continuous.

Ground-fault protection for personnel for all temporary wir- (2) Each receptacle and attachment plug shall be tested for
ing installations shall be provided to comply with 590.6(A) correct attachment of the equipment grounding conduc-
and 590.6(B). This section shall apply only to temporary tor. The equipment grounding conductor shall be con-
wiring installations used to supply temporary power to nected to its proper terminal.
equipment used by personnel during construction, remodel- (3) All required tests shall be performed as follows:
ing, maintenance, repair, or demolition of buildings, struc-

a. Before first use on sitetures, equipment, or similar activities.
b. When there is evidence of damage

(A) Receptacle Outlets All 125-volt, single-phase, 15-, c. Before equipment is returned to service following
20-, and 30-ampere receptacle outlets that are not a part of any repairs
the permanent wiring of the building or structure and that are d. At intervals not exceeding 3 months
in use by personnel shall have ground-fault circuit interrupter
protection for personnel. If a receptacle(s) is installed or (b) The tests required in item (2)(a) shall be recorded

and made available to the authority having jurisdiction.exists as part of the permanent wiring of the building or
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590.6 Article 590 — Temporary Installations

Due to the more severe environmental conditions often en-
countered by personnel using temporary wiring while per-
forming activities such as construction, remodeling,
maintenance, repair, and demolition, there is generally an
elevated exposure to electrical shock or electrocution haz-
ards. The requirement of 590.6(A) for GFCI protection of
all temporarily installed, 125-volt, single-phase, 15-, 20-,
and 30-ampere receptacles is intended to protect personnel
using these receptacles from shock hazards that may be
encountered during construction and maintenance activities.

The exception to 590.6(A) is limited in scope and appli-
cation. The exception applies only to those industrial occu-
pancies in which qualified persons will be using 125-volt,
single-phase, 15-, 20-, and 30-ampere receptacles. Addition-
ally, either the nature of the equipment being supplied by Exhibit 590.1 A raintight GFCI with open neutral protection that

is designed for use on the line end of a flexible cord. (Courtesythese receptacles has to be of such importance that the hazard
of Pass & Seymour/Legrand�)of power interruption outweighs the benefits of GFCI protec-

tion or the equipment has been demonstrated to be incompat-
ible with the proper operation of GFCI protective devices.
In those instances where the conditions specified by the
exception are present, the use of the assured equipment
grounding conductor program specified in 590.6(B)(2) is
permitted. An electrically operated air supply for personnel
working in toxic environments is an example of where the
loss of power is the greater hazard. Some electrically oper-
ated testing equipment has proved to be incompatible with
GFCI protection.

Receptacle configurations, other than the 125-volt, sin-
gle-phase, 15-, 20-, and 30-ampere types, must be GFCI
protected or installed and maintained in accordance with the
assured equipment grounding conductor program of
590.6(B)(2).

According to OSHA 29 CFR 1926.404(b)(1)(iii):

The employer shall establish and implement an assured
equipment grounding conductor program on construc-
tion sites covering all cord sets, receptacles which are Exhibit 590.2 A temporary power outlet unit commonly used on

construction sites with a variety of configurations, including GFCInot a part of the building or structure, and equipment
protection. (Courtesy of Hubbell, Inc.)connected by cord and plug which are available for

use or used by employees. This program shall comply
with the following minimum requirements:

(A) A written description of the program, includ-
ing the specific procedures adopted by the employer,
shall be available at the jobsite for inspection and
copying by the Assistant Secretary and any affected
employee.

(B) The employer shall designate one or more
competent persons.

These OSHA requirements are very similar to the pres-
ent NEC requirements for an assured grounding program. Exhibit 590.3 A watertight plug and connector used to prevent

GFCI protection for construction or maintenance per- tripping of GFCI protective devices in wet or damp weather.
(Courtesy of Hubbell, Inc.)sonnel using receptacles that are part of the permanent wiring
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590.7Article 590 — Temporary Installations

and that are not GFCI protected may be provided by using
cord sets or listed portable GFCIs identified for portable
use. An example of a GFCI cord set that is identified for
portable use is shown in Exhibit 590.1.

Exhibits 590.1 through 590.4 show some examples of
ways to implement the temporary wiring requirements of
590.6.

590.7 Guarding
For wiring over 600 volts, nominal, suitable fencing, barri-
ers, or other effective means shall be provided to limit access
only to authorized and qualified personnel.

Exhibit 590.4 A 15-ampere duplex receptacle with integral GFCI
that also protects downstream loads. (Courtesy of Pass & Sey-
mour/Legrand�)
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6
Special Equipment

896Article 600 Electric Signs and Outline 959Article 647 Sensitive Electronic Equipment
961Article 650 Pipe OrgansLighting

905Article 604 Manufactured Wiring Systems 961Article 660 X-Ray Equipment
964Article 665 Induction and Dielectric Heating908Article 605 Office Furnishings (Consisting of

Lighting Accessories and Wired Equipment
970Article 668 Electrolytic CellsPartitions)

909Article 610 Cranes and Hoists 974Article 669 Electroplating
974Article 670 Industrial Machinery916Article 620 Elevators, Dumbwaiters,

Escalators, Moving Walks, 977Article 675 Electrically Driven or Controlled
Irrigation MachinesWheelchair Lifts, and Stairway

Chair Lifts 981Article 680 Swimming Pools, Fountains, and
Similar Installations933Article 625 Electric Vehicle Charging System

942Article 630 Electric Welders 1011Article 682 Natural and Artificially Made
Bodies of Water946Article 640 Audio Signal Processing,

Amplification, and Reproduction 1013Article 685 Integrated Electrical Systems
1014Article 690 Solar Photovoltaic SystemsEquipment

955Article 645 Information Technology 1036Article 692 Fuel Cell Systems
1040Article 695 Fire PumpsEquipment
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Article 600 — Electric Signs and Outline Lighting

ARTICLE 600 600.10 Portable or Mobile Signs
(A) SupportElectric Signs and Outline Lighting
(B) Attachment Plug
(C) Wet or Damp Location

Summary of Changes (D) Dry Location
• 600.1: Revised to include all installations and equipment 600.12 Field-Installed Secondary Wiring

using neon tubing, such as signs, decorative elements, 600.21 Ballasts, Transformers, and Electronic Power
skeleton tubing, or art forms within the scope. Supplies

• 600.2: Added new definition for section sign. (A) Accessibility
(B) Location• 600.12: Added requirement for field-installed secondary
(C) Wet Locationcircuit wiring of section signs.
(D) Working Space• 600.24: Added requirement that signs and outline lighting
(E) Attic and Soffit Locationssystems supplied by Class 2 transformers, etc., also com-
(F) Suspended Ceilingsply with Article 725.

600.22 Ballasts
(A) Type
(B) Thermal Protection

Contents 600.23 Transformers and Electronic Power Supplies
(A) TypeI. General

600.1 Scope (B) Secondary-Circuit Ground-Fault Protection
600.2 Definitions (C) Voltage
600.3 Listing (D) Rating

(A) Field-Installed Skeleton Tubing (E) Secondary Connection
(B) Outline Lighting (F) Marking

600.4 Markings 600.24 Class 2 Power Sources
(A) Signs and Outline Lighting Systems II. Field-Installed Skeleton Tubing
(B) With Incandescent Lamp Holders 600.30 Applicability

600.5 Branch Circuits 600.31 Neon-Secondary-Circuit Conductors, 1000
(A) Required Branch Circuit Volts or Less, Nominal
(B) Rating (A) Wiring Method
(C) Wiring Methods (B) Insulation and Size

600.6 Disconnects (C) Number of Conductors in Raceway
(A) Location (D) Installation
(B) Control Switch Rating

(E) Protection of Leads
600.7 Grounding

600.32 Neon Secondary Circuit Conductors, Over 1000
(A) Flexible Metal Conduit Length

Volts, Nominal
(B) Small Metal Parts

(A) Wiring Methods(C) Nonmetallic Conduit
(B) Insulation and Size(D) Bonding Conductors
(C) Installation(E) Metal Building Parts
(D) Bends in Conductors(F) Signs in Fountain
(E) Spacing600.8 Enclosures
(F) Insulators and Bushings(A) Strength
(G) Conductors in Raceways(B) Material
(H) Between Neon Tubing and Midpoint Return(C) Minimum Thickness of Enclosure Metal
(I) Dwelling Occupancies(D) Protection of Metal
(J) Length of Secondary Circuit Conductors600.9 Location

600.41 Neon Tubing(A) Vehicles
(A) Design(B) Pedestrians
(B) Support(C) Adjacent to Combustible Materials

(D) Wet Location (C) Spacing Accessibility
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600.2Article 600 — Electric Signs and Outline Lighting

600.2 Definitions
600.42 Electrode Connections

Electric-Discharge Lighting. Systems of illumination uti-(A) Accessibility
lizing fluorescent lamps, high-intensity discharge (HID)(B) Electrode Connections
lamps, or neon tubing.(C) Support

(D) Receptacles Neon Tubing. Electric-discharge tubing manufactured into
(E) Bushings shapes that form letters, parts of letters, skeleton tubing,
(F) Wet Locations outline lighting, other decorative elements, or art forms, and
(G) Electrode Enclosures filled with various inert gases.

Section Sign. A sign or outline lighting system, shipped as
subassemblies, that requires field-installed wiring betweenI. General
the subassemblies to complete the overall sign.

600.1 Scope
This article covers the installation of conductors and equip- In many cases, the size or other logistical factors affecting the
ment for electric signs and outline lighting. All installations installation of an electric sign dictate that it be constructed in
and equipment using neon tubing, such as signs, decorative multiple factory-wired subassemblies that can be assembled
elements, skeleton tubing, or art forms, are covered by this at the sign-installation location. The subassemblies may be
article. physically joined to form a single sign unit, or they may be

installed as separate parts of an overall sign. The new defini-
tion of section sign clarifies that the multiple parts of a sectionArticle 600 provides construction and installation require-
sign are referred to as subassemblies and the only field wiringments for electric signs and outline lighting. Covered
involved are the connections between subassemblies and con-under these requirements are signs of the fixed, stationary,
nection of the subassemblies to the power source.and portable self-contained type. Electric signs and outline

The power source may be a line voltage branch circuitlighting frequently include sources of illumination identical
or the secondary wiring from a sign power supply. In accord-to those of luminaires; however, the structure and electrical
ance with 600.3, section signs are required to be listed. Inoperation of many of today’s electric signs are far more
accordance with UL 48, Electric Signs, each subassemblycomplex than simply a set of fluorescent lamps within
is provided with installation instructions containing detailedan enclosure. The terms electric sign and outline lighting
information on the mechanical and electrical connectionsas defined in Article 100 clearly distinguish the function
that will be performed when the subassemblies are installedand use of equipment covered by the requirements of
to form the completed section sign. A section sign, trans-Article 600 from the equipment covered by the require-
ported in multiple subassemblies, is shown in Exhibit 600.1.ments of Article 410. It should be noted, however, that
The size of this sign requires that it be constructed in multiple600.3(B) does defer to the requirements of Chapters 3 and
sections and assembled at the installation site.4 where individual listed luminaires are used for outline

lighting.
Section 600.1 has been revised to clearly describe the

types of equipment covered by the requirements of this
article and now includes text that was formerly expressed
as a nonmandatory fine print note to 600.1. Neon tubing is
used extensively in today’s sign industry, and its uses go far
beyond the typical electric sign or outline lighting applica-
tions. Today, decorative and artistic use of neon tubing is
extremely popular, and it is being installed indoors and out-
doors to enhance the appearance of buildings and structures.
These neon art forms are mounted on enclosures, sign bodies,
and other support structures, or they may be field-installed
skeleton tubing. Depending on how these neon art forms
are constructed and installed, they are subject to either the
requirements of Part I or the requirements of Parts I and II
of Article 600. The revised scope statement makes it clear
that all neon installations and applications are covered by Exhibit 600.1 Example of a section sign. (Courtesy of Kieffer &

Co. Inc.)the requirements of Article 600.
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600.3 Article 600 — Electric Signs and Outline Lighting

building) that has not been listed is permitted to be field-Sign Body. A portion of a sign that may provide protection
from the weather but is not an electrical enclosure. installed by 600.3(A), provided the installation is done in

accordance with the applicable requirements of the Code.
Skeleton Tubing. Neon tubing that is itself the sign or In 600.3(B), installation of unlisted outline lighting systems
outline lighting and not attached to an enclosure or sign constructed of listed lighting fixtures is permitted, provided
body. the installation is performed in accordance with Chapters 3

and 4 of the Code.
600.3 Listing
Electric signs, section signs, and outline lighting — fixed,

600.4 Markingsmobile, or portable — shall be listed and installed in
conformance with that listing, unless otherwise approved by (A) Signs and Outline Lighting Systems Signs and out-
special permission. line lighting systems shall be marked with the manufacturer’s

name, trademark, or other means of identification; and input
(A) Field-Installed Skeleton Tubing Field-installed skele- voltage and current rating.
ton tubing shall not be required to be listed where installed
in conformance with this Code. (B) With Incandescent Lamp Holders Signs and outline

lighting systems with incandescent lamp holders shall be
(B) Outline Lighting Outline lighting shall not be required marked to indicate the maximum allowable wattage of
to be listed as a system when it consists of listed luminaires lamps. The markings shall be permanently installed, in letters
(lighting fixtures) wired in accordance with Chapter 3. at least 6 mm (1⁄4 in.) high, and shall be located where visible

during relamping.
Section 600.3 requires listing of electric signs and outline
lighting unless the sign or lighting is approved through spe- 600.5 Branch Circuits
cial permission (i.e., written consent) from the authority

(A) Required Branch Circuit Each commercial buildinghaving jurisdiction. Electric signs come in many different
and each commercial occupancy accessible to pedestrianstypes and configurations and, depending on their construc-
shall be provided with at least one outlet in an accessibletion and operation, contain electrical components such as
location at each entrance to each tenant space for sign ortransformers, ballasts, fluorescent lamps, channel letters,
outline lighting system use. The outlet(s) shall be suppliedplastic faces, neon tubing, glass tube supports, raceways,
by a branch circuit rated at least 20 amperes that suppliesglass cups or insulating boots (if provided), and in some
no other load. Service hallways or corridors shall not becases factory-installed disconnecting means. Like other re-
considered accessible to pedestrians.quirements in the NEC specifying listed products, construc-

tion and evaluation of electric signs in accordance with a
recognized product standard and field installation in accor- Electric signs and outline lighting to attract the attention of

consumers are used extensively by commercial enterprises.dance with instructions provided as part of the product listing
help ensure that electrical equipment does not pose a shock The need for an accessible provision to facilitate the connec-

tion of an electric sign at a commercial building is coveredor fire hazard.
Section signs, which may be large signs constructed in by 600.5(A). A 20-ampere outlet on a circuit dedicated to

the purpose of supplying an electric sign(s) is required tomultiple sections or remote wired letters, are often trans-
ported in several parts from the factory to the location where be installed at the entrance to single-occupant commercial

buildings and at the entrance to each occupancy of multiple-they are to be field-assembled into a single sign. According
to the definition of section sign in 600.2, the individual parts occupant commercial buildings (e.g., shopping malls). This

requirement is not contingent on whether an electric sign willof a section sign are subassemblies. The subassemblies are
wired together in the field to form the completed section be installed at the time an occupant moves into a commercial

space, since it is not uncommon for an electric sign to besign. The applicable product standard (UL 48; see Annex A)
specifies that all necessary materials and detailed installation installed after the space is occupied or when a new occupant

moves into an existing space. For branch circuit, feeder andinstructions, often including wiring and assembly diagrams,
be included with each subassembly. At its installation desti- service calculations, a minimum load of 1200 VA per 20-

ampere sign branch circuit is required to be added. Due tonation, the installer and the approving authority must verify
that the section sign installation complies with all applicable the nature of their use, electric signs are considered to be

continuous loads, and as such the conductors and overcurrentrequirements of theCode and that the assembly of the section
sign is in conformity with the installation instructions. devices supplying sign loads have to be adjusted in size

accordingly.Skeleton tubing (neon tubing mounted directly on a
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600.6Article 600 — Electric Signs and Outline Lighting

(B) Rating Branch circuits that supply signs shall be rated (A) Location
in accordance with 600.5(B)(1) or (B)(2). (1) Within Sight of the Sign The disconnecting means

shall be within sight of the sign or outline lighting system
(1) Incandescent and Fluorescent Branch circuits that

that it controls. Where the disconnecting means is out of
supply signs and outline lighting systems containing incan-

the line of sight from any section that is able to be energized,
descent and fluorescent forms of illumination shall be rated

the disconnecting means shall be capable of being locked
not to exceed 20 amperes.

in the open position.

(2) Neon Branch circuits that supply neon tubing installa-
The requirement of 600.6(A)(1) covers sign installationstions shall not be rated in excess of 30 amperes.
where the branch circuit or feeder is run directly to the sign.
Each branch circuit or feeder supplying a sign must haveBranch circuits that supply electric signs are limited by
an externally operable switch or circuit breaker to open600.5(B)(1) and 600.5(B)(2) to ratings of 20 and 30 amperes,
the ungrounded conductors. Two options are permitted forrespectively. Large signs often have load requirements that
locating the sign disconnecting means. The disconnectingexceed the ratings permitted by 600.5(B). It is typical for
means is required either to be located within sight of thesigns having large electrical loads to be supplied by a feeder
sign or to be equipped with the provision to lock it in thethat in turn supplies branch circuits operating within the
open position. Exhibit 600.2 depicts a sign with two supplyparameters specified by this requirement. In some cases,
circuits, which could be feeders or branch circuits. Eachparticularly for signs installed along highways, a utility ser-
circuit is provided with an externally operable switch locatedvice dedicated to the sign is provided. The rating of the
within sight of the sign.feeder or service is not limited by this requirement.

Exhibit 600.3 illustrates three compliant alternatives.
The supply circuit disconnecting means shown in Example
1 is externally operable and located at and within sight of(C) Wiring Methods Wiring methods used to supply signs
the sign. The disconnecting means in Example 2 is externallyshall comply with 600.5(C)(1), (C)(2), and (C)(3).
operable, and its location, though not at or on the sign, is
acceptable because it meets the Article 100 definition of(1) Supply The wiring method used to supply signs and
within sight. Where the disconnecting means is not locatedoutline lighting systems shall terminate within a sign, an
within sight of the sign, as shown in Example 3, it is requiredoutline lighting system enclosure, a suitable box, or a conduit
to be located within sight of the controller and must bebody.
capable of being locked in the open position.

(2) Enclosures as Pull Boxes Signs and transformer enclo-
sures shall be permitted to be used as pull or junction boxes
for conductors supplying other adjacent signs, outline light-
ing systems, or floodlights that are part of a sign and shall
be permitted to contain both branch and secondary circuit
conductors.

(3) Metal Poles Metal poles used to support signs shall be
permitted to enclose supply conductors, provided the poles
and conductors are installed in accordance with 410.15(B).

600.6 Disconnects
Each sign and outline lighting system, or feeder circuit or
branch circuit supplying a sign or outline lighting system,
shall be controlled by an externally operable switch or circuit
breaker that will open all ungrounded conductors. Signs and
outline lighting systems located within fountains shall have
the disconnect located in accordance with 680.12.

NEC®

Feeder or branch circuit(s) supplying sign

Disconnect
for each
supply
circuit

Exception No. 1: A disconnecting means shall not be re-
quired for an exit directional sign located within a building.

Exhibit 600.2 Supply circuit disconnecting means located at or
Exception No. 2: A disconnecting means shall not be re- on an electric sign.
quired for cord-connected signs with an attachment plug.
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600.6 Article 600 — Electric Signs and Outline Lighting

Exhibit 600.3 Three accept-
able methods of providing the
disconnecting means for an
electric sign.

NEC®

Disconnect
at sign

Sign feeder or branch circuit

Example 1

NEC®

NEC®

Example 2

Example 3

Wiring may
be internal to
sign post.

Wiring may
be internal to
sign post.

Permanent
service pole

Service
disconnecting
means and
sign controller

Within
sight

Sign
controller

Disconnecting means
capable of being
locked in the open position

Within
sight

To service

Sign not within sight of the sign controller

(2) Within Sight of the Controller The following shall For signs or outline lighting systems operated by mechanical
apply for signs or outline lighting systems operated by elec- or electromechanical controllers located external to the sign,
tronic or electromechanical controllers located external to the disconnecting means is required to be located within
the sign or outline lighting system: sight of or in the same enclosure as the controller and must

be capable of being locked in the open position. This require-(1) The disconnecting means shall be permitted to be lo-
ment enhances safe working conditions for persons servicingcated within sight of the controller or in the same enclo-
the controller or the sign.sure with the controller.

(2) The disconnecting means shall disconnect the sign or
outline lighting system and the controller from all un- (B) Control Switch Rating Switches, flashers, and similar

devices controlling transformers and electronic power sup-grounded supply conductors.
(3) The disconnecting means shall be designed such that plies shall be rated for controlling inductive loads or have

a current rating not less than twice the current rating of theno pole can be operated independently and shall be
capable of being locked in the open position. transformer.
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600.9Article 600 — Electric Signs and Outline Lighting

FPN: See 404.14 for rating of snap switches. (B) Small Metal Parts Small metal parts not exceeding
50 mm (2 in.) in any dimension, not likely to be energized,
and spaced at least 19 mm (3⁄4 in.) from neon tubing shallA switching device that controls the primary circuit of a
not require bonding.transformer supplying a luminous gas tube is subject to a

highly inductive load that causes severe arcing of its contacts.
(C) Nonmetallic Conduit Where listed nonmetallic con-Therefore, the switch or flasher is required to be rated for
duit is used to enclose the secondary circuit conductor fromthe inductive load (a general-use ac snap switch used in
a transformer or power supply and a bonding conductor isaccordance with 404.14 is permitted) or must have a current
required, the bonding conductor shall be installed separaterating that is at least twice the current rating of the trans-
and remote from the nonmetallic conduit and be spaced atformer it controls.
least 38 mm (11⁄2 in.) from the conduit when the circuit is
operated at 100 Hz or less or 45 mm (13⁄4 in.) when the
circuit is operated at over 100 Hz.600.7 Grounding

Signs and metal equipment of outline lighting systems shall (D) Bonding Conductors Bonding conductors shall be
be grounded. copper and not smaller than 14 AWG.

(E) Metal Building Parts Metal parts of a building shallThe requirements of 600.7 cover grounding and bonding of
not be permitted as a secondary return conductor or ansigns and metal equipment of outline lighting. All metal
equipment grounding conductor.parts larger than 2 in. are to be bonded. It is common in the

sign industry to use flexible metal raceways to enclose the
(F) Signs in Fountains Signs or outline lighting installedconductors supplied from the secondary circuit of a trans-
inside a fountain shall have all metal parts and equipmentformer or electronic power supply. In addition to providing
grounding conductors bonded to the equipment groundingprotection from physical damage, enclosing the secondary
conductor for the fountain recirculating system. The bondingconductors in flexible metal conduit or liquidtight flexible
connection shall be as near as practicable to the fountainmetal conduit is permitted as the bonding means for
and shall be permitted to be made to metal piping systemsnon–current-carrying metal parts of electric signs. Where
that are bonded in accordance with 680.53.used for bonding in the secondary circuit, the total length

of flexible metal conduit in the secondary circuit is not FPN: Refer to 600.32(J) for restrictions on length of
permitted to exceed 100 ft. high-voltage secondary conductors.

Where rigid or flexible nonmetallic conduit is used on
secondary wiring of transformers and power supplies, copper 600.8 Enclosures
bonding conductors must be located external to the nonme- Live parts, other than lamps, and neon tubing shall be en-
tallic raceway. Bonding conductor spacing is required to be closed. Transformers and power supplies provided with an
at least 11⁄2 in. for circuit frequencies of 100 Hz or less and integral enclosure, including a primary and secondary circuit
13⁄4 in. for circuit frequencies over 100 Hz. These raceways splice enclosure, shall not require an additional enclosure.
normally contain only one conductor, which is connected to
one side of the neon tube. Where rigid nonmetallic conduit (A) Strength Enclosures shall have ample structural
or liquidtight flexible nonmetallic conduit is used and any strength and rigidity.
sign parts are required to be bonded, the bonding conduc-

(B) Material Sign and outline lighting system enclosurestor(s) must be run outside of and be separated from the
shall be constructed of metal or shall be listed.nonmetallic conduit. Installing bonding conductors inside

the nonmetallic conduit with secondary power supply con-
(C) Minimum Thickness of Enclosure Metal Sheet cop-ductors is not permitted, since it could increase the chance
per or aluminum shall be at least 0.51 mm (0.020 in.) thick.of failure of the conductor or nonmetallic tubing.
Sheet steel shall be at least 0.41 mm (0.016 in.) thick.

(D) Protection of Metal Metal parts of equipment shall be(A) Flexible Metal Conduit Length Listed flexible metal
protected from corrosion.conduit or listed liquidtight flexible metal conduit that en-

closes the secondary circuit conductor from a transformer
600.9 Locationor power supply for use with electric discharge tubing shall

be permitted as a bonding means if the total accumulative (A) Vehicles Sign or outline lighting system equipment
shall be at least 4.3 m (14 ft) above areas accessible tolength of the conduit in the secondary circuit does not exceed

30 m (100 ft). vehicles unless protected from physical damage.
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600.10 Article 600 — Electric Signs and Outline Lighting

internal circuitry of a GFCI requires the presence of the(B) Pedestrians Neon tubing, other than dry-location por-
table signs, accessible to pedestrians shall be protected from 120-volt supply circuit for proper operation. An interruption

of the neutral conductor on the supply side of the GFCIphysical damage.
disables the protection circuitry. Open-neutral protection en-

(C) Adjacent to CombustibleMaterials Signs and outline sures that if there is damage to the supply cord that causes
lighting systems shall be installed so that adjacent combusti- a break in the grounded conductor, both conductors on the
ble materials are not subjected to temperatures in excess of load side circuit to the portable sign will be opened and
90�C (194�F). there will be no voltage present at the sign. These protective

The spacing between wood or other combustible materi- devices are required to be original equipment installed by
als and an incandescent or HID lamp or lampholder shall the manufacturer and can be located in-line with the supply
not be less than 50 mm (2 in.). cord as shown in Exhibit 600.4 or an attachment plug with

an integrated GFCI device can be used.(D) Wet Location Signs and outline lighting system equip-
ment for wet location use, other than listed watertight type,
shall be weatherproof and have drain holes, as necessary, in
accordance with the following:

(1) Drain holes shall not be larger than 13 mm (1⁄2 in.) or
smaller than 6 mm (1⁄4 in.).

(2) Every low point or isolated section of the equipment
shall have at least one drain hole.

(3) Drain holes shall be positioned such that there will be
no external obstructions.

600.10 Portable or Mobile Signs

Portable or mobile electric signs, such as those mounted on
trailers, are subject to the requirements of 600.10. These
requirements address the safety concerns associated with
equipment that is frequently moved and that may be used
in damp or wet environments.

NEC® for

ELECTRICAL 

SAFETY

Factory-installed GFCI

Exhibit 600.4 A factory-installed GFCI device located in the
(A) Support Portable or mobile signs shall be adequately power supply cord within 12 in. of the attachment plug.
supported and readily movable without the use of tools.

(B) Attachment Plug An attachment plug shall be pro-
(D) Dry Location Portable or mobile signs in dry locationsvided for each portable or mobile sign.
shall meet the following:

(C) Wet or Damp Location Portable or mobile signs in
(1) Cords shall be SP-2, SPE-2, SPT-2, or heavier, as desig-wet or damp locations shall comply with 600.10(C)(1) and

nated in Table 400.4.(C)(2).
(2) The cord shall not exceed 4.5 m (15 ft) in length.

(1) Cords All cords shall be junior hard service or hard
service types as designated in Table 400.4 and have an 600.12 Field-Installed Secondary Wiring
equipment grounding conductor.

The field-installed secondary circuit wiring of section signs
shall comply with 600.31 if 1000 volts or less, or with 600.32(2) Ground-Fault Circuit Interrupter Portable or mobile

signs shall be provided with factory-installed ground-fault if over 1000 volts.
circuit-interrupter protection for personnel. The ground-fault
circuit interrupter shall be an integral part of the attachment This new provision requires field-installed secondary circuit
plug or shall be located in the power-supply cord within 300 wiring of section signs to be installed in accordance with
mm (12 in.) of the attachment plug. either 600.31 or 600.32, depending on the secondary circuit

voltage. The two referenced sections are located in Part II
of Article 600. In general, the requirements of Part II areThe ground-fault circuit-interrupters required for portable

electric signs must have integral open-neutral protection in intended for application only to field-installed skeleton tub-
ing. However, since 600.31 and 600.32 provide detailedaccordance with UL 48, Standard for Electric Signs. The
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600.31Article 600 — Electric Signs and Outline Lighting

(B) Secondary-Circuit Ground-Fault Protection Trans-requirements for the safe installation of neon secondary con-
ductors, they are referenced in 600.12 to ensure that the formers and electronic power supplies other than the follow-

ing shall have secondary-circuit ground-fault protection:secondary circuits associated with section signs are installed
correctly.

(1) Transformers with isolated ungrounded secondaries and
with a maximum open circuit voltage of 7500 volts or
less600.21 Ballasts, Transformers, and Electronic

(2) Transformers with integral porcelain or glass secondaryPower Supplies
housing for the neon tubing and requiring no field wiring

(A) Accessibility Ballasts, transformers, and electronic of the secondary circuit
power supplies shall be located where accessible and shall
be securely fastened in place. (C) Voltage Secondary-circuit voltage shall not exceed

15,000 volts, nominal, under any load condition. The voltage
(B) Location Ballasts, transformers, and electronic power to ground of any output terminals of the secondary circuit
supplies shall be installed as near to the lamps or neon tubing shall not exceed 7500 volts, under any load condition.
as practicable to keep the secondary conductors as short as
possible. (D) Rating Transformers and electronic power supplies

shall have a secondary-circuit current rating of not more
(C) Wet Location Ballasts, transformers, and electronic

than 300 mA.
power supplies used in wet locations shall be of the weather-
proof type or be of the outdoor type and protected from the (E) Secondary Connections Secondary circuit outputs
weather by placement in a sign body or separate enclosure. shall not be connected in parallel or in series.

(D) Working Space A working space at least 900 mm (3 (F) Marking A transformer or power supply shall be
ft) high, 900 mm (3 ft) wide, by 900 mm (3 ft) deep shall be marked to indicate that it has secondary-circuit ground-fault
provided at each ballast, transformer, and electronic power protection.
supply or at its enclosure where not installed in a sign.

600.24 Class 2 Power Sources(E) Attic and Soffit Locations Ballasts, transformers, and
electronic power supplies shall be permitted to be located In addition to the requirements of Article 600, signs and
in attics and soffits, provided there is an access door at least outline lighting systems supplied by Class 2 transformers,
900 mm by 600 mm (3 ft by 2 ft) and a passageway of at power supplies, and power sources shall comply with 725.41.
least 900 mm (3 ft) high by 600 mm (2 ft) wide with a
suitable permanent walkway at least 300 mm (12 in.) wide II. Field-Installed Skeleton Tubing
extending from the point of entry to each component.

600.30 Applicability
(F) Suspended Ceilings Ballasts, transformers, and elec- Part II of this article shall apply to field-installed skeleton
tronic power supplies shall be permitted to be located above tubing. These requirements are in addition to the require-
suspended ceilings, provided their enclosures are securely ments of Part I.
fastened in place and not dependent on the suspended ceiling
grid for support. Ballasts, transformers, and electronic power

Field-installed skeleton tubing often involves the use of
supplies installed in suspended ceilings shall not be con-

electrically isolated metal components, such as tube sup-
nected to the branch circuit by flexible cord.

ports, fasteners, or decorative channel over the tubing. Such
metallic components should be located so as to minimize

600.22 Ballasts the possibility of their becoming energized.
(A) Type Ballasts shall be identified for the use and shall
be listed.

600.31 Neon Secondary-Circuit Conductors,
(B) Thermal Protection Ballasts shall be thermally pro- 1000 Volts or Less, Nominal
tected.

(A) Wiring Method Conductors shall be installed using
any wiring method included in Chapter 3 suitable for the

600.23 Transformers and Electronic
conditions.

Power Supplies
(B) Insulation and Size Conductors shall be listed, insu-(A) Type Transformers and electronic power supplies shall

be identified for the use and shall be listed. lated, and not smaller than 18 AWG.

National Electrical Code Handbook 2005 903

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



600.32 Article 600 — Electric Signs and Outline Lighting

(C) Number of Conductors in Raceway The number of The 2002 Code revised the requirement for the type of
conductors in a raceway shall be in accordance with Table conductors permitted in neon secondary circuits. The re-
1 of Chapter 9. quirement previously specified that the use of conductors

listed for the purpose be installed in the secondary circuit.
(D) Installation Conductors shall be installed so they are

The revised text requires the use of cable listed as gas tube
not subject to physical damage.

sign and ignition cable, Type GTO, rated at 5, 10, or 15 kV.
Annex A identifies the product standard for this cable as(E) Protection of Leads Bushings shall be used to protect
UL 814, Gas-Tube-Sign Cable.wires passing through an opening in metal.

600.32 Neon Secondary Circuit Conductors, (C) Installation Conductors shall be so installed that they
Over 1000 Volts, Nominal are not subject to physical damage.
(A) Wiring Methods

(D) Bends in Conductors Sharp bends in insulated con-
(1) Installation Conductors shall be installed on insulators,

ductors shall be avoided.
in rigid metal conduit, intermediate metal conduit, rigid non-
metallic conduit, liquidtight flexible nonmetallic conduit, (E) Spacing Secondary conductors shall be separated from
flexible metal conduit, liquidtight flexible metal conduit, each other and from all objects other than insulators or neon
electrical metallic tubing, metal enclosures, or other equip- tubing by a spacing of not less than 38 mm (11⁄2 in.). GTO
ment listed for the purpose and shall be installed in accor- cable installed in metal conduit or tubing requires no spacing
dance with the requirements of Chapter 3. between the cable insulation and the conduit or tubing.

(2) Number of Conductors Conduit or tubing shall con- (F) Insulators and Bushings Insulators and bushings for
tain only one conductor. conductors shall be listed for the purpose.

(3) Size Conduit or tubing shall be a minimum of metric (G) Conductors in Raceways
designator 16 (trade size 1⁄2).

(1) Damp or Wet Locations In damp or wet locations, the
insulation on all conductors shall extend not less than 100(4) Spacing from Ground Other than at the location of
mm (4 in.) beyond the metal conduit or tubing.connection to a metal enclosure or sign body, nonmetallic

conduit or flexible nonmetallic conduit shall be spaced no (2) Dry Locations In dry locations, the insulation on all
less than 38 mm (11⁄2 in.) from grounded or bonded parts

conductors shall extend not less than 65 mm (21⁄2 in.) beyond
when the conduit contains a conductor operating at 100 Hz

the metal conduit or tubing.
or less, and shall be spaced no less than 45 mm (13⁄4 in.)
from grounded or bonded parts when the conduit contains (H) Between Neon Tubing and Midpoint Return Con-
a conductor operating at more than 100 Hz. ductors shall be permitted to run between the ends of neon

tubing or to the secondary circuit midpoint return of listed
transformers or listed electronic power supplies and providedLocating GTO cable in close proximity to a grounded surface
with terminals or leads at the midpoint.will result in damaging stress to the cable insulation. The

requirements in 600.32(A)(4) provide for minimum separa-
(I) Dwelling Occupancies Equipment having an open cir-tion between nonmetallic raceways containing neon second-
cuit voltage exceeding 1000 volts shall not be installed inary circuits and grounded or bonded metal parts.
or on dwelling occupancies.

(J) Length of Secondary Circuit Conductors(5) Metal Building Parts Metal parts of a building shall
(1) Secondary Conductor to the First Electrode Thenot be permitted as a secondary return conductor or an
length of secondary circuit conductors from a high-voltageequipment grounding conductor.
terminal or lead of a transformer or electronic power supply
to the first neon tube electrode shall not exceed the following:See the commentary following 600.7.

(1) 6 m (20 ft) where installed in metal conduit or tubing
(2) 15 m (50 ft) where installed in nonmetallic conduit

(B) Insulation and Size Conductors shall be insulated,
listed as gas tube sign and ignition cable type GTO, rated (2) Other Secondary Circuit Conductors All other sec-

tions of secondary circuit conductor in a neon tube circuitfor 5, 10, or 15 kV, not smaller than 18 AWG, and have a
minimum temperature rating of 105�C (221�F). shall be as short as practicable.
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604.3Article 604 — Manufactured Wiring Systems

600.41 Neon Tubing ARTICLE 604
(A) Design The length and design of the tubing shall not Manufactured Wiring Systems
cause a continuous overcurrent beyond the design loading
of the transformer or electronic power supply.

Summary of Changes
(B) Support Tubing shall be supported by listed tube sup-

• 604.6(A)(1) and (A)(2): Revised maximum conductor
ports.

size for manufactured wiring systems from 10 AWG to
8 AWG.(C) Spacing A spacing of not less than 6 mm (1⁄4 in.) shall

be maintained between the tubing and the nearest surface, • 604.6(A)(3): Revised to clarify that the provisions of this
other than its support. section limiting the size and length of flexible cord are

not applicable to luminaires. See new 604.6(F).
Electric discharge tubing is required to be of such length • 604.6(E): Revised to require cables and conduits used
and design that it will not cause a continuous overvoltage in the manufactured wiring system to be secured and
on the transformer. A tube that is too long or too small in supported in accordance with the requirements for the
diameter increases the impedance of the load and thus particular cable or conduit type used.
stresses the transformer insulation. Gas tube sign transform- • 604.6(F): Added section permitting listed electric-
ers are designed to operate at or near short-circuit current. discharge luminaires to be supplied from listed manufac-
Generally, the primary voltage of the transformers is 120 tured wiring system cord assemblies. Installation of cord
volts, and proper installation and maintenance of transform- assembly must comply with 410.30(C).
ers and high-voltage secondary conductors minimize the
possibility of injury or fire. Precautions should be taken to
ensure that secondary conductors are properly terminated to
the tube electrodes and that the connections are protected Contents
from contact by unauthorized persons or contact with any 604.1 Scope
flammable or combustible material. Broken tubes should be 604.2 Definition
replaced or de-energized. 604.3 Other Articles

604.4 Uses Permitted
604.5 Uses Not Permitted600.42 Electrode Connections
604.6 Construction

(A) Accessibility Terminals of the electrode shall not be (A) Cable or Conduit Types
accessible to unqualified persons. (B) Marking

(C) Receptacles and Connectors(B) Electrode Connections Connections shall be made by
(D) Other Component Partsuse of a connection device, twisting of the wires together,
(E) Securing and Supportingor use of an electrode receptacle. Connections shall be elec-
(F) Luminaires (Fixtures)trically and mechanically secure and shall be in an enclosure

604.7 Unused Outletslisted for the purpose.

(C) Support The neon tubing and conductor shall be sup-
604.1 Scopeported not more than 150 mm (6 in.) from the electrode

connection. The provisions of this article apply to field-installed wiring
using off-site manufactured subassemblies for branch cir-(D) Receptacles Electrode receptacles shall be listed.
cuits, remote-control circuits, signaling circuits, and commu-
nications circuits in accessible areas.(E) Bushings Where electrodes penetrate an enclosure,

bushings listed for the purpose shall be used unless recepta-
604.2 Definitioncles are provided.
Manufactured Wiring System. A system containing com-

(F) Wet Locations A listed cap shall be used to close the
ponent parts that are assembled in the process of manufacture

opening between neon tubing and a receptacle where the
and cannot be inspected at the building site without damage

receptacle penetrates a building. Where a bushing or neon
or destruction to the assembly.

tubing penetrates a building, the opening between neon tub-
ing and the bushing shall be sealed. 604.3 Other Articles
(G) Electrode Enclosures Electrode enclosures shall be Except as modified by the requirements of this article, all

other applicable articles of this Code shall apply.listed.
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604.4 Article 604 — Manufactured Wiring Systems

volt, 8 to 12 AWG insulated copper conductors with a bare604.4 Uses Permitted
or insulated copper equipment grounding conductor equiva-Manufactured wiring systems shall be permitted in accessi-
lent in size to the ungrounded conductor.ble and dry locations and in ducts, plenums, and other air-

handling spaces where listed for this application and installed
Revisions to 604.6(A)(1) and 600.4(A)(2) permit 8 AWGin accordance with 300.22.
copper circuit conductors to be installed in cable- and race-
way-type manufactured wiring systems. The increase fromArticle 604 covers manufactured wiring systems, typically
10 AWG to 8 AWG for the maximum conductor size permit-constructed of Types AC or MC cables that are provided
ted is specifically aimed at improving the ability of thewith factory connectors and receptacles. The connection
manufactured wiring system to overcome voltage drop.devices used with these systems facilitate ease of initial

installation and future relocation of equipment such as lumi-
naires. These systems are used extensively for the installation

Exception No. 1 to (1) and (2): A luminaire (fixture) tap,of branch-circuit and tap conductors supplying luminaires in
no longer than 1.8 m (6 ft) and intended for connection toaccessible locations, including open and suspended-ceiling
a single luminaire (fixture), shall be permitted to containconstruction.
conductors smaller than 12 AWG but not smaller than 18For further information, see Article 100 for the defini-
AWG.tion of accessible (as applied to wiring methods).

Exception No. 1 permits 6-ft lengths of the wiring methods
covered in 604.6(A)(1) and 604.6(A)(2) to contain conduc-Exception No. 1: In concealed spaces, one end of tapped
tors smaller than 12 AWG but not smaller than 18 AWGcable shall be permitted to extend into hollow walls for
for use as tap conductors to supply a single luminaire.direct termination at switch and outlet points.

Exception No. 2: Manufactured wiring system assemblies
installed outdoors shall be listed for use in outdoor locations.

Exception No. 2 to (1) and (2): Listed manufactured wiring
assemblies containing conductors smaller than 12 AWG

The marking ‘‘Outdoor’’ on a listed manufactured wiring shall be permitted for remote-control, signaling, or commu-
system assembly indicates it has been evaluated and is suit- nication circuits.
able for use in an outdoor wet or damp location.

(3) Flexible Cord Flexible cord suitable for hard usage,
with minimum 12 AWG conductors, shall be permitted as

604.5 Uses Not Permitted part of a listed factory-made assembly not exceeding 1.8 m
(6 ft) in length when making a transition between compo-Manufactured wiring system types shall not be permitted
nents of a manufactured wiring system and utilization equip-where limited by the applicable article in Chapter 3 for the
ment, other than luminaires (fixtures), not permanentlywiring method used in its construction.
secured to the building structure. The cord shall be visible
for its entire length and shall not be subject to strain or604.6 Construction
physical damage.

(A) Cable or Conduit Types

(1) Cables Cable shall be listed Type AC cable or listed This provision facilitates a transition between manufactured
Type MC cable containing nominal 600-volt, 8 to 12 AWG wiring systems and utilization equipment found in display
insulated copper conductors with a bare or insulated copper cases, merchandise racks, temporary work stations, and the
equipment grounding conductor equivalent in size to the like. This transition is limited, however, to hard-usage cord
ungrounded conductor. not over 6 ft in length, to minimize damage, as illustrated

Other cables as listed in 725.61, 800.113, 820.113, and in Exhibit 604.1.
830.179 shall be permitted in manufactured wiring systems
for wiring of equipment within the scope of their respective
articles. (B) Marking Each section shall be marked to identify the

type of cable, flexible cord, or conduit.
The text of 604.6(A)(1) has been revised by a tentative

interim amendment (TIA). See page 1. (C) Receptacles and Connectors Receptacles and connec-
tors shall be of the locking type, uniquely polarized and
identified for the purpose, and shall be part of a listed assem-(2) Conduits Conduit shall be listed flexible metal conduit

or listed liquidtight flexible conduit containing nominal 600- bly for the appropriate system.
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604.7Article 604 — Manufactured Wiring Systems

Manufactured wiring systems are permitted to be constructed
using any of the wiring methods described in 604.6(A).
The installation requirements for these wiring methods are
contained in Chapter 3. A revision to this section for the 2005
Code adds the requirement to secure the wiring methods of
manufactured wiring systems. The securing and supporting
requirements are taken from the Chapter 3 article that covers
the wiring method employed in construction of the manufac-
tured wiring system.

(F) Luminaires (Fixtures) Installation of listed electric-
discharge luminaires (fixtures) complying with 410.30(C)
shall be permitted.

This new provision and a corresponding revision to
410.30(C)(2) permit the use of flexible cord equipped
with a manufactured wiring system connector as a means
to supply listed electric-discharge luminaires such as fluo-
rescent or high-intensity discharge types. In this application,
the cord-equipped luminaires are supplied from branch-

Display case
not permanently
attached to
building

Hard-usage
cord visible
for entire length

Tap connection from
manufactured
wiring system

circuit conductors installed using a manufactured wiring
Exhibit 604.1 Transition wiring between a manufactured wiring system. To minimize the length of flexible cord used in this
system and utilization equipment. application, the cord-connected luminaire must be located

directly below where it connects to the manufactured wiring
Examples of polarized receptacles and connectors are shown system. This method of supplying electric-discharge lumi-
in Exhibit 604.2. naires is permitted only where the cord is visible for its

entire length, from its attachment to the luminaire to its
interface with the branch-circuit conductors of the manufac-

(D) Other Component Parts Other component parts shall
tured wiring system.

be listed for the appropriate system.

(E) Securing and Supporting Manufactured wiring sys-
604.7 Unused Outletstems shall be secured and supported in accordance with the

applicable cable or conduit article for the cable or conduit All unused outlets shall be capped to effectively close the
connector openings.type employed.

Exhibit 604.2 Polarized re-
ceptacles and connectors of a
manufactured wiring system.
(Courtesy of Lithonia Lighting,
Reloc Wiring Systems)
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605.1 Article 605 — Office Furnishings (Consisting of Lighting Accessories and Wired Partitions)

(B) Other Articles Except as modified by the requirementsARTICLE 605
of this article, all other articles of this Code shall apply.Office Furnishings (Consisting of
(C) Hazardous (Classified) Locations Where used in haz-Lighting Accessories and Wired
ardous (classified) locations, these assemblies shall conformPartitions) with Articles 500 through 517 in addition to this article.

Summary of Changes 605.3 Wireways
• 605.6 and 605.7: Revised to require that all ungrounded All conductors and connections shall be contained within

conductors of multiwire branch circuits supplying power wiring channels of metal or other material identified as
to fixed-type and freestanding-type office partitions be suitable for the conditions of use. Wiring channels shall be
simultaneously disconnected at the panelboard where the free of projections or other conditions that may damage
circuit originates. conductor insulation.

A wiring channel that is separate from the channel containing
the branch circuits for light and power may be providedContents
within the system components for the routing of communica-

605.1 Scope tions, signaling, and fiber optic cables.
605.2 General

(A) Use
(B) Other Articles 605.4 Partition Interconnections
(C) Hazardous (Classified) Locations

The electrical connection between partitions shall be a flexi-605.3 Wireways
ble assembly identified for use with wired partitions or shall605.4 Partition Interconnections
be permitted to be installed using flexible cord, provided all605.5 Lighting Accessories
the following conditions are met:(A) Support

(B) Connection (1) The cord is extra-hard usage type with 12 AWG or
(C) Receptacle Outlet larger conductors, with an insulated grounding conduc-

605.6 Fixed-Type Partitions tor.
605.7 Freestanding-Type Partitions (2) The partitions are mechanically contiguous.
605.8 Freestanding-Type Partitions, Cord-and-Plug (3) The cord is not longer than necessary for maximum

Connected positioning of the partitions but is in no case to exceed
(A) Flexible Power-Supply Cord 600 mm (2 ft).
(B) Receptacle Supplying Power (4) The cord is terminated at an attachment plug and cord
(C) Receptacle Outlets, Maximum connector with strain relief.
(D) Multiwire Circuits, Not Permitted

605.5 Lighting Accessories
605.1 Scope Lighting equipment listed and identified for use with wired

partitions shall comply with 605.5(A), (B), and (C).This article covers electrical equipment, lighting accessories,
and wiring systems used to connect, or contained within, or

(A) Support A means for secure attachment or supportinstalled on relocatable wired partitions.
shall be provided.

605.2 General
(B) Connection Where cord and plug connection is pro-

Wiring systems shall be identified as suitable for providing vided, the cord length shall be suitable for the intended
power for lighting accessories and appliances in wired parti- application but shall not exceed 2.7 m (9 ft) in length. The
tions. These partitions shall not extend from floor to ceiling. cord shall not be smaller than 18 AWG, shall contain an

equipment grounding conductor, and shall be of the hardException: Where permitted by the authority having juris-
usage type. Connection by other means shall be identifieddiction, these relocatable wired partitions shall be permitted
as suitable for the condition of use.to extend to, but shall not penetrate, the ceiling.

(C) Receptacle Outlet Convenience receptacles shall not(A) Use These assemblies shall be installed and used only
as provided for by this article. be permitted in lighting accessories.
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605.8Article 610 — Cranes and Hoists

605.6 Fixed-Type Partitions Cord-and-plug-connected freestanding-type office partitions
are not permitted to contain multiwire branch circuits.Wired partitions that are fixed (secured to building surfaces)

shall be permanently connected to the building electrical
system by one of the wiring methods of Chapter 3. Multiwire
branch circuits supplying power to the partition shall be ARTICLE 610
provided with a means to disconnect simultaneously all un- Cranes and Hoistsgrounded conductors at the panelboard where the branch
circuit originates.

Summary of Changes
605.7 Freestanding-Type Partitions

• 610.61: Revised to no longer permit the trolley frame and
Partitions of the freestanding type (not fixed) shall be permit- bridge frame to be grounded through the bridge and trolley
ted to be connected to the building electrical system by one wheels and their respective tracks. A separate wire-type
of the wiring methods of Chapter 3. Multiwire branch circuits bonding conductor is required.
supplying power to permanently connected freestanding par-
titions shall be provided with a means to disconnect simulta-
neously all ungrounded conductors at the panelboard where
the branch circuit originates. Contents

I. General
Intended to enhance the safety of those servicing perma- 610.1 Scope
nently connected office partitions, a new requirement for 610.3 Special Requirements for Particular Locations
the 2005 Code specifies simultaneous disconnection of all (A) Hazardous (Classified) Locations
ungrounded conductors of multiwire branch circuits supply- (B) Combustible Materials
ing fixed and freestanding-type office partitions. (C) Electrolytic Cell Lines

II. Wiring
610.11 Wiring Method605.8 Freestanding-Type Partitions, Cord-and-

(A) Contact ConductorPlug-Connected
(B) Exposed Conductors

Individual partitions of the freestanding type, or groups of (C) Flexible Connection to Motors and Similar
individual partitions that are electrically connected, are me- Equipment
chanically contiguous, and do not exceed 9.0 m (30 ft) when (D) Pushbutton Station Multiconductor Cable
assembled, shall be permitted to be connected to the building (E) Flexibility to Moving Parts
electrical system by a single flexible cord and plug, provided 610.12 Raceway or Cable Terminal Fittings
all of the conditions of 605.8(A) through 605.8(D) are met. (A) Separately Bushed Hole

(B) Bushing in Lieu of a Box(A) Flexible Power-Supply Cord The flexible power-
610.13 Types of Conductorssupply cord shall be extra-hard usage type with 12 AWG or

(A) Exposed to External Heat or Connected tolarger conductors with an insulated equipment grounding
Resistorsconductor and shall not exceed 600 mm (2 ft) in length.

(B) Contact Conductors
(C) Flexibility(B) Receptacle Supplying Power The receptacle(s) sup-
(D) Class 1, Class 2, and Class 3 Circuitsplying power shall be on a separate circuit serving only

610.14 Rating and Size of Conductorspanels and no other loads and shall be located not more than
(A) Ampacity300 mm (12 in.) from the partition that is connected to it.
(B) Secondary Resistor Conductors

(C) Receptacle Outlets, Maximum Individual partitions (C) Minimum Size
or groups of interconnected individual partitions shall not (D) Contact Conductors
contain more than thirteen 15-ampere, 125-volt receptacle (E) Calculation of Motor Load
outlets. (F) Other Loads

(G) Nameplate(D) Multiwire Circuits, Not Permitted Individual parti-
610.15 Common Returntions or groups of interconnected individual partitions shall

III. Contact Conductorsnot contain multiwire circuits.
610.21 Installation of Contact Conductors

FPN: See 210.4 for circuits supplying partitions in 605.6 (A) Locating or Guarding Contact Conductors
and 605.7.
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610.1 Article 610 — Cranes and Hoists

(1) Class I Locations Equipment used in locations that are
(B) Contact Wires hazardous because of the presence of flammable gases or
(C) Supports Along Runways vapors shall conform to Article 501.
(D) Supports on Bridges

(2) Class II Locations Equipment used in locations that(E) Supports for Rigid Conductors
are hazardous because of combustible dust shall conform to(F) Track as Circuit Conductor
Article 502.(G) Electrical Continuity of Contact Conductors

(H) Not to Supply Other Equipment
(3) Class III Locations Equipment used in locations that610.22 Collectors
are hazardous because of the presence of easily ignitibleIV. Disconnecting Means
fibers or flyings shall conform to Article 503.610.31 Runway Conductor Disconnecting Means

610.32 Disconnecting Means for Cranes and Monorail
See the commentary following 503.155(D).Hoists

610.33 Rating of Disconnect Means
V. Overcurrent Protection (B) Combustible Materials Where a crane, hoist, or

610.41 Feeders, Runway Conductors monorail hoist operates over readily combustible material,
(A) Single Feeder the resistors shall be located as permitted in the following:
(B) More Than One Feeder Circuit

(1) A well-ventilated cabinet composed of noncombustible610.42 Branch-Circuit Short-Circuit and Ground-Fault
material constructed so that it does not emit flames orProtection
molten metal(A) Fuse or Circuit Breaker Rating

(2) A cage or cab constructed of noncombustible material(B) Taps
that encloses the sides of the cage or cab from the floor610.43 Overload Protection
to a point at least 150 mm (6 in.) above the top of the(A) Motor and Branch-Circuit Overload Protection
resistors(B) Manually Controlled Motor

(C) Multimotor (C) Electrolytic Cell Lines See 668.32.
(D) Hoists and Monorail Hoists

VI. Control
Special precautions are necessary on electrolytic cell lines610.51 Separate Controllers
to prevent the introduction of exposed grounded parts, as(A) Motions with More Than One Motor
described in 668.32.(B) Multiple Motion Controller

610.53 Overcurrent Protection
(A) Taps to Control Transformers II. Wiring
(B) Continuity of Power

610.11 Wiring Method610.55 Limit Switch
610.57 Clearance Conductors shall be enclosed in raceways or be Type AC

cable with insulated grounding conductor, Type MC cable,VII. Grounding
610.61 Grounding or Type MI cable unless otherwise permitted or required in

610.11(A) through 610.11(E).

I. General Type AC cable with an insulated grounding conductor is
permitted as an acceptable wiring method for cranes and610.1 Scope
hoists. The insulated wire-type equipment grounding con-This article covers the installation of electrical equipment
ductor, terminated on the grounding terminals of crane- andand wiring used in connection with cranes, monorail hoists,
hoist-associated equipment, is required to ensure the continu-hoists, and all runways.
ity of the grounding and bonding connection to equipment

FPN: For further information, see ANSI B30, Safety that is often subject to vibration.
Code for Cranes, Derricks, Hoists, Jacks, and Slings.

(A) Contact Conductor Contact conductors shall not be610.3 Special Requirements for
required to be enclosed in raceways.Particular Locations
(B) Exposed Conductors Short lengths of exposed con-(A) Hazardous (Classified) Locations All equipment that

operates in a hazardous (classified) location shall conform ductors at resistors, collectors, and other equipment shall
not be required to be enclosed in raceways.to Article 500.
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610.13Article 610 — Cranes and Hoists

(E) Flexibility to Moving Parts Where flexibility is re-(C) Flexible Connections to Motors and Similar Equip-
ment Where flexible connections are necessary, flexible quired for power or control to moving parts, a cord suitable

for the purpose shall be permitted, provided the followingstranded conductors shall be used. Conductors shall be in
flexible metal conduit, liquidtight flexible metal conduit, apply:
liquidtight flexible nonmetallic conduit, multiconductor

(1) Suitable strain relief and protection from physical dam-
cable, or an approved nonmetallic flexible raceway.

age is provided.
(2) In Class I, Division 2 locations, the cord is approved

The use of short lengths of open wiring on cranes and hoists for extra-hard usage.
is permitted by 610.11(B). Short runs of open conductors
facilitate connection to resistors, collectors, and similar 610.12 Raceway or Cable Terminal Fittings
equipment. Each conductor is required to be provided with

Conductors leaving raceways or cables shall comply with
separately bushed holes in boxes, as well as in cable and

either 610.12(A) or 610.12(B).
raceway fittings used where the transition to open wiring is
made. In addition to other types of raceways and cables, (A) Separately Bushed Hole A box or terminal fitting that
610.11(C) permits flexible metal conduit, liquidtight flexible has a separately bushed hole for each conductor shall be
metal conduit, liquidtight flexible nonmetallic conduit, used wherever a change is made from a raceway or cable
multiconductor cable, or an approved nonmetallic enclosure to exposed wiring. A fitting used for this purpose shall not
(tubing) where flexibility is necessary. contain taps or splices and shall not be used at luminaire

(fixture) outlets.

(B) Bushing in Lieu of a Box A bushing shall be permitted(D) Pushbutton Stations Multiconductor Cable Where
to be used in lieu of a box at the end of a rigid metalmulticonductor cable is used with a suspended pushbutton
conduit, intermediate metal conduit, or electrical metallicstation, the station shall be supported in some satisfactory
tubing where the raceway terminates at unenclosed controlsmanner that protects the electric conductors against strain.
or similar equipment, including contact conductors, collec-
tors, resistors, brakes, power-circuit limit switches, and dc

Exhibit 610.1 shows an example of suitable strain relief for split-frame motors.
a cord that supports a control pushbutton station.

610.13 Types of Conductors
Conductors shall comply with Table 310.13 unless otherwise
permitted in 610.13(A) through 610.13(D).

(A) Exposed to External Heat or Connected to Resis-
tors A conductor(s) exposed to external heat or connected
to resistors shall have a flame-resistant outer covering or be
covered with flame-resistant tape individually or as a group.

(B) Contact Conductors Contact conductors along run-
ways, crane bridges, and monorails shall be permitted to be
bare and shall be copper, aluminum, steel, or other alloys
or combinations thereof in the form of hard-drawn wire,
tees, angles, tee rails, or other stiff shapes.

(C) Flexibility Where flexibility is required, flexible cord
or cable shall be permitted to be used and, where necessary,
cable reels or take-up devices shall be used.

(D) Class 1, Class 2, and Class 3 Circuits Conductors for
Class 1, Class 2, and Class 3 remote-control, signaling, and
power-limited circuits, installed in accordance with Article
725, shall be permitted.

Section 610.13(D) references Article 725 for Class 1, ClassExhibit 610.1 A suitable strain relief grip for a cord-suspended
pushbutton station. (Courtesy of Hubbell Inc., Kellems Division) 2, and Class 3 control circuit conductors. This cross-
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610.14 Article 610 — Cranes and Hoists

(G) Nameplate Each crane, monorail, or hoist shall be pro-reference is necessary because 90.3 does not allow Article
725 to modify Article 610. The change allows the methods vided with a visible nameplate marked with the manufactur-

er’s name, rating in volts, frequency, number of phases, andof wiring control and signaling circuits permitted in Article
725 to be used for crane- and hoist-control circuits. circuit amperes as calculated in 610.14(E) and 610.14(F).

610.15 Common Return
610.14 Rating and Size of Conductors Where a crane or hoist is operated by more than one motor,
(A) Ampacity The allowable ampacities of conductors a common-return conductor of proper ampacity shall be
shall be as shown in Table 610.14(A). permitted.

FPN: For the ampacities of conductors between control- III. Contact Conductorslers and resistors, see 430.23.

610.21 Installation of Contact Conductors
(B) SecondaryResistor Conductors Where the secondary

Contact conductors shall comply with 610.21(A) throughresistor is separate from the controller, the minimum size
610.21(H).of the conductors between controller and resistor shall be

calculated by multiplying the motor secondary current by (A) Locating or Guarding Contact Conductors Runway
the appropriate factor from Table 610.14(B) and selecting contact conductors shall be guarded, and bridge contact con-
a wire from Table 610.14(A). ductors shall be located or guarded in such a manner that

persons cannot inadvertently touch energized current-(C) Minimum Size Conductors external to motors and
carrying parts.

controls shall not be smaller than 16 AWG unless otherwise
permitted in (1) or (2): (B) Contact Wires Wires that are used as contact conduc-

tors shall be secured at the ends by means of approved strain(1) 18 AWG wire in multiconductor cord shall be permitted
insulators and shall be mounted on approved insulators sofor control circuits not exceeding 7 amperes.
that the extreme limit of displacement of the wire does not(2) Wires not smaller than 20 AWG shall be permitted for
bring the latter within less than 38 mm (11⁄2 in.) from theelectronic circuits.
surface wired over.

(D) Contact Conductors Contact wires shall have an am- (C) Supports Along Runways Main contact conductors
pacity not less than that required by Table 610.14(A) for carried along runways shall be supported on insulating sup-
75�C (167�F) wire, and in no case shall they be smaller than ports placed at intervals not exceeding 6.0 m (20 ft) unless
as shown in Table 610.14(D). otherwise permitted in 610.21(F).

Such conductors shall be separated at not less than 150(E) Calculation of Motor Load
mm (6 in.), other than for monorail hoists where a spacing

(1) Single Motor For one motor, 100 percent of motor of not less than 75 mm (3 in.) shall be permitted. Where
nameplate full-load ampere rating shall be used. necessary, intervals between insulating supports shall be

permitted to be increased up to 12 m (40 ft), the separation(2) Multiple Motors on Single Crane or Hoist For multi-
between conductors being increased proportionately.ple motors on a single crane or hoist, the minimum ampacity

of the power supply conductors shall be the nameplate full- (D) Supports on Bridges Bridge wire contact conductors
load ampere rating of the largest motor or group of motors shall be kept at least 65 mm (21⁄2 in.) apart, and, where the
for any single crane motion, plus 50 percent of the nameplate span exceeds 25 m (80 ft), insulating saddles shall be placed
full-load ampere rating of the next largest motor or group at intervals not exceeding 15 m (50 ft).
of motors, using that column of Table 610.14(A) that applies

(E) Supports for Rigid Conductors Conductors alongto the longest time-rated motor.
runways and crane bridges, that are of the rigid type specified

(3) Multiple Cranes or Hoists on a Common Conductor in 610.13(B) and not contained within an approved enclosed
System For multiple cranes, hoists, or both, supplied by a assembly, shall be carried on insulating supports spaced at
common conductor system, calculate the motor minimum intervals of not more than 80 times the vertical dimension
ampacity for each crane as defined in 610.14(E), add them of the conductor, but in no case greater than 4.5 m (15 ft),
together, and multiply the sum by the appropriate demand and spaced apart sufficiently to give a clear electrical separa-
factor from Table 610.14(E). tion of conductors or adjacent collectors of not less than 25

mm (1 in.).
(F) Other Loads Additional loads, such as heating, light-
ing, and air conditioning, shall be provided for by application (F) Track as Circuit Conductor Monorail, tram rail, or

crane runway tracks shall be permitted as a conductor ofof the appropriate sections of this Code.
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610.21Article 610 — Cranes and Hoists

Table 610.14(A) Ampacities of Insulated Copper Conductors Used with Short-Time Rated Crane
and Hoist Motors. Based on Ambient Temperature of 30�C (86�F)

Up to Three ac2 or
Four dc1 Conductors

Up to Four Conductors in Raceway or Cable1 in Raceway or Cable
Maximum Operating Maximum Operating

Temperature 75�C (167�F) 90�C (194�F) 125�C (257�F) Temperature

Types TA, TBS, SA,
Types MTW, RHW, SIS, PFA, FEP, Types FEP, FEPB,
THW, THWN, FEPB, RHH, THHN, PFA, PFAH, SA,

XHHW, USE, ZW XHHW, Z, ZW TFE, Z, ZW

Size (AWG or kcmil) 60 Min 30 Min 60 Min 30 Min 60 Min 30 Min Size (AWG or kcmil)

16 10 12 — — — — 16
14 25 26 31 32 38 40 14
12 30 33 36 40 45 50 12
10 40 43 49 52 60 65 10
8 55 60 63 69 73 80 8

6 76 86 83 94 101 119 6
5 85 95 95 106 115 134 5
4 100 117 111 130 133 157 4
3 120 141 131 153 153 183 3
2 137 160 148 173 178 214 2
1 143 175 158 192 210 253 1

1/0 190 233 211 259 253 304 1/0
2/0 222 267 245 294 303 369 2/0
3/0 280 341 305 372 370 452 3/0
4/0 300 369 319 399 451 555 4/0

250 364 420 400 461 510 635 250
300 455 582 497 636 587 737 300
350 486 646 542 716 663 837 350
400 538 688 593 760 742 941 400
450 600 765 660 836 818 1042 450
500 660 847 726 914 896 1143 500

AMPACITY CORRECTION FACTORS

Ambient For ambient temperatures other than 30�C (86�F), multiply the ampacities Ambient
Temperature (�C) shown above by the appropriate factor shown below. Temperature (�F)

21–25 1.05 1.05 1.04 1.04 1.02 1.02 70–77
26–30 1.00 1.00 1.00 1.00 1.00 1.00 79–86
31–35 0.94 0.94 0.96 0.96 0.97 0.97 88–95
36–40 0.88 0.88 0.91 0.91 0.95 0.95 97–104
41–45 0.82 0.82 0.87 0.87 0.92 0.92 106–113
46–50 0.75 0.75 0.82 0.82 0.89 0.89 115–122
51–55 0.67 0.67 0.76 0.76 0.86 0.86 124–131

56–60 0.58 0.58 0.71 0.71 0.83 0.83 133–140
61–70 0.33 0.33 0.58 0.58 0.76 0.76 142–158
71–80 — — 0.41 0.41 0.69 0.69 160–176
81–90 — — — — 0.61 0.61 177–194
91–100 — — — — 0.51 0.51 195–212

101–120 — — — — 0.40 0.40 213–248

Note: Other insulations shown in Table 310.13 and approved for the temperature and location shall be permitted
to be substituted for those shown in Table 610.14(A). The allowable ampacities of conductors used with 15-minute
motors shall be the 30-minute ratings increased by 12 percent.
1 For 5 to 8 simultaneously energized power conductors in raceway or cable, the ampacity of each power conductor
shall be reduced to a value of 80 percent of that shown in this table.
2 For 4 to 6 simultaneously energized 125�C (257�F) ac power conductors in raceway or cable, the ampacity of
each power conductor shall be reduced to a value of 80 percent of that shown in this table.
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610.22 Article 610 — Cranes and Hoists

Table 610.14(B) Secondary Conductor Rating Factors track is also permitted to be grounded through the metal
supporting means attached to the metal frame of a building.

Time in Seconds Ampacity of Wire in
Percent of Full-Load

On Off Secondary Current

5 75 35
10 70 45
15 75 55
15 45 65
15 30 75
15 15 85
Continuous Duty 110

To power
supply, dis-
connecting
means, and
overcurrent
protection

To
collector
conductors

To track

Exhibit 610.2 Three-phase, delta isolating transformer.Table 610.14(D) Contact Conductor Supports

Distance Between End
Strain Insulators or (G) Electrical Continuity of Contact Conductors All

Clamp-Type Intermediate Size of Wire sections of contact conductors shall be mechanically joinedSupports (AWG)
to provide a continuous electrical connection.

Less than 9.0 m (30 ft) 6
(H) Not to Supply Other Equipment Contact conductors9.0 m–18 m (30 ft–60 ft) 4

Over 18 m (60 ft) 2 shall not be used as feeders for any equipment other than
the crane(s) or hoist(s) that they are primarily designed to
serve.

Table 610.14(E) Demand Factors

610.22 CollectorsNumber of Demand
Cranes or Hoists Factor Collectors shall be designed so as to reduce to a minimum

sparking between them and the contact conductor; and,
2 0.95

where operated in rooms used for the storage of easily igniti-3 0.91
ble combustible fibers and materials, they shall comply with4 0.87

5 0.84 503.155.
6 0.81
7 0.78 IV. Disconnecting Means

610.31 Runway Conductor
current for one phase of a 3-phase, ac system furnishing Disconnecting Means
power to the carrier, crane, or trolley, provided all of the A disconnecting means that has a continuous ampere rating
following conditions are met: not less than that calculated in 610.14(E) and 610.14(F) shall

be provided between the runway contact conductors and the(1) The conductors supplying the other two phases of the
power supply. Such disconnecting means shall consist of apower supply are insulated.
motor-circuit switch, circuit breaker, or molded case switch.(2) The power for all phases is obtained from an insulating
This disconnecting means shall be as follows:transformer.

(3) The voltage does not exceed 300 volts. (1) Readily accessible and operable from the ground or
(4) The rail serving as a conductor is effectively grounded floor level

at the transformer and also shall be permitted to be (2) Capable of being locked in the open position
grounded by the fittings used for the suspension or (3) Open all ungrounded conductors simultaneously
attachment of the rail to a building or structure. (4) Placed within view of the runway contact conductors

Crane runway tracks are permitted as a current-carrying 610.32 Disconnecting Means for Cranes and
conductor where part of a 3-phase system that is furnishing Monorail Hoists
power to the crane. Exhibit 610.2 illustrates a 3-phase, iso-

A motor-circuit switch, molded-case switch, or circuitlated-delta secondary with one phase grounded (a corner-
breaker shall be provided in the leads from the runwaygrounded delta secondary system) at the transformer. The
contact conductors or other power supply on all cranes and
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610.43Article 610 — Cranes and Hoists

monorail hoists. The disconnecting means shall be capable 610.42 Branch-Circuit Short-Circuit and
of being locked in the open position. Ground-Fault Protection

Where a monorail hoist or hand-propelled crane bridge Branch circuits shall be protected in accordance with
installation meets all of the following, the disconnecting 610.42(A). Branch-circuit taps, where made, shall comply
means shall be permitted to be omitted: with 610.42(B).

(1) The unit is controlled from the ground or floor level. (A) Fuse or Circuit Breaker Rating Crane, hoist, and
(2) The unit is within view of the power supply discon- monorail hoist motor branch circuits shall be protected by

necting means. fuses or inverse-time circuit breakers that have a rating in
(3) No fixed work platform has been provided for servicing accordance with Table 430.52. Where two or more motors

the unit. operate a single motion, the sum of their nameplate current
ratings shall be considered as that of a single motor.

Where the disconnecting means is not readily accessible
(B) Tapsfrom the crane or monorail hoist operating station, means
(1) Multiple Motors Where two or more motors are con-shall be provided at the operating station to open the power
nected to the same branch circuit, each tap conductor to ancircuit to all motors of the crane or monorail hoist.
individual motor shall have an ampacity not less than one-
third that of the branch circuit. Each motor shall be protectedMany crane installations are not arranged so that the unit
from overload according to 610.43.is within view of the power supply disconnecting means.

Therefore, a disconnecting means (lock-open type) must (2) Control Circuits Where taps to control circuits origi-
be provided in the contact conductors. However, personnel nate on the load side of a branch-circuit protective device,
should be aware that when one crane is being serviced, each tap and piece of equipment shall be protected in accord-
another unit on the same system could remain energized and ance with 430.72.
be run into the person performing maintenance on the

(3) Brake Coils Taps without separate overcurrent protec-locked-out unit.
tion shall be permitted to brake coils.

610.43 Overload Protection
610.33 Rating of Disconnecting Means

(A) Motor and Branch-Circuit Overload Protection
The continuous ampere rating of the switch or circuit breaker Each motor, motor controller, and branch-circuit conductor
required by 610.32 shall not be less than 50 percent of the shall be protected from overload by one of the following
combined short-time ampere rating of the motors or less means:
than 75 percent of the sum of the short-time ampere rating

(1) A single motor shall be considered as protected whereof the motors required for any single motion.
the branch-circuit overcurrent device meets the rating
requirements of 610.42.V. Overcurrent Protection

(2) Overload relay elements in each ungrounded circuit
610.41 Feeders, Runway Conductors conductor, with all relay elements protected from short

circuit by the branch-circuit protection.(A) Single Feeder The runway supply conductors and
(3) Thermal sensing devices, sensitive to motor temperaturemain contact conductors of a crane or monorail shall be

or to temperature and current, that are thermally inprotected by an overcurrent device(s) that shall not be greater
contact with the motor winding(s). A hoist or trolleythan the largest rating or setting of any branch-circuit protec-
shall be considered to be protected if the sensing devicetive device plus the sum of the nameplate ratings of all the
is connected in the hoist’s upper limit switch circuitother loads with application of the demand factors from
so as to prevent further hoisting during an overloadTable 610.14(E).
condition of either motor.

(B) More Than One Feeder Circuit Where more than one
(B) Manually Controlled Motor If the motor is manually

feeder circuit is installed to supply runway conductors, each
controlled, with spring return controls, the overload protec-

feeder circuit shall be sized and protected in compliance
tive device shall not be required to protect the motor against

with 610.41(A).
stalled rotor conditions.

(C) Multimotor Where two or more motors drive a singleMultiple feeders are sometimes used to supply long runway
trolley, truck, or bridge and are controlled as a unit andconductors to minimize voltage drops on the runway conduc-
protected by a single set of overload devices with a ratingtors.
equal to the sum of their rated full-load currents, a hoist or
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610.51 Article 620 — Elevators, Dumbwaiters, Escalators, Moving Walks, Wheelchair Lifts, and Stairway Chair Lifts

trolley shall be considered to be protected if the sensing adjustment, servicing, or maintenance while energized shall
be a minimum of 750 mm (21⁄2 ft). Where controls aredevice is connected in the hoist’s upper limit switch circuit

so as to prevent further hoisting during an overtemperature enclosed in cabinets, the door(s) shall either open at least
90 degrees or be removable.condition of either motor.

(D) Hoists and Monorail Hoists Hoists and monorail VII. Grounding
hoists and their trolleys that are not used as part of an

610.61 Groundingoverhead traveling crane shall not require individual motor
overload protection, provided the largest motor does not All exposed non–current-carrying metal parts of cranes,
exceed 71⁄2 hp and all motors are under manual control of monorail hoists, hoists, and accessories, including pendant
the operator. controls, shall be metallically joined together into a continu-

ous electrical conductor so that the entire crane or hoist will
VI. Control be grounded in accordance with Article 250. Moving parts,

other than removable accessories, or attachments that have610.51 Separate Controllers
metal-to-metal bearing surfaces, shall be considered to beEach motor shall be provided with an individual controller
electrically connected to each other through bearing surfacesunless otherwise permitted in 610.51(A) or 610.51(B).
for grounding purposes. The trolley frame and bridge frame

(A) Motions with More Than One Motor Where two or shall not be considered as electrically grounded through the
more motors drive a single hoist, carriage, truck, or bridge, bridge and trolley wheels and its respective tracks. A separate
they shall be permitted to be controlled by a single controller. bonding conductor shall be provided.

(B) Multiple Motion Controller One controller shall be
It is not intended that the trolley frame or bridge framepermitted to be switched between motors, under the follow-
serve as the equipment grounding conductor for electricaling conditions:
equipment (such as motors, motor controllers, lighting fix-(1) The controller has a horsepower rating that is not lower
tures, and transformers) on a crane. The equipment ground-than the horsepower rating of the largest motor.
ing conductors that are run with the circuit conductors are(2) Only one motor is operated at one time.
required to be one of the types described in 250.118. Metal-
to-metal bearing surfaces of moving parts are considered to610.53 Overcurrent Protection
be a suitable grounding and bonding connection. However, aConductors of control circuits shall be protected against
revision to the 2005 Code no longer permits the bridge andovercurrent. Control circuits shall be considered as protected
trolley wheel contact with their tracks as a reliable groundingby overcurrent devices that are rated or set at not more than
and bonding connection. Due to dirt or other foreign surfaces300 percent of the ampacity of the control conductors, unless
impeding the effectiveness of the wheel-to-track contact as aotherwise permitted in 610.53(A) or 610.53(B).
reliable grounding and bonding connection, the bridge and

(A) Taps to Control Transformers Taps to control trans- trolley frames of an electric crane are now required to be
formers shall be considered as protected where the secondary bonded through the use of a separate conductor.
circuit is protected by a device rated or set at not more than
200 percent of the rated secondary current of the transformer

ARTICLE 620and not more than 200 percent of the ampacity of the control
circuit conductors. Elevators, Dumbwaiters,
(B) Continuity of Power Where the opening of the control Escalators, Moving Walks,
circuit would create a hazard, as for example, the control

Wheelchair Lifts, and Stairwaycircuit of a hot metal crane, the control circuit conductors
shall be considered as being properly protected by the Chair Lifts
branch-circuit overcurrent devices.

Summary of Changes610.55 Limit Switch
• 620.2: Added definitions for control room, control space,A limit switch or other device shall be provided to prevent
machine room, and machinery space as applied to eleva-the load block from passing the safe upper limit of travel
tors and dumbwaiters.of all hoisting mechanisms.

• 620.22(A): Added requirement prohibiting required light-610.57 Clearance
ing in elevator car to be supplied from circuit conductors

The dimension of the working space in the direction of connected to the load side of a GFCI.
access to live parts that are likely to require examination,
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610.61Article 620 — Elevators, Dumbwaiters, Escalators, Moving Walks, Wheelchair Lifts, and Stairway Chair Lifts

Room/Machinery Space or Control Space• 620.61(B): Revised to require motor and branch-circuit
Lighting and Receptacle(s)overload protection to conform to Article 430, Part III,

(A) Separate Branch Circuitas well as 620.61(B).
(B) Lighting Switch• 620.61(B)(1) and (B)(4): Revised to permit, rather than
(C) Duplex Receptaclerequire, protection per 430.33.

620.24 Branch Circuit for Hoistway Pit Lighting and
Receptacle(s)

(A) Separate Branch Circuit
(B) Lighting SwitchContents
(C) Duplex Receptacle

I. General 620.25 Branch Circuits for Other Utilization
620.1 Scope Equipment
620.2 Definitions (A) Additional Branch Circuits
620.3 Voltage Limitations (B) Overcurrent Devices

(A) Power Circuits IV. Installation of Conductors
(B) Lighting Circuits 620.32 Metal Wireways and Nonmetallic Wireways
(C) Heating and Air-Conditioning Circuits 620.33 Number of Conductors in Raceways

620.4 Live Parts Enclosed 620.34 Supports
620.5 Working Clearances 620.35 Auxiliary Gutters

(A) Flexible Connections to Equipment 620.36 Different Systems in One Raceway or Traveling
(B) Guards Cable
(C) Examination, Adjusting, and Servicing 620.37 Wiring in Hoistways, Machine Rooms, Control
(D) Low Voltage Rooms, Machinery Spaces, and Control Spaces

II. Conductors (A) Uses Permitted
620.11 Insulation of Conductors (B) Lighting Protection

(A) Hoistway Door Interlock Wiring (C) Main Feeders
(B) Traveling Cables 620.38 Electrical Equipment in Garages and Similar
(C) Other Wiring Occupancies
(D) Insulation V. Traveling Cables

620.12 Minimum Size of Conductors 620.41 Suspension of Traveling Cables
(A) Traveling Cables 620.42 Hazardous (Classified) Locations
(B) Other Wiring 620.43 Location of and Protection for Cables

620.13 Feeder and Branch-Circuit Conductors 620.44 Installation of Traveling Cables
(A) Conductors Supplying Single Motor VI. Disconnecting Means and Control
(B) Conductors Supplying a Single Motor 620.51 Disconnecting Means

Controller (A) Type
(C) Conductors Supplying a Single Power (B) Operation

Transformer (C) Location
(D) Conductors Supplying More Than One Motor, (D) Identification and Signs

Motor Controller, or Power Transformer 620.52 Power from More Than One Source
620.14 Feeder Demand Factor (A) Single-Car and Multicar Installations
620.15 Motor Controller Rating (B) Warning Sign for Multiple Disconnecting

II. Wiring Means
620.21 Wiring Methods (C) Interconnection Multicar Controllers

(A) Elevators 620.53 Car Light, Receptacle(s), and Ventilation
Disconnecting Means(B) Escalators

620.54 Heating and Air-Conditioning Disconnecting(C) Wheelchair Lifts and Stairway Chairlift
MeansRaceways

620.55 Utilization Equipment Disconnecting Means620.22 Branch Circuits for Car Lighting, Receptacle(s),
VII. Overcurrent ProtectionVentilation, Heating, and Air Conditioning

620.61 Overcurrent Protection(A) Car Light Source
(A) Operating Devices and Control and Signaling(B) Air-Conditioning and Heating Source

Circuits620.23 Branch Circuits for Machine Room or Control
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620.1 Article 620 — Elevators, Dumbwaiters, Escalators, Moving Walks, Wheelchair Lifts, and Stairway Chair Lifts

620.2 Definitions
(B) Overload Protection for Motors
(C) Motor Feeder Short-Circuit and Ground-Fault New definitions for elevator and dumbwaiter control rooms,

Protection control spaces, machine rooms, and machinery spaces have
(D) Motor Branch-Circuit Short-Circuit and been included in 620.2. These four new definitions describe

Ground-Fault Protection the types of elevator or dumbwaiter equipment (controllers,
620.62 Selective Coordination driving machines, other associated electrical equipment, and

VIII. Machine Rooms, Control Rooms, Machinery Spaces, mechanical and hydraulic apparatus) that is and is not located
and Control Spaces in each of those respective areas. These terms are used in

620.71 Guarding Equipment various requirements of Article 620 and correlate with their
(A) Motor Controllers use in ASME A17.1-2004.
(B) Driving Machines

IX. Grounding
620.81 Metal Raceways Attached to Cards Control Room (for Elevator, Dumbwaiter). An enclosed
620.82 Electric Elevators control space outside the hoistway, intended for full bodily
620.83 Nonelectric Elevators entry, that contains the elevator motor controller. The room
620.84 Escalators, Moving Walks, Wheelchair Lifts, could also contain electrical and/or mechanical equipment

and Stairway Chairlifts used directly in connection with the elevator or dumbwaiter
620.85 Ground-Fault Circuit-Interrupter Protection for but not the electric driving machine or the hydraulic machine.

Personnel
Control Space (for Elevator, Dumbwaiter). A space in-X. Emergency and Standby Power Systems
side or outside the hoistway, intended to be accessed with620.91 Emergency and Standby Power Systems
or without full bodily entry, that contains the elevator motor(A) Regenerative Power
controller. This space could also contain electrical and/or(B) Other Building Loads
mechanical equipment used directly in connection with the(C) Disconnecting Means
elevator or dumbwaiter but not the electric driving machine
or the hydraulic machine.I. General
Control System. The overall system governing the starting,620.1 Scope
stopping, direction of motion, acceleration, speed, and retar-

This article covers the installation of electrical equipment dation of the moving member.
and wiring used in connection with elevators, dumbwaiters,

Controller, Motion. The electric device(s) for that part ofescalators, moving walks, wheelchair lifts, and stairway
the control system that governs the acceleration, speed, retar-chair lifts.
dation, and stopping of the moving member.

Since the 1996 edition of the Code, there has been a continu- Controller, Motor. The operative units of the control sys-
ing effort to revise Article 620 to harmonize elevator require- tem comprised of the starter device(s) and power conversion
ments throughout North America and to keep pace with equipment used to drive an electric motor, or the pumping
modern advances in elevator technology. These changes con- unit used to power hydraulic control equipment.
tinue to reflect time-honored safety concerns and more accu-

Controller, Operation. The electric device(s) for that partrately address the use of modern equipment.
of the control system that initiates the starting, stopping, and
direction of motion in response to a signal from an operating

FPN No. 1: For further information, see ASME/ANSI device.
A17.1-2000, Safety Code for Elevators and Escalators.
FPN No. 2: For further information, see ASME/ANSI Machine Room (for Elevator, Dumbwaiter). An enclosed
A17.5-1996 (CSA B44.1-1996), Elevator and Escalator machinery space outside the hoistway, intended for full
Electrical Equipment Certification Standard. bodily entry, that contains the electrical driving machine or

the hydraulic machine. The room could also contain electri-
FPN No. 1 to 620.1 points out the existence of the widely cal and/or mechanical equipment used directly in connection
recognized elevator code, ASME A17.1-2004, Safety Code with the elevator or dumbwaiter.
for Elevators and Escalators. ASME A17.1 contains many

Machinery Space (for Elevator, Dumbwaiter). A spaceconstruction and maintenance requirements, from required
inside or outside the hoistway, intended to be accessed withmachine room lighting to seismic considerations.
or without full bodily entry, that contains elevator or dumb-
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620.3Article 620 — Elevators, Dumbwaiters, Escalators, Moving Walks, Wheelchair Lifts, and Stairway Chair Lifts

waiter mechanical equipment, and could also contain electri- 620.3 Voltage Limitations
cal equipment used directly in connection with the elevator The supply voltage shall not exceed 300 volts between con-
or dumbwaiter. This space could also contain the electric ductors unless otherwise permitted in 620.3(A) through
driving machine or the hydraulic machine. 620.3(C).

Operating Device. The car switch, pushbuttons, key or tog-
(A) Power Circuits Branch circuits to door operator con-gle switch(s), or other devices used to activate the operation
trollers and door motors and branch circuits and feeders tocontroller.
motor controllers, driving machine motors, machine brakes,

Signal Equipment. Includes audible and visual equipment and motor-generator sets shall not have a circuit voltage in
such as chimes, gongs, lights, and displays that convey infor- excess of 600 volts. Internal voltages of power conversion
mation to the user. and functionally associated equipment, including the inter-

connecting wiring, shall be permitted to have higher volt-FPN No. 1: The motor controller, motion controller, and
ages, provided that all such equipment and wiring shall beoperation controller may be located in a single enclosure

or a combination of enclosures. listed for the higher voltages. Where the voltage exceeds
FPN No. 2: FPN Figure 620.2 is for information only. 600 volts, warning labels or signs that read ‘‘DANGER —

HIGH VOLTAGE’’ shall be attached to the equipment and
shall be plainly visible.FPN Figure 620.2 illustrates a typical elevator control sys-

tem. The figure does not suggest that every elevator control
(B) Lighting Circuits Lighting circuits shall comply withsystem should have these exact components.
the requirements of Article 410.The definitions in 620.2 and FPN Figure 620.2 separate

the control system into its functional parts. Article 620 uses
(C) Heating and Air-Conditioning Circuits Branch cir-the definitions to address and specify the proper safety con-
cuits for heating and air-conditioning equipment located oncerns of motor controllers, motion controllers, and operation
the elevator car shall not have a circuit voltage in excess ofcontrollers.
600 volts.
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620.4 Article 620 — Elevators, Dumbwaiters, Escalators, Moving Walks, Wheelchair Lifts, and Stairway Chair Lifts

be examined, adjusted, serviced, or maintained while ener-The voltage limitations for power, lighting, and heating and
gized without removal of this protection.air-conditioning circuits are described in 620.3. Voltage limi-

tations for power conversion units and functionally associ- FPN: See definition of Exposed in Article 100.
ated equipment have been replaced with a warning sign
requirement for voltages above 600 volts. (C) Examination, Adjusting, and Servicing Electrical

equipment is not required to be examined, adjusted, serviced,
or maintained while energized.620.4 Live Parts Enclosed
(D) Low Voltage Uninsulated parts are at a voltage notAll live parts of electrical apparatus in the hoistways, at the
greater than 30 volts rms, 42 volts peak, or 60 volts dc.landings, in or on the cars of elevators and dumbwaiters, in

the wellways or the landings of escalators or moving walks,
or in the runways and machinery spaces of wheelchair lifts II. Conductors
and stairway chairlifts shall be enclosed to protect against

620.11 Insulation of Conductorsaccidental contact.
The insulation of conductors shall comply with 620.11(A)

FPN: See 110.27 for guarding of live parts (600 volts, through 620.11(D).nominal, or less).

FPN: One method of determining that conductors are
620.5 Working Clearances flame retardant is by testing the conductors to the VW-

1 (Vertical-Wire) Flame Test in ANSI/UL 1581-1991,Working space shall be provided about controllers, discon-
Reference Standard for Electrical Wires, Cables, andnecting means, and other electrical equipment. The mini- Flexible Cords.

mum working space shall not be less than that specified in
110.26(A). (A) Hoistway Door Interlock Wiring The conductors to

Where conditions of maintenance and supervision en- the hoistway door interlocks from the hoistway riser shall
sure that only qualified persons examine, adjust, service, be flame retardant and suitable for a temperature of not
and maintain the equipment, the clearance requirements of less than 200�C (392�F). Conductors shall be Type SF or
110.26(A) shall be waived as permitted in 620.5(A) through equivalent.
620.5(D).

(B) Traveling Cables Traveling cables used as flexible
(A) Flexible Connections to Equipment Electrical equip- connections between the elevator or dumbwaiter car or coun-
ment in (A)(1) through (A)(4) shall be permitted to be pro- terweight and the raceway shall be of the types of elevator
vided with flexible leads to all external connections so that cable listed in Table 400.4 or other approved types.
it can be repositioned to meet the clear working space re-
quirements of 110.26(A): (C) Other Wiring All conductors in raceways shall have

flame-retardant insulation.
Conductors shall be Type MTW, TF, TFF, TFN, TFFN,Due to the physical constraints of the locations where this

THHN, THW, THWN, TW, XHHW, hoistway cable, or anyequipment is typically installed and the necessity of per-
other conductor with insulation designated as flame re-forming diagnostic work on it while it is energized, 620.5(A)
tardant. Shielded conductors shall be permitted if such con-permits flexible leads on equipment so it can be moved to
ductors are insulated for the maximum nominal circuita location that meets the working clearance requirements of
voltage applied to any conductor within the cable or raceway110.26(A).
system.

(D) Insulation All conductors shall have an insulation volt-(1) Controllers and disconnecting means for dumbwaiters,
age rating equal to at least the maximum nominal circuitescalators, moving walks, wheelchair lifts, and stairway
voltage applied to any conductor within the enclosure, cable,chairlifts installed in the same space with the driving
or raceway. Insulations and outer coverings that are markedmachine
for limited smoke and are so listed shall be permitted.(2) Controllers and disconnecting means for elevators in-

stalled in the hoistway or on the car
Hoistway door interlock wiring is required to be suitable(3) Controllers for door operators
for 200�C (392�F). See Table 310.13, Conductor Application(4) Other electrical equipment installed in the hoistway or
and Insulations. See also Table 310.18.on the car

See Table 400.4 for approved types of elevator cables
(B) Guards Live parts of the electrical equipment are suit- for use in hazardous (classified) and nonhazardous locations.
ably guarded, isolated, or insulated, and the equipment can
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620.13Article 620 — Elevators, Dumbwaiters, Escalators, Moving Walks, Wheelchair Lifts, and Stairway Chair Lifts

See also Note 5 to Table 400.4. A characteristic equally the conductor ampacity shall be based on the nameplate
current rating of the driving motor of the motor-generatorimportant with respect to safety is the need to prevent twist-

ing of cables as they travel up and down with the elevator set that supplies power to the elevator motor.
or dumbwaiter. FPN No. 1: The heating of conductors depends on root-

mean-square current values, which, with generator field
control, are reflected by the nameplate current rating of
the motor-generator driving motor rather than by the620.12 Minimum Size of Conductors
rating of the elevator motor, which represents actual butThe minimum size of conductors, other than conductors short-time and intermittent full-load current values.

that form an integral part of control equipment, shall be in
accordance with 620.12(A) and 620.12(B).

Figure 620.13 depicts the appropriate reference for each part
of an elevator circuit.(A) Traveling Cables

(1) Lighting Circuits For lighting circuits, 14 AWG cop-
per. 20 AWG copper or larger conductors shall be permitted FPN No. 2: See Figure 620.13.
in parallel, provided the ampacity is equivalent to at least
that of 14 AWG copper.

(2) Other Circuits For other circuits, 20 AWG copper.

(B) OtherWiring 24 AWG copper. Smaller size listed con-
ductors shall be permitted.

In general, the requirements of 310.4 provide the conditions
under which conductors can be installed in parallel for power
and lighting circuits. One of those conditions stipulates that
the minimum size for parallel conductors is 1/0 AWG. In
high-rise structures, the length of the elevator traveling ca-
bles is problematic with respect to maintaining an acceptable
level of voltage drop for equipment on or within the car. To
require compliance with the general rules for paral-
lel conductors would result in exceedingly large traveling
cables.

Section 620.12(B) amends the general requirements for
parallel conductors and permits 20 AWG and larger conduc-
tors to be installed in parallel for lighting circuits, provided
that the combined ampacity of the paralleled conductors is
not less than that of a 14 AWG conductor. This provision
is unique to Article 620 and is an example of the structure
of the Code as set forth in 90.3, in that a requirement in
Chapter 6 modifies a general requirement from Chapter 3.

The extensive use of electronics with correspondingly
lower currents permits the use of smaller wire sizes. The
use of conductors smaller than 24 AWG is permitted by
620.12(B), where they are listed for the purpose. One appli-

To supply
Common feeder

Feeder demand factor

Motor feeder short-
circuit and ground-
fault protection

Disconnecting means

Motor branch-circuit
short-circuit and
ground-fault protection

Branch-circuit conductors

External transformer
(optional)

Motor controller

Motor control circuits

Motor overload
protection

Motor conductors

Motor

Thermal protection
M

Article 430, Part I

Article 430, Part III

620.13

620.61(B)

620.61(A)

620.13, 620.15

Article 450

620.13

620.61(D)

620.51

620.61(C)

620.13

620.14

cation may be the shielded cables interconnecting various
microprocessors in an elevator distributed control system. Figure 620.13 Single-Line Diagram.
All conductors should, of course, have the necessary strength
and durability for the conditions to which they will be ex- (A) Conductors Supplying Single Motor Conductors
posed. supplying a single motor shall have an ampacity not less

than the percentage of motor nameplate current determined
from 430.22(A) and 430.22(E).

620.13 Feeder and Branch-Circuit Conductors
FPN: Elevator motor currents, or those of similar func-

Conductors shall have an ampacity in accordance with tions, may exceed the nameplate value, but because they
are inherently intermittent duty and the heating of the620.13(A) through 620.13(D). With generator field control,
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620.14 Article 620 — Elevators, Dumbwaiters, Escalators, Moving Walks, Wheelchair Lifts, and Stairway Chair Lifts

motor and conductors is dependent on the root-mean- 620.15 Motor Controller Rating
square (rms) current value, conductors are sized for duty

The motor controller rating shall comply with 430.83. Thecycle service as shown in Table 430.22(E).
rating shall be permitted to be less than the nominal rating

(B) Conductors Supplying a Single Motor Controller of the elevator motor, when the controller inherently limits
Conductors supplying a single motor controller shall have the available power to the motor and is marked as power
an ampacity not less than the motor controller nameplate limited.
current rating, plus all other connected loads.

FPN: For controller markings, see 430.8.
FPN: Motor controller nameplate current rating may be
derived based on the rms value of the motor current using The inherent power-limiting ability of certain adjustable-an intermittent duty cycle and other control system loads,

speed drive controllers is the basis for permitting the control-if applicable.
ler to have a lower current or horsepower rating than that

(C) Conductors Supplying a Single Power Transformer of the motor. To use a controller in this manner, the manufac-
Conductors supplying a single power transformer shall have turer’s marking must indicate that it is power limiting.
an ampacity not less than the nameplate current rating of
the power transformer plus all other connected loads.

III. Wiring
FPN No. 1: The nameplate current rating of a power

620.21 Wiring Methodstransformer supplying a motor controller reflects the
nameplate current rating of the motor controller at line Conductors and optical fibers located in hoistways, in escala-
voltage (transformer primary). tor and moving walk wellways, in wheelchair lifts, stairway
FPN No. 2: See Annex D, Example No. D10. chairlift runways, machinery spaces, control spaces, in or

on cars, in machine rooms and control rooms, not including(D) Conductors Supplying More Than One Motor,
the traveling cables connecting the car or counterweight andMotor Controller, or Power Transformer Conductors
hoistway wiring, shall be installed in rigid metal conduit,supplying more than one motor, motor controller, or power
intermediate metal conduit, electrical metallic tubing, rigidtransformer shall have an ampacity not less than the sum of
nonmetallic conduit, or wireways, or shall be Type MC, MI,the nameplate current ratings of the equipment plus all other
or AC cable unless otherwise permitted in 620.21(A) throughconnected loads. The ampere ratings of motors to be used
620.21(C).in the summation shall be determined from Table 430.22(E),

and 430.24 and 430.24, Exception No. 1. (A) Elevators

FPN: See Annex D, Example Nos. D9 and D10. (1) Hoistways

(a) Flexible metal conduit, liquidtight flexible metal
620.14 Feeder Demand Factor conduit, or liquidtight flexible nonmetallic conduit shall be
Feeder conductors of less ampacity than required by 620.13 permitted in hoistways between risers and limit switches,
shall be permitted, subject to the requirements of Table interlocks, operating buttons, and similar devices.
620.14. (b) Cables used in Class 2 power-limited circuits shall

be permitted to be installed between risers and signal equip-FPN: Demand factors are based on 50 percent duty cycle
ment and operating devices, provided the cables are sup-(i.e., half time on and half time off).
ported and protected from physical damage and are of a
jacketed and flame-retardant type.

Table 620.14 Feeder Demand Factors for Elevators
(c) Flexible cords and cables that are components of

listed equipment and used in circuits operating at 30 voltsNumber of Elevators on a
Single Feeder Demand Factor rms or less or 42 volts dc or less shall be permitted in lengths

not to exceed 1.8 m (6 ft), provided the cords and cables
1 1.00 are supported and protected from physical damage and are
2 0.95

of a jacketed and flame-retardant type.3 0.90
4 0.85
5 0.82 Limited (6 ft) lengths of flexible cord and cable are permitted
6 0.79 to be used on elevator cars, where the cord or cable is part
7 0.77 of listed equipment such as transducers (position, velocity,
8 0.75 direction) and the circuit is limited to 30 volts rms or 429 0.73

volts dc.10 or more 0.72
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620.21Article 620 — Elevators, Dumbwaiters, Escalators, Moving Walks, Wheelchair Lifts, and Stairway Chair Lifts

and-pinion or screw column drives located on cars. See also(d) Flexible metal conduit, liquidtight flexible metal
conduit, liquidtight flexible nonmetallic conduit or flexible 620.71(B).
cords and cables, or conductors grouped together and taped
or corded that are part of listed equipment, a driving machine,

(3) Within Machine Rooms, Control Rooms, and Ma-or a driving machine brake shall be permitted in the hoistway,
chinery Spaces and Control Spacesin lengths not to exceed 1.8 m (6 ft), without being installed

in a raceway and where located to be protected from physical
(a) Flexible metal conduit, liquidtight flexible metaldamage and are of a flame-retardant type.

conduit, or liquidtight flexible nonmetallic conduit of metric
(2) Cars designator 12 (trade size 3⁄8), or larger, not exceeding 1.8 m

(a) Flexible metal conduit, liquidtight flexible metal (6 ft) in length, shall be permitted between control panels
conduit, or liquidtight flexible nonmetallic conduit of metric and machine motors, machine brakes, motor-generator sets,
designator 12 (trade size 3⁄8), or larger, not exceeding 1.8 m disconnecting means, and pumping unit motors and valves.
(6 ft) in length, shall be permitted on cars where so located

Exception: Liquidtight flexible nonmetallic conduit metricas to be free from oil and if securely fastened in place.
designator 12 (trade size 3⁄8) or larger, as defined in 356.2(2),
shall be permitted to be installed in lengths in excess ofException: Liquidtight flexible nonmetallic conduit of met-
1.8 m (6 ft).ric designator 12 (trade size 3⁄8), or larger, as defined by

356.2(2), shall be permitted in lengths in excess of 1.8 m (b) Where motor-generators, machine motors, or pump-
(6 ft). ing unit motors and valves are located adjacent to or under-

(b) Hard-service cords and junior hard-service cords neath control equipment and are provided with extra-length
that conform to the requirements of Article 400 (Table 400.4) terminal leads not exceeding 1.8 m (6 ft) in length, such
shall be permitted as flexible connections between the fixed leads shall be permitted to be extended to connect directly
wiring on the car and devices on the car doors or gates. to controller terminal studs without regard to the carrying-
Hard-service cords only shall be permitted as flexible con- capacity requirements of Articles 430 and 445. Auxiliary
nections for the top-of-car operating device or the car-top gutters shall be permitted in machine and control rooms
work light. Devices or luminaires (fixtures) shall be between controllers, starters, and similar apparatus.
grounded by means of an equipment grounding conductor

(c) Flexible cords and cables that are components ofrun with the circuit conductors. Cables with smaller conduc-
listed equipment and used in circuits operating at 30 voltstors and other types and thicknesses of insulation and jackets
rms or less or 42 volts dc or less shall be permitted in lengthsshall be permitted as flexible connections between the fixed
not to exceed 1.8 m (6 ft), provided the cords and cableswiring on the car and devices on the car doors or gates, if
are supported and protected from physical damage and arelisted for this use.
of a jacketed and flame-retardant type.

(c) Flexible cords and cables that are components of
(d) On existing or listed equipment, conductors shalllisted equipment and used in circuits operating at 30 volts

also be permitted to be grouped together and taped or cordedrms or less or 42 volts dc or less shall be permitted in lengths
without being installed in a raceway. Such cable groups shallnot to exceed 1.8 m (6 ft), provided the cords and cables
be supported at intervals not over 900 mm (3 ft) and locatedare supported and protected from physical damage and are
so as to be protected from physical damage.of a jacketed and flame-retardant type.

(4) Counterweight Flexible metal conduit, liquidtight(d) Flexible metal conduit, liquidtight flexible metal
flexible metal conduit, liquidtight flexible nonmetallic con-conduit, liquidtight flexible nonmetallic conduit or flexible
duit or flexible cords and cables, or conductors groupedcords and cables, or conductors grouped together and taped
together and taped or corded that are part of listed equipment,or corded that are part of listed equipment, a driving machine,
a driving machine, or a driving machine brake shall beor a driving machine brake shall be permitted on the car
permitted on the counterweight assembly, in lengths not toassembly, in lengths not to exceed 1.8 m (6 ft) without being
exceed 1.8 m (6 ft) without being installed in a raceway andinstalled in a raceway and where located to be protected
where located to be protected from physical damage and arefrom physical damage and are of a flame-retardant type.
of a flame-retardant type.

The requirements of 620.21(A)(2)(d) describe the permitted (B) Escalators
wiring methods where a driving machine or driving machine

(1) Wiring Methods Flexible metal conduit, liquidtightbrake is located on the car. In addition to flexible metal and
flexible metal conduit, or liquidtight flexible nonmetallicnonmetallic conduits, the use of single conductors that are
conduit shall be permitted in escalator and moving walktaped or corded together is permitted. This use includes rack-
wellways. Flexible metal conduit or liquidtight flexible con-
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620.22 Article 620 — Elevators, Dumbwaiters, Escalators, Moving Walks, Wheelchair Lifts, and Stairway Chair Lifts

load side of a ground-fault circuit interrupter. A serviceduit of metric designator 12 (trade size 3⁄8) shall be permitted
in lengths not in excess of 1.8 m (6 ft). receptacle installed on an elevator car top is required to be

a GFCI-type device, and since the car lights and receptacle
Exception: Metric designator 12 (trade size 3⁄8), nominal,

are supplied from the same branch circuit, this requirement
or larger liquidtight flexible nonmetallic conduit, as defined

ensures that GFCI operation will not extinguish the car
in 356.2(2), shall be permitted to be installed in lengths in

lighting. The same requirement is found in 620.23(A) and
excess of 1.8 m (6 ft).

620.24(A) for machine room lighting and hoistway pit
lighting.(2) Class 2 Circuit Cables Cables used in Class 2 power-

limited circuits shall be permitted to be installed within
escalators and moving walkways, provided the cables are

(B) Air-Conditioning and Heating Source A dedicated
supported and protected from physical damage and are of a

branch circuit shall supply the air-conditioning and heating
jacketed and flame-retardant type.

units on each elevator car. The overcurrent device protecting
the branch circuit shall be located in the elevator machine(3) Flexible Cords Hard-service cords that conform to the
room or control room/machinery space or control space.requirements of Article 400 (Table 400.4) shall be permitted

as flexible connections on escalators and moving walk con-
trol panels and disconnecting means where the entire control The requirements in 620.22(A) and 620.22(B) specify that
panel and disconnecting means are arranged for removal the overcurrent devices protecting the branch circuits for
from machine spaces as permitted in 620.5. elevator car lighting and heating and air conditioning are to

be located in the elevator machine room or control room or(C) Wheelchair Lifts and Stairway Chairlift Raceways
in the elevator machinery or control space. This requirement

(1) Wiring Methods Flexible metal conduit or liquidtight facilitates ease of maintenance and troubleshooting and cor-
flexible metal conduit shall be permitted in wheelchair lifts relates with similar requirements in other North American
and stairway chairlift runways and machinery spaces. Flexi- standards. See Exhibit 620.1.
ble metal conduit or liquidtight flexible conduit of metric
designator 12 (trade size 3⁄8) shall be permitted in lengths
not in excess of 1.8 m (6 ft).

Exception: Metric designator 12 (trade size 3⁄8) or larger
liquidtight flexible nonmetallic conduit, as defined in
356.2(2), shall be permitted to be installed in lengths in
excess of 1.8 m (6 ft).

(2) Class 2 Circuit Cables Cables used in Class 2 power-
limited circuits shall be permitted to be installed within
wheelchair lifts and stairway chairlift runways and machin-
ery spaces, provided the cables are supported and protected
from physical damage and are of a jacketed and flame-
retardant type.

620.22 Branch Circuits for Car Lighting,
Receptacle(s), Ventilation, Heating,
and Air Conditioning

Elevator
power

Disconnects
and
overcurrent
protection

Branch
circuits for
car lighting,
heating, and
air conditioning

Elevator
controller

(A) Car Light Source A separate branch circuit shall sup-
ply the car lights, receptacle(s), auxiliary lighting power Exhibit 620.1 Disconnecting means and overcurrent devices for
source, and ventilation on each elevator car. The overcurrent elevator power, car lighting, and car heating/air-conditioning
device protecting the branch circuit shall be located in the branch circuits in the elevator machine room.
elevator machine room or control room/machinery space or
control space.

620.23 Branch Circuits for Machine Room orRequired lighting shall not be connected to the load
Control Room/Machinery Space or Controlside of a ground-fault circuit interrupter.
Space Lighting and Receptacle(s)
(A) Separate Branch Circuit A separate branch circuitSection 620.22 has been revised to prohibit elevator car
shall supply the machine room or control room/machinerylighting from being supplied from wiring connected to the
space or control space lighting and receptacle(s).
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620.36Article 620 — Elevators, Dumbwaiters, Escalators, Moving Walks, Wheelchair Lifts, and Stairway Chair Lifts

Required lighting shall not be connected to the load 620.22, 620.23, and 620.24. Other utilization equipment
shall be restricted to that equipment identified in 620.1.side of a ground-fault circuit interrupter.

(B) Overcurrent Devices The overcurrent devices pro-
Luminaires are not permitted to be connected to the load

tecting the branch circuit(s) shall be located in the elevator
side of a GFCI device of any kind, because the machine

machinery room or control room/machinery space or control
room lighting could be de-energized during certain fault

space.
conditions.

IV. Installation of Conductors
(B) Lighting Switch The machine room or control room/ 620.32 Metal Wireways and Nonmetallic
machinery space or control space lighting switch shall be Wireways
located at the point of entry.

The sum of the cross-sectional area of the individual conduc-
(C) Duplex Receptacle At least one 125-volt, single- tors in a wireway shall not be more than 50 percent of the
phase, duplex receptacle shall be provided in each machine interior cross-sectional area of the wireway.
room or control room and machinery space or control space. Vertical runs of wireways shall be securely supported

at intervals not exceeding 4.5 m (15 ft) and shall have notFPN: See ANSI/ASME A17.1-2000, Safety Code for
more than one joint between supports. Adjoining wirewayElevators and Escalators, for illumination levels.
sections shall be securely fastened together to provide a rigid
joint.The receptacles required by 620.23 and 620.24 are also

required to be provided with GFCI protection for personnel
620.33 Number of Conductors in Raceways(see 620.85). Luminaires are not permitted to be connected

to the load side of GFCI devices. See also the commentary The sum of the cross-sectional area of the individual conduc-
following 620.23(A). tors in raceways shall not exceed 40 percent of the interior

ASME A17.1-2004, Safety Code for Elevators and Es- cross-sectional area of the raceway, except as permitted in
calators, requires a minimum of 5 ft-candles (54 lux) at the 620.32 for wireways.
pit floor and requires luminaires to be externally guarded
to prevent accidental breakage. 620.34 Supports

Luminaires in pits should be mounted so that the car Supports for cables or raceways in a hoistway or in an
or counterweight does not strike them when on fully com- escalator or moving walk wellway or wheelchair lift and
pressed buffers. It is recommended that luminaires be stairway chairlift runway shall be securely fastened to the
mounted in the corners of the pit. guide rail; escalator or moving walk truss; or to the hoistway,

wellway, or runway construction.

620.24 BranchCircuit for Hoistway Pit Lighting
620.35 Auxiliary Guttersand Receptacle(s)
Auxiliary gutters shall not be subject to the restrictions of(A) Separate Branch Circuit A separate branch circuit
366.12(2) covering length or of 366.22 covering number ofshall supply the hoistway pit lighting and receptacle(s).
conductors.Required lighting shall not be connected to the load

side of a ground-fault circuit interrupter.
620.36 Different Systems in One Raceway or

(B) Lighting Switch The lighting switch shall be so located Traveling Cable
as to be readily accessible from the pit access door.

Optical fiber cables and conductors for operating devices,
operation and motion control, power, signaling, fire alarm,(C) Duplex Receptacle At least one 125-volt, single-
lighting, heating, and air-conditioning circuits of 600 voltsphase, duplex receptacle shall be provided in the hoistway
or less shall be permitted to be run in the same travelingpit.
cable or raceway system if all conductors are insulated forFPN: See ANSI/ASME A17.1-2000, Safety Code for
the maximum voltage applied to any conductor within theElevators and Escalators, for illumination levels.
cables or raceway system and if all live parts of the equip-
ment are insulated from ground for this maximum voltage.620.25 Branch Circuits for Other
Such a traveling cable or raceway shall also be permittedUtilization Equipment
to include shielded conductors and/or one or more coaxial
cables, if such conductors are insulated for the maximum(A) Additional Branch Circuits Additional branch cir-

cuit(s) shall supply utilization equipment not identified in voltage applied to any conductor within the cable or raceway
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620.37 Article 620 — Elevators, Dumbwaiters, Escalators, Moving Walks, Wheelchair Lifts, and Stairway Chair Lifts

horizontal distance of the elevator rails, bonding of the railssystem. Conductors shall be permitted to be covered with
suitable shielding for telephone, audio, video, or higher fre- to the lightning protection system grounding ‘‘down’’ con-

ductor(s) is required by NFPA 780, Standard for the Installa-quency communications circuits.
tion of Lightning Protection Systems. Bonding prevents a
dangerous side flash between the lightning protection systemWith the use of greater numbers of individual cables and
grounding ‘‘down’’ conductor(s) and the elevator rails. Athe use of much longer cables in tall buildings, there is a
lightning strike on the building air terminal will be conductedpossibility of intertwisting cable loops. To eliminate the
through the lightning protection system grounding ‘‘down’’practice of tying a cable to the traveling cable, one elevator
conductor(s), and, if the elevator rails are not at the samecable or raceway is permitted to enclose optical fiber cables
potential as the lightning protection system groundingand all the conductors for power, control, lighting, video,
‘‘down’’ conductor(s), a side flash may occur. Generally,fire alarm, and communications circuits if all conductors are
‘‘down’’ conductors are installed vertically near the perime-insulated for the maximum voltage applied to any conductor
ter of the structure, so this requirement may have applicationwithin the cable or raceway and all live parts are also insu-
to ‘‘outside’’ elevators.lated from ground for the maximum voltage present.

The revision of 620.36 in the 1999 Code clarified that
power-limited and non–power-limited fire alarm conductors

FPN: See 250.106 for bonding requirements. For further
are permitted in the same raceway or traveling cable as information, see NFPA 780-2004, Standard for the Instal-
power and other types of signaling conductors. All power, lation of Lightning Protection Systems.
signaling, and fire alarm conductors are to be insulated for

(C) Main Feeders Main feeders for supplying power tothe maximum voltage applied to any conductor in the race-
elevators and dumbwaiters shall be installed outside theway or cable.
hoistway unless as follows:

(1) By special permission, feeders for elevators shall be620.37 Wiring in Hoistways, Machine Rooms,
permitted within an existing hoistway if no conductors

Control Rooms, Machinery Spaces, are spliced within the hoistway.
and Control Spaces (2) Feeders shall be permitted inside the hoistway for eleva-
(A) Uses Permitted Only such electric wiring, raceways, tors with driving machine motors located in the hoistway
and cables used directly in connection with the elevator or or on the car or counterweight.
dumbwaiter, including wiring for signals, for communication
with the car, for lighting, heating, air conditioning, and venti- 620.38 Electrical Equipment in Garages and
lating the elevator car, for fire detecting systems, for pit Similar Occupancies
sump pumps, and for heating, lighting, and ventilating the Electrical equipment and wiring used for elevators, dumb-
hoistway, shall be permitted inside the hoistway, machine waiters, escalators, moving walks, and wheelchair lifts and
rooms, control rooms, machinery spaces, and control spaces. stairway chairlifts in garages shall comply with the require-

ments of Article 511.(B) Lightning Protection Bonding of elevator rails (car
and/or counterweight) to a lightning protection system FPN: Garages used for parking or storage and where no
grounding down conductor(s) shall be permitted. The light- repair work is done in accordance with 511.3 are not

classified.ning protection system grounding down conductor(s) shall
not be located within the hoistway. Elevator rails or other

V. Traveling Cableshoistway equipment shall not be used as the grounding down
conductor for lightning protection systems. 620.41 Suspension of Traveling Cables

Traveling cables shall be suspended at the car and hoistways’
Elevator hoistways are often convenient locations to run ends, or counterweight end where applicable, so as to reduce
wiring from the basement to the roof. However, 620.37(B) the strain on the individual copper conductors to a minimum.
prohibits equipment and wiring not associated with the eleva- Traveling cables shall be supported by one of the follow-
tor from being installed in elevator machine rooms and ing means:
hoistways. Only electrical equipment and wiring used di-

(1) By their steel supporting member(s)rectly in connection with the elevator may be installed inside
(2) By looping the cables around supports for unsupportedthe hoistway and the machine room.

lengths less than 30 m (100 ft)Where a lightning protection system is provided, and
(3) By suspending from the supports by a means that auto-where a lightning protection system grounding ‘‘down’’ con-

matically tightens around the cable when tension isductor(s) located outside the hoistway is within a critical
increased for unsupported lengths up to 60 m (200 ft)
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620.51Article 620 — Elevators, Dumbwaiters, Escalators, Moving Walks, Wheelchair Lifts, and Stairway Chair Lifts

FPN: Unsupported length for the hoistway suspension ment in the hoistway. Where necessary, suitable guards shall
means is that length of cable as measured from the point be provided to protect the cables against damage.
of suspension in the hoistway to the bottom of the loop,
with the elevator car located at the bottom landing. Un-

620.44 Installation of Traveling Cablessupported length for the car suspension means is that
length of cable as measured from the point of suspension Traveling cable shall be permitted to be run without the use
on the car to the bottom of the loop, with the elevator

of a raceway for a distance not exceeding 1.8 m (6 ft) incar located at the top landing.
length as measured from the first point of support on the
elevator car or hoistway wall, or counterweight where appli-

Traveling cables between fixed suspension points are not cable, provided the conductors are grouped together and
required to be installed in a raceway. If the fixed suspension taped or corded, or in the original sheath.
point is on top of the car, the cables on the side of the car Traveling cables shall be permitted to be continued as
might be exposed. Suitable guards are necessary to protect fixed wiring to elevator controller enclosures and to elevator
these cables from damage. If the suspension point is under car and machine room, control room, machinery space, and
the car, the cables might be run up the side of the car to the control space connections, provided they are suitably sup-
car’s top junction box. If the runs are over 6 ft, the cables ported and protected from physical damage.
are required to be run in a raceway. Refer to 620.44 and
Exhibit 620.2. VI. Disconnecting Means and Control

620.51 Disconnecting Means
620.42 Hazardous (Classified) Locations

A single means for disconnecting all ungrounded main
In hazardous (classified) locations, traveling cables shall be power supply conductors for each unit shall be provided and
of a type approved for hazardous (classified) locations be designed so that no pole can be operated independently.
and shall comply with 501.140, 502.140, or 503.140, as Where multiple driving machines are connected to a single
applicable. elevator, escalator, moving walk, or pumping unit, there

shall be one disconnecting means to disconnect the motor(s)
620.43 Location of and Protection for Cables and control valve operating magnets.

The disconnecting means for the main power supplyTraveling cable supports shall be located so as to reduce to
a minimum the possibility of damage due to the cables conductors shall not disconnect the branch circuit required

in 620.22, 620.23, and 620.24.coming in contact with the hoistway construction or equip-

Exhibit 620.2 Unsupported
lengths of traveling cable.

Unsupported
traveling

cable length

Unsupported
traveling

cable length

Controller Controller

Hoist
ropes

Hoist
ropes

Bottom
landing

Top
landing

Car

Car
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620.51 Article 620 — Elevators, Dumbwaiters, Escalators, Moving Walks, Wheelchair Lifts, and Stairway Chair Lifts

The branch circuits that supply elevator car lighting, recepta- Elevator shutdown is generally accomplished through
the use of heat detectors located near sprinkler heads. Thecles, ventilation, air conditioning, and heating are required

to be independent of the control portion of the elevator. In heat detectors are designed to actuate and generate an alarm
signal prior to water discharge from the sprinkler heads. Anaddition, the branch circuits supplying hoistway pit lighting

and receptacles and machine room or control room lights output control relay powered by the fire alarm system then
provides a monitored output to the main line disconnectingand receptacles are not permitted to be disconnected by the

main elevator power disconnect. This requirement provides means control circuit, which activates the shunt trip. This
practice ensures that all components have secondary powerfor passenger safety and comfort and for the safety of eleva-

tor maintenance personnel during an inadvertent or emer- and are monitored for integrity, as required by NFPA 72�,
National Fire Alarm Code�. Stand-alone heat detectors con-gency shutdown of the main power circuit to the elevator.
nected directly to the elevator disconnecting means control
circuit are not monitored for integrity, have no secondary

(A) Type The disconnecting means shall be an enclosed
power supply, and are not permitted by NFPA 72.

externally operable fused motor circuit switch or circuit
Elevator shutdown can occur even if the car is not at a

breaker capable of being locked in the open position. The
landing. However, to avoid trapping occupants in the car(s),

disconnecting means shall be a listed device.
it is highly desirable to recall the car(s) to the designated

FPN: For additional information, see ASME/ANSI landing prior to disconnecting the main line power. Most
A17.1-2000, Safety Code for Elevators and Escalators. fires produce detectable quantities of smoke before there is

sufficient heat to activate a sprinkler head. Therefore, ASMEException: Where an individual branch circuit supplies a
A17.1-2004, Safety Code for Elevators and Escalators, Rulewheelchair lift, the disconnecting means required by
102.2(c), requires smoke detectors to be installed in620.51(C)(4) shall be permitted to comply with 430.109(C).
hoistways that are sprinklered for the purposes of recallingThis disconnecting means shall be listed and shall be capable
the elevator car(s) before the main line power is discon-of being locked in the open position.
nected. See 6.15.4 of NFPA 72, National Fire Alarm Code,

(B) Operation No provision shall be made to open or close for additional requirements relating to the fire alarm system
this disconnecting means from any other part of the premises. and elevator shutdown.
If sprinklers are installed in hoistways, machine rooms, con- Exhibit 620.3 illustrates a typical method of supervising
trol rooms, machinery spaces, or control spaces, the discon- control power using a fire alarm system. Loss of control
necting means shall be permitted to automatically open the power produces a supervisory signal at the fire alarm control
power supply to the affected elevator(s) prior to the applica- unit that then would be investigated.
tion of water. No provision shall be made to automatically
close this disconnecting means. Power shall only be restored

(C) Location The disconnecting means shall be locatedby manual means.
where it is readily accessible to qualified persons.

FPN: To reduce hazards associated with water on live
elevator electrical equipment. (1) On Elevators Without Generator Field Control On

elevators without generator field control, the disconnecting
means shall be located within sight of the motor controller.ASME A17.1-2004, Safety Code for Elevators and Escala-
Driving machines or motion and operation controllers nottors, Rule 2.8.2.3 requires that where sprinklers are installed
within sight of the disconnecting means shall be providedin hoistways, machine rooms, or machinery spaces, a means
with a manually operated switch installed in the controlmust be provided to automatically disconnect the main line
circuit to prevent starting. The manually operated switch(es)power supply to the affected elevator(s) upon or prior to the
shall be installed adjacent to this equipment.application of water. Water on elevator electrical equipment

Where the driving machine of an electric elevator orcan result in hazards such as uncontrolled car movement
the hydraulic machine of a hydraulic elevator is located in(wet machine brakes), movement of elevator with open doors
a remote machine room or remote machinery space, a single(water on safety circuits bypassing car and/or hoistway door
means for disconnecting all ungrounded main power supplyinterlocks), and shock hazards.
conductors shall be provided and be capable of being lockedAutomatic disconnection of the main line power supply
in the open position.is not required by ASME A17.1-2004, Safety Code for Eleva-

tors and Escalators, where hoistways and machine rooms
are not sprinklered. NFPA 13, Standard for the Installation See Exhibit 620.4 for disconnecting means for driving ma-

chines or motion and operation controllers not within sightof Sprinkler Systems, provides requirements for the installa-
tion of sprinklers in machine rooms, hoistways, and pits. of the main line disconnecting means.
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620.51Article 620 — Elevators, Dumbwaiters, Escalators, Moving Walks, Wheelchair Lifts, and Stairway Chair Lifts

Motor
controller M

Driving
machine

Cwt.

Car

Obstruction

Machine room disconnect
within sight of and not 
more than 50 ft away from 
motor controller

Motion
and

operation
controller

Additional switch 
adjacent to remote
equipment (i.e., not
within sight of machine 
room disconnect) 
connected in control 
circuit to prevent 
starting

Machine room

Obstruction

Exhibit 620.4 Disconnecting means for driving machines or mo-
tion and operation controllers not within sight of the main line
disconnecting means. (Redrawn courtesy of ASME)

Shunt trip circuit breaker

Elevator power shunt trip

CR1

CR2

EOL
EOL

Un grounded
conductor

Grounded
conductor

120-V
ac circuit

(power to operate
the shunt

trip breaker)

Supervised elevator
power circuit from 
fire alarm system

To initiating
device circuit

*Relay contacts
are shown
 de-energized.

*

Supervisory 
signal to fire 
alarm panel

*

Exhibit 620.3 Typical method of control power supervision using
a fire alarm control unit.

(2) On Elevators with Generator Field Control On ele-
vators with generator field control, the disconnecting means
shall be located within sight of the motor controller for the
driving motor of the motor-generator set. Driving machines,
motor-generator sets, or motion and operation controllers
not within sight of the disconnecting means shall be provided
with a manually operated switch installed in the control
circuit to prevent starting. The manually operated switch(es)
shall be installed adjacent to this equipment.

Where the driving machine or the motor-generator set
is located in a remote machine room or remote machinery
space, a single means for disconnecting all ungrounded main
power supply conductors shall be provided and be capable
of being locked in the open position.

See Exhibit 620.5 and Exhibit 620.6 for examples of discon-
necting means for a motor-generator set and for driving
machines in remote locations.

Motor
controller

M

Cwt.

Car

Machine room disconnect
within sight of and not 
more than 50 ft away from 
motor controller

Main machine room level

G

AC
MG set

Remote machine
room level

Additional disconnect

(3) On Escalators and Moving Walks On escalators and Exhibit 620.5 Disconnecting means for a motor-generator (MG)
moving walks, the disconnecting means shall be installed set in a remote location. (Redrawn courtesy of ASME)
in the space where the controller is located.
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620.52 Article 620 — Elevators, Dumbwaiters, Escalators, Moving Walks, Wheelchair Lifts, and Stairway Chair Lifts

the one disconnected, a warning sign shall be mounted on
or next to the disconnecting means. The sign shall be clearly
legible and shall read as follows:

WARNING
PARTS OF THE CONTROLLER ARE NOT

DE-ENERGIZED BY THIS SWITCH.

(C) Interconnection Multicar Controllers Where inter-
connections between controllers are necessary for the opera-
tion of the system on multicar installations that remain
energized from a source other than the one disconnected, a
warning sign in accordance with 620.52(B) shall be mounted
on or next to the disconnecting means.

620.53 Car Light, Receptacle(s), and Ventilation
Disconnecting Means
Elevators shall have a single means for disconnecting all
ungrounded car light, receptacle(s), and ventilation power-
supply conductors for that elevator car.

The disconnecting means shall be an enclosed externally
operable fused motor circuit switch or circuit breaker capable

Motor
controller

M

Cwt.
Car

Machine room disconnect
within sight of and not 
more than 50 ft away from 
motor controller

Main machine room level

G

AC
MG set

Remote machine
room level

Additional disconnect

of being locked in the open position and shall be located in
the machine room or control room for that elevator car.Exhibit 620.6 Disconnecting means for driving machines in a

remote location. (Redrawn courtesy of ASME) Where there is no machine room or control room, the discon-
necting means shall be located in the same space as the
disconnecting means required by 620.51.

(4) On Wheelchair Lifts and Stairway Chairlifts On
This requirement specifies the location of the disconnectingwheelchair lifts and stairway chairlifts, the disconnecting
means for lighting, receptacle, and ventilation branch circuitsmeans shall be located within sight of the motor controller.
associated with elevators that do not have a machine room.
This type of installation includes those designs using drive(D) Identification and Signs Where there is more than one
systems located on the car, on the counterweight, or indriving machine in a machine room, the disconnecting means
the hoistway. Such designs include screw drive or linearshall be numbered to correspond to the identifying number
induction motor drives. See ASME A17.1-2004, Safety Codeof the driving machine that they control.
for Elevators and Escalators, for more information on thisThe disconnecting means shall be provided with a sign
type of arrangement.to identify the location of the supply side overcurrent protec-

tive device.

Disconnecting means shall be numbered to correspond
Sign requirements for the location of supply-side overcurrent

to the identifying number of the elevator car whose light
devices assist the elevator mechanic in troubleshooting dur-

source they control.
ing a power loss.

The disconnecting means shall be provided with a sign
to identify the location of the supply side overcurrent protec-
tive device.620.52 Power from More Than One Source

(A) Single-Car and Multicar Installations On single-car 620.54 Heating and Air-Conditioning
and multicar installations, equipment receiving electrical

Disconnecting Means
power from more than one source shall be provided with a

Elevators shall have a single means for disconnecting alldisconnecting means for each source of electrical power. The
ungrounded car heating and air-conditioning power-supplydisconnecting means shall be within sight of the equipment
conductors for that elevator car.served.

The disconnecting means shall be an enclosed externally
operable fused motor circuit switch or circuit breaker capable(B) Warning Sign for Multiple Disconnecting Means

Where multiple disconnecting means are used and parts of of being locked in the open position and shall be located in
the machine room or control room for that elevator car.the controllers remain energized from a source other than
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620.62Article 620 — Elevators, Dumbwaiters, Escalators, Moving Walks, Wheelchair Lifts, and Stairway Chair Lifts

Where there is no machine room or control room, the discon- motor-generators used with generator field control shall be
rated as intermittent. Such motors shall be permitted to benecting means shall be located in the same space as the

disconnecting means required by 620.51. protected against overload in accordance with 430.33.
Where there is equipment for more than one elevator

(2) Duty Rating on Escalator Motors Duty on escalatorcar in the machine room, the disconnecting means shall be
and moving walk driving machine motors shall be rated asnumbered to correspond to the identifying number of the
continuous. Such motors shall be protected against overloadelevator car whose heating and air-conditioning source they
in accordance with 430.32.control.

The disconnecting means shall be provided with a sign (3) Overload Protection Escalator and moving walk driv-
to identify the location of the supply side overcurrent protec- ing machine motors and driving motors of motor-generator
tive device. sets shall be protected against running overload as provided

in Table 430.37.
620.55 Utilization Equipment

(4) Duty Rating and Overload Protection onWheelchairDisconnecting Means
and Stairway Chairlift Motors Duty on wheelchair liftEach branch circuit for other utilization equipment shall have
and stairway chairlift driving machine motors shall be rateda single means for disconnecting all ungrounded conductors.
as intermittent. Such motors shall be permitted to be pro-The disconnecting means shall be capable of being locked
tected against overload in accordance with 430.33.in the open position and shall be located in the machine

room or control room/machine space or control space. Where FPN: For further information, see 430.44 for orderly
shutdown.there is more than one branch circuit for other utilization

equipment, the disconnecting means shall be numbered to
(C) Motor Feeder Short-Circuit and Ground-Fault Pro-correspond to the identifying number of the equipment
tection Motor feeder short-circuit and ground-fault protec-served. The disconnecting means shall be provided with a
tion shall be as required in Article 430, Part V.sign to identify the location of the supply side overcurrent

protective device. (D) Motor Branch-Circuit Short-Circuit and Ground-
Fault Protection Motor branch-circuit short-circuit and

VII. Overcurrent Protection ground-fault protection shall be as required in Article 430,
Part IV.620.61 Overcurrent Protection

Overcurrent protection shall be provided in accordance with 620.62 Selective Coordination
620.61(A) through 620.61(D).

Where more than one driving machine disconnecting means
is supplied by a single feeder, the overcurrent protective(A) Operating Devices and Control and Signaling Cir-
devices in each disconnecting means shall be selectivelycuits Operating devices and control and signaling circuits
coordinated with any other supply side overcurrent protec-shall be protected against overcurrent in accordance with
tive devices.the requirements of 725.23 and 725.24.

Class 2 power-limited circuits shall be protected against
overcurrent in accordance with the requirements of Chapter Coordination of the overcurrent protective devices is im-
9, Notes to Tables 11(A) and 11(B). portant. For example, if a building contains three elevators

and a fault occurs in the circuit conductors to one of the
(B) Overload Protection for Motors Motor and branch- elevators, only the overcurrent device ahead of that faulted
circuit overload protection shall conform to Article 430, Part circuit should open. Coordination leaves the remaining two
III, and the following: elevators in operation. This is especially important because

elevators are commonly used to carry fire fighters and equip-
This new text clarifies that overload protection as specified ment closer to the fire during fire-fighting operations.
in Part III of Article 430 applies to motors associated with Where the overcurrent devices in the elevator room
elevators, dumbwaiters, escalators, and wheelchair and stair- do not have proper coordination with the upstream feeder
way lifts. Specific permission to use the provisions of 430.33 overcurrent device, there is increased potential for interrup-
for intermittent duty motors is given in 620.61(B)(1) and tion of power to all three elevators.
620.61(B)(4). For selective coordination of overcurrent protective de-

vices, the manufacturer’s time-current curves, let-through
and withstand capacity data, and unlatching times data must

(1) Duty Rating on Elevator, Dumbwaiter, and Motor- be used for sizing or setting overcurrent devices. See Exhibit
Generator Sets Driving Motors Duty on elevator and 620.7.
dumbwaiter driving machine motors and driving motors of
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620.71 Article 620 — Elevators, Dumbwaiters, Escalators, Moving Walks, Wheelchair Lifts, and Stairway Chair Lifts

620.82 Electric Elevators
For electric elevators, the frames of all motors, elevator
machines, controllers, and the metal enclosures for all electri-
cal equipment in or on the car or in the hoistway shall be
grounded in accordance with Article 250.

620.83 Nonelectric Elevators
For elevators other than electric having any electric conduc-
tors attached to the car, the metal frame of the car, where
normally accessible to persons, shall be grounded in accor-
dance with Article 250.

EMain distribution
switchboard

Fault X1 EE

A B C

620.84 Escalators, Moving Walks, Wheelchair
Exhibit 620.7 Example of selective coordination, in which only Lifts, and Stairway Chairlifts
overcurrent devices in switch A should open for a fault at X1.

Escalators, moving walks, wheelchair lifts, and stairwayFeeder overcurrent devices in the main distribution panel should
chairlifts shall comply with Article 250.not open, so two elevators can remain in use. See 620.51(A) for

the requirement regarding power supply disconnecting means.
620.85 Ground-Fault Circuit-Interrupter
Protection for Personnel
Each 125-volt, single-phase, 15- and 20-ampere receptacleVIII. Machine Rooms, Control Rooms,
installed in pits, in hoistways, on elevator car tops, and inMachinery Spaces, and Control
escalator and moving walk wellways shall be of the ground-Spaces
fault circuit-interrupter type.

All 125-volt, single-phase, 15- and 20-ampere recepta-620.71 Guarding Equipment
cles installed in machine rooms and machinery spaces shallElevator, dumbwaiter, escalator, and moving walk driving
have ground-fault circuit-interrupter protection for personnel.machines; motor-generator sets; motor controllers; and dis-

A single receptacle supplying a permanently installedconnecting means shall be installed in a room or space set
sump pump shall not require ground-fault circuit-interrupteraside for that purpose unless otherwise permitted in
protection.620.71(A) or 620.71(B). The room or space shall be secured

against unauthorized access.
The GFCI requirements of 620.85 are intended to reduce the(A) Motor Controllers Motor controllers shall be permit-
shock hazard to maintenance personnel who service elevator

ted outside the spaces herein specified, provided they are in
equipment using portable hand tools and temporary lighting.

enclosures with doors or removable panels that are capable
The first paragraph of 620.85 requires a GFCI-type

of being locked in the closed position and the disconnecting
receptacle for each 15- and 20-ampere receptacle installed

means is located adjacent to or is an integral part of the
in pits, on elevator car tops, and in escalator and moving-

motor controller. Motor controller enclosures for escalator
walk wellways. This requirement is based on the premise that

or moving walks shall be permitted in the balustrade on the
the reset pushbutton for a tripped GFCI receptacle should be

side located away from the moving steps or moving
within easy reach of an elevator mechanic working in con-

treadway. If the disconnecting means is an integral part of
fined spaces.

the motor controller, it shall be operable without opening
The second paragraph of 620.85 requires that all 15-

the enclosure.
and 20-ampere receptacles installed in machine rooms and

(B) DrivingMachines Elevators with driving machines lo- machinery spaces have GFCI protection for personnel. This
cated on the car, on the counterweight, or in the hoistway, protection can be afforded by either a GFCI-type circuit
and driving machines for dumbwaiters, wheelchair lifts, and breaker or a GFCI-type receptacle because machine spaces
stairway lifts shall be permitted outside the spaces herein usually do not cause access hazards for service personnel.
specified.

X. Emergency and StandbyIX. Grounding
Power Systems620.81 Metal Raceways Attached to Cars

620.91 Emergency and Standby Power SystemsMetal raceways, Type MC cable, Type MI cable, or Type
AC cable attached to elevator cars shall be bonded to An elevator(s) shall be permitted to be powered by an emer-

gency or standby power system.grounded metal parts of the car that they contact.
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620.91Article 625 — Electric Vehicle Charging System

FPN: See ASME/ANSI A17.1-2000, Rule 2.27.2, and
(B) NoninterchangeabilityCAN/CSA-B44-1994, Clause 3.12.13, for additional in-

formation. (C) Construction and Installation
(D) Unintentional Disconnection

(A) Regenerative Power For elevator systems that regen- (E) Grounding Pole
erate power back into the power source that is unable to (F) Grounding Pole Requirements
absorb the regenerative power under overhauling elevator III. Equipment Construction
load conditions, a means shall be provided to absorb this 625.13 Electric Vehicle Supply Equipment
power. 625.14 Rating

625.15 Markings(B) Other Building Loads Other building loads, such as
(A) Generalpower and lighting, shall be permitted as the energy absorp-
(B) Ventilation Not Requiredtion means required in 620.91(A), provided that such loads
(C) Ventilation Requiredare automatically connected to the emergency or standby

625.16 Means of Couplingpower system operating the elevators and are large enough
625.17 Cableto absorb the elevator regenerative power.
625.18 Interlock
625.19 Automatic De-Energization of Cable(C) Disconnecting Means The disconnecting means re-

IV. Control and Protectionquired by 620.51 shall disconnect the elevator from both
625.21 Overcurrent Protectionthe emergency or standby power system and the normal
625.22 Personnel Protection Systempower system.
625.23 Disconnecting MeansWhere an additional power source is connected to the
625.25 Loss of Primary Sourceload side of the disconnecting means, the disconnecting
625.26 Interactive Systemsmeans required in 620.51 shall be provided with an auxiliary

V. Electric Vehicle Supply Equipment Locationscontact that is positively opened mechanically, and the open-
625.28 Hazardous (Classified) Locationsing shall not be solely dependent on springs. This contact
625.29 Indoor Sitesshall cause the additional power source to be disconnected

(A) Locationfrom its load when the disconnecting means is in the open
(B) Heightposition.
(C) Ventilation Not Required
(D) Ventilation Required

625.30 Outdoor SitesARTICLE 625
(A) LocationElectric Vehicle Charging System (B) Height

Summary of Changes I. General
• 625.26:Added new requirement allowing an electric vehi-

cle to serve as an optional standby system or an electric A variety of street- and highway-worthy electric and combi-
power production source or provide for bi-directional nation electric/fossil fuel vehicles are becoming available to
power feed if listed as suitable for that purpose and it consumers. New and proposed legislation in several regions
complies with Article 702 and Article 705. around the United States calls for increasing deployment of

electric vehicles as a way to reduce air pollution. Other
states have adopted similar requirements. In addition, the
Clean Air Act Amendments of 1990 and the National Energy

Contents Policy Act of 1992 have requirements for public and private
purchases of clean-fuel vehicles and alternatively fueled ve-I. General

625.1 Scope hicles, respectively. Electric vehicles fulfill both those re-
quirements. It is apparent that electric vehicle charging will625.2 Definitions

625.3 Other Articles be occurring in all occupancies, including residential, com-
mercial, retail, and public sites.625.4 Voltages

625.5 Listed or Labeled Article 625 sets forth installation safety requirements
for typical hard-wired conductive connections of batteryII. Wiring Methods

625.9 Electric Vehicle Coupler charging equipment, as well as the safety concerns of the new
‘‘smart’’ inductive coupling connections of battery charging(A) Polarization
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625.1 Article 625 — Electric Vehicle Charging System

ductively Coupled Charging, and from Underwriters Labora-equipment. In particular, this article covers the wiring meth-
ods, equipment construction, control and protection, and tories, UL 2231-1, Standard for Personnel Protection

Systems for Electric Vehicle Supply Circuits: General Re-equipment locations for automotive-type vehicle charging
equipment. Throughout Article 625, the intent is to prevent quirements, and UL 2231-2, Standard for Personnel Protec-

tion Systems for Electric Vehicle Supply Circuits: Particularthe users of electric equipment associated with the vehicle
charging system from being exposed to energized live parts Requirements for Protection Devices for Use in Charging

Systems.and to provide for a safe vehicle charging environment.

625.1 Scope Electric Vehicle. An automotive-type vehicle for highway
The provisions of this article cover the electrical conductors use, such as passenger automobiles, buses, trucks, vans,
and equipment external to an electric vehicle that connect neighborhood electric vehicles, and the like, primarily pow-
an electric vehicle to a supply of electricity by conductive ered by an electric motor that draws current from a rechargea-
or inductive means, and the installation of equipment and ble storage battery, fuel cell, photovoltaic array, or other
devices related to electric vehicle charging. source of electric current. For the purpose of this article,

electric motorcycles and similar type vehicles and off-road
self-propelled electric vehicles, such as industrial trucks,The scope of Article 625 is intended to cover all electrical
hoists, lifts, transports, golf carts, airline ground supportwiring and equipment installed between the service point and
equipment, tractors, boats, and the like, are not included.the skin of the automotive-type electric vehicle. Automotive-

type electric vehicles are emphasized because they are much
different from other electric vehicles commonly used today. The primary difference between electric vehicles as defined
Most existing electric vehicles are off-road types, such as in Article 625 and electric vehicles covered by other sections
industrial forklifts, hoists, lifts, transports, golf carts, and in the NEC is in their road and highway worthiness. The
airport personnel trams. The charging requirements and other automotive electric vehicles under consideration are compa-
exterior electrical connections are usually serviced and main- rable in performance and function to the conventional auto-
tained by trained mechanics or technicians. The NEC has mobiles and light trucks in use today. The automotive electric
adequate provisions to allow the authority having jurisdic- vehicles under development must be capable of complying
tion to make interpretations that provide the safety levels with the Federal Motor Vehicle Safety Standards and other
needed for these installations. Department of Transportation, National Highway Traffic

Article 625 specifically excludes off-road vehicles, to Safety Administration, and U.S. Environmental Protection
avoid conflict with existing articles. Motorcycles are not Agency requirements. The definition of electric vehicle has
covered by Article 625 because motorcycles typically have been revised for the 2005 Code to include neighborhood
smaller propulsion systems that operate at lower voltages, electric vehicles, which are low-speed, limited-use electric
12 to 24 volts dc versus 100 to 350 volts dc for electric vehicles similar to golf carts but provided with automotive-
automotive vehicles. Typically, motorcycles are charged grade headlights, seat belts, windshields, brakes, and other
from standard 120-volt, 15-ampere receptacles due to lower safety equipment. Neighborhood electric vehicles are in-
battery capacity. GFCI protection is not mandatory for charg- creasing in popularity as low-cost, energy-efficient, zero-
ing electric motorcycles. However, 210.8(A)(2) and polluting alternatives to traditional automobiles. Under
210.8(A)(3) require GFCI protection of receptacles in the National Highway Traffic Safety Administration guidelines,
locations where an electric motorcycle would typically be the intended use for these vehicles is shopping and recreation
charged. in inner-city areas and planned and retirement communities

where the street speed limit is 35 mph or less. Electric
vehicles, such as lift trucks and golf carts, are not covered

FPN: For industrial trucks, see NFPA 505-2002, Fire by Article 625.
Safety Standard for Powered Industrial Trucks Including
Type Designations, Areas of Use, Conversions, Mainte-
nance, and Operation.

Electric Vehicle Connector. A device that, by insertion
625.2 Definitions into an electric vehicle inlet, establishes an electrical connec-

tion to the electric vehicle for the purpose of charging and
Several of the definitions in 625.2 correlate with industry information exchange. This device is part of the electric
standards such as those from the Society of Automotive vehicle coupler.
Engineers, SAE J1772, SAE Electric Vehicle Conductive

Electric Vehicle Coupler. A mating electric vehicle inletCharge Coupler, and SAE J1773, SAE Electric Vehicle In-
and electric vehicle connector set.
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625.9Article 625 — Electric Vehicle Charging System

Electric Vehicle Inlet. The device on the electric vehicle and electric vehicle connector. The definition of electric
into which the electric vehicle connector is inserted for vehicle includes all off-vehicle charging equipment and does
charging and information exchange. This device is part of not include charging equipment installed on the vehicle.
the electric vehicle coupler. For the purposes of this Code,
the electric vehicle inlet is considered to be part of the
electric vehicle and not part of the electric vehicle supply Personnel Protection System. A system of personnel pro-
equipment. tection devices and constructional features that when used

together provide protection against electric shock of person-Electric Vehicle Nonvented Storage Battery. A hermeti-
nel.cally sealed battery comprised of one or more rechargeable

electrochemical cells that has no provision for the release
of excessive gas pressure, or for the addition of water or 625.3 Other Articles
electrolyte, or for external measurements of electrolyte spe- Wherever the requirements of other articles of this Code
cific gravity. and Article 625 differ, the requirements of Article 625 shall

apply.Electric Vehicle Supply Equipment. The conductors, in-
cluding the ungrounded, grounded, and equipment ground-
ing conductors and the electric vehicle connectors, 625.4 Voltages
attachment plugs, and all other fittings, devices, power out- Unless other voltages are specified, the nominal ac system
lets, or apparatus installed specifically for the purpose of voltages of 120, 120/240, 208Y/120, 240, 480Y/277, 480,
delivering energy from the premises wiring to the electric 600Y/347, and 600 volts shall be used to supply equipment
vehicle. covered by this article.

Electric vehicle supply equipment, as illustrated in Exhibit 625.5 Listed or Labeled
625.1, comprises the components between the skin of the

All electrical materials, devices, fittings, and associatedelectric vehicle and the premises wiring, including any flexi-
equipment shall be listed or labeled.ble cable, disconnecting means, enclosures, power outlet,

II. Wiring Methods
625.9 Electric Vehicle Coupler
The electric vehicle coupler shall comply with 625.9(A)
through 625.9(F).

The electric vehicle connector is the device that inserts into
the electric vehicle inlet (charge port) of the vehicle. The
electric vehicle inlet is not a premises wiring receptacle or
an attachment cap. An electric vehicle coupler is the mating
set of the electric vehicle connector and electric vehicle inlet.
A requirement was added to the 1999 Code to require the
coupler to be noninterchangeable, to prevent equipment
damage or personal injury. Couplers for the electric vehicle
charging equipment are not permitted to be standard NEMA-
configuration wiring devices.

(A) Polarization The electric vehicle coupler shall be po-
larized unless part of a system identified and listed as suitable
for the purpose.

(B) Noninterchangeability The electric vehicle coupler
shall have a configuration that is noninterchangeable with
wiring devices in other electrical systems. Nongrounding-Exhibit 625.1 Example of electric vehicle supply equipment.
type electric vehicle couplers shall not be interchangeable(Courtesy of Ford Motor Co.)
with grounding-type electric vehicle couplers.
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625.13 Article 625 — Electric Vehicle Charging System

(C) Construction and Installation The electric vehicle Considering both near-term and long-term requirements for
coupler shall be constructed and installed so as to guard electric vehicle (EV) charging, three methods have been
against inadvertent contact by persons with parts made live identified for recommended development. Referred to as
from the electric vehicle supply equipment or the electric Level 1, Level 2, and Level 3 EV charging, they cover the
vehicle battery. range of power levels anticipated for charging EVs.

Level 1. This method, which allows broad access to
charge an EV, permits plugging into a common, groundedThe requirements for coupler construction in 625.9(C) pro-

vide a safe interface component for persons connecting the 120-volt electrical receptacle (NEMA 5-15R or 5-20R). The
maximum load on this receptacle is 12 amperes or 1.4 kVA.vehicle to or disconnecting the vehicle from the charging

system. This type of activity generally is performed daily The minimum circuit and overcurrent rating for this connec-
tion is 15 amperes for a 15-ampere receptacle and 20 amperesby persons who typically do not have any knowledge of the

equipment operation and its associated hazards. for a 20-ampere receptacle.
Level 2. This is the primary and preferred method of

EV charging at both private and public facilities. It requires
(D) Unintentional Disconnection The electric vehicle special equipment and connection to an electric power sup-
coupler shall be provided with a positive means to prevent ply dedicated to EV charging. The voltage of this connection
unintentional disconnection. is either 240 volts or 208 volts. The maximum load is 32

amperes (7.7 kVA at 240 volts or 6.7 kVA at 208 volts). The(E) Grounding Pole The electric vehicle coupler shall be
minimum circuit and overcurrent rating for this connection isprovided with a grounding pole, unless part of a system
40 amperes (32 � 1.25 � 40 amperes). Electric vehiclesidentified and listed as suitable for the purpose in accordance
are treated as continuous loads. See 625.21 for sizing over-with Article 250.
current protection devices.

(F) Grounding Pole Requirements If a grounding pole is Level 3. The EV equivalent of a commercial gasoline
provided, the electric vehicle coupler shall be so designed dispensing station, this high-speed, high-power method
that the grounding pole connection is the first to make and charges an EV in about the same time it takes to refuel a
the last to break contact. conventional vehicle. Because of individual supply require-

ments and available source voltages, exact voltage and load
III. Equipment Construction specifications for Level 3 charging have not been defined

as in Level 1 and Level 2. These power requirements are625.13 Electric Vehicle Supply Equipment
specified by the equipment manufacturer.

Electric vehicle supply equipment rated at 125 volts, single
phase, 15 or 20 amperes or part of a system identified and
listed as suitable for the purpose and meeting the require- 625.15 Markings
ments of 625.18, 625.19, and 625.29 shall be permitted to The electric vehicle supply equipment shall comply with
be cord-and-plug connected. All other electric vehicle supply 625.15(A) through 625.15(C).
equipment shall be permanently connected and fastened in
place. This equipment shall have no exposed live parts. (A) General All electric vehicle supply equipment shall be

marked by the manufacturer as follows:
Some manufacturers produce 125-volt, single-phase, 15- or FOR USE WITH ELECTRIC VEHICLES
20-ampere portable charging units for convenience charging.
These charging units may be stored in the vehicle. However, (B) Ventilation Not Required Where marking is required
625.13 makes it clear that nonportable equipment must be by 625.29(C), the electric vehicle supply equipment shall
mounted and permanently wired. This equipment may be be clearly marked by the manufacturer as follows:
physically attached to the wall, floor, or ceiling. The provi-

VENTILATION NOT REQUIREDsion for no exposed live parts is a safety concern for the
general public. The marking shall be located so as to be clearly visible

after installation.

625.14 Rating (C) Ventilation Required Where marking is required by
625.29(D), the electric vehicle supply equipment shall beElectric vehicle supply equipment shall have sufficient rating

to supply the load served. For the purposes of this article, clearly marked by the manufacturer ‘‘Ventilation Required.’’
The marking shall be located so as to be clearly visible afterelectric vehicle charging loads shall be considered to be

continuous loads. installation.
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625.22Article 625 — Electric Vehicle Charging System

automatic means to de-energize the cable conductors and625.16 Means of Coupling
electric vehicle connector upon exposure to strain that couldThe means of coupling to the electric vehicle shall be either
result in either cable rupture or separation of the cable fromconductive or inductive. Attachment plugs, electric vehicle
the electric connector and exposure of live parts. Automaticconnectors, and electric vehicle inlets shall be listed or la-
means to de-energize the cable conductors and electric vehi-beled for the purpose.
cle connector shall not be required for portable cord-and-

625.17 Cable plug-connected electric vehicle supply equipment intended
for connection to receptacle outlets rated at 125 volts, singleThe electric vehicle supply equipment cable shall be Type
phase, 15 and 20 amperes.EV, EVJ, EVE, EVJE, EVT, or EVJT flexible cable as speci-

fied in Article 400 and Table 400.4. Ampacities shall be as
specified in Table 400.5(A) for 10 AWG and smaller, and IV. Control and Protectionin Table 400.5(B) for 8 AWG and larger. The overall length
of the cable shall not exceed 7.5 m (25 ft) unless equipped 625.21 Overcurrent Protection
with a cable management system that is listed as suitable for Overcurrent protection for feeders and branch circuits sup-
the purpose. Other cable types and assemblies listed as being plying electric vehicle supply equipment shall be sized for
suitable for the purpose, including optional hybrid communi- continuous duty and shall have a rating of not less than 125
cations, signal, and optical fiber cables, shall be permitted. percent of the maximum load of the electric vehicle supply

equipment. Where noncontinuous loads are supplied from
The 25-ft cable length is established by adding the 15-ft car the same feeder or branch circuit, the overcurrent device
length to the 7-ft car width, plus 3 ft to the power outlet shall have a rating of not less than the sum of the noncontinu-
securement point. This requirement limits excessive cable ous loads plus 125 percent of the continuous loads.
lengths, which may be exposed to damage. To use a single
electric vehicle charging system for multiple electric vehi- 625.22 Personnel Protection System
cles, the 2002 Code permitted cable lengths in excess of 25

The electric vehicle supply equipment shall have a listed
ft where a listed cable management system is installed. For

system of protection against electric shock of personnel. The
commercial parking areas, this change allows flexibility in

personnel protection system shall be composed of listed
site planning and meeting any legislated requirements that

personnel protection devices and constructional features.
may be in place on the number of charging spaces that must

Where cord-and-plug-connected electric vehicle supply
be provided.

equipment is used, the interrupting device of a listed person-
nel protection system shall be provided and shall be an

625.18 Interlock integral part of the attachment plug or shall be located in
the power supply cable not more than 300 mm (12 in.) fromElectric vehicle supply equipment shall be provided with an
the attachment plug.interlock that de-energizes the electric vehicle connector and

its cable whenever the electric connector is uncoupled from
the electric vehicle. An interlock shall not be required for The personnel protection system may consist of one or more
portable cord-and-plug-connected electric vehicle supply components that provide protection against electric shock
equipment intended for connection to receptacle outlets rated for different portions of the electric vehicle supply equipment
at 125 volts, single phase, 15 and 20 amperes. circuitry, which may be operating at frequencies other than

50/60 Hz, at direct current potentials, and/or voltages above
150 volts to ground.To reduce shock hazard, a pilot or communications interlock

Standard GFCI devices do not provide the range ofestablishes power through the electric vehicle supply equip-
protection needed for the various types of charging systemsment. Loss of the pilot or communications circuit locks out
being developed. Devices or methods that may be usedpower, isolating possible hazardous situations in the electric
include basic insulation, double insulation, grounding moni-vehicle supply equipment. See 625.29(D) for mechanical
tors, insulation monitors with interrupters, and leakage cur-ventilation interlock requirements.
rent monitors. Many combinations and variations of theseFor ventilation interlock, see 625.29(D)(3) for 125-volt
devices can be used to provide the personnel protectionreceptacles intended to charge electric vehicles.
required. For systems operating above 150 volts to ground,
the protective system may include monitoring systems to625.19 Automatic De-Energization of Cable
ensure that proper grounding is provided and maintained

The electric vehicle supply equipment or the cable-connector during charging.
combination of the equipment shall be provided with an
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625.23 Article 625 — Electric Vehicle Charging System

underground parking structures; repair and nonrepair com-625.23 Disconnecting Means
mercial garages; and agricultural buildings.For electric vehicle supply equipment rated more than 60

amperes or more than 150 volts to ground, the disconnecting (A) Location The electric vehicle supply equipment shall
means shall be provided and installed in a readily accessible be located to permit direct connection to the electric vehicle.
location. The disconnecting means shall be capable of being
locked in the open position. (B) Height Unless specifically listed for the purpose and

location, the coupling means of the electric vehicle supply
625.25 Loss of Primary Source equipment shall be stored or located at a height of not less
Means shall be provided such that, upon loss of voltage than 450 mm (18 in.) and not more than 1.2 m (4 ft) above
from the utility or other electric system(s), energy cannot the floor level.
be back fed through the electric vehicle and the supply

(C) Ventilation Not Required Where electric vehicle non-equipment to the premises wiring system unless permitted
vented storage batteries are used or where the electric vehicleby 625.26.
supply equipment is listed or labeled as suitable for charging
electric vehicles indoors without ventilation and marked in625.26 Interactive Systems
accordance with 625.15(B), mechanical ventilation shall notElectric vehicle supply equipment and other parts of a sys-
be required.tem, either on-board or off-board the vehicle, that are identi-

fied for and intended to be interconnected to a vehicle and
Major auto manufacturers are taking the necessary steps toalso serve as an optional standby system or an electric power
make electric vehicle systems safe. Most batteries used inproduction source or provide for bi-directional power feed
electric vehicles manufactured by major automakers do notshall be listed as suitable for that purpose. When used as
emit hydrogen gas in quantities that could cause an explo-an optional standby system, the requirements of Article 702
sion. Preventive measures such as mechanical or passiveshall apply, and when used as an electric power production
ventilation are not required, because the electric vehiclesource, the requirements of Article 705 shall apply.
batteries and charging systems are designed to prevent or
limit the emission of hydrogen during charging. The SocietyThe on-board power production system of some electric
of Automotive Engineers’ recommended practice SAEvehicles is capable of operating as a stand-alone or inter-
J-1718, Measurement of Hydrogen Gas Emission from Bat-active power supply for premises wiring systems. Such sys-
tery-Powered Passenger Cars and Light Trucks During Bat-tems are required to be listed for this type of use, and 625.26,
tery Charging, can be used to assess suitability for indoorwhich is new in the 2005 Code, requires compliance with
charging. This standard includes provisions for tests duringthe provisions of Article 702 or Article 705, depending on
normal charging operations and potential equipment failurehow the system connects to premises wiring system and/or
modes.the primary source of electricity.

See Exhibit 625.2 for an illustration of a garage without
ventilation. In this application, when the electric vehicle is

V. Electric Vehicle Supply Equipment connected to the charging equipment, a signal is received at
the electric vehicle charging equipment. The signal indicatesLocations
that the electric vehicle either is equipped with a nonvented

625.28 Hazardous (Classified) Locations
storage battery or is listed or labeled as suitable to be charged

Where electric vehicle supply equipment or wiring is in- indoors. Failure to receive a verification signal from the
stalled in a hazardous (classified) location, the requirements vehicle prevents initiation of the charging operation. The
of Articles 500 through 516 shall apply. electric vehicle supply equipment is required to be marked

in accordance with 625.15(B).
The installation of EV charging equipment is permitted in
hazardous locations where the installation is made in accor-

(D) Ventilation Required Where the electric vehicle sup-dance with the requirements of Chapter 5. The increased
ply equipment is listed or labeled as suitable for charginguse of electric vehicles makes this provision necessary to
electric vehicles that require ventilation for indoor charging,cover installations at commercial repair garages and combi-
and is marked in accordance with 625.15(C), mechanicalnation gasoline/EV charging stations (see 511.10).
ventilation, such as a fan, shall be provided. The ventilation
shall include both supply and exhaust equipment and shall

625.29 Indoor Sites be permanently installed and located to intake from, and
vent directly to, the outdoors. Positive pressure ventilationIndoor sites shall include, but not be limited to, integral,

attached, and detached residential garages; enclosed and systems shall be permitted only in buildings or areas that
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625.29Article 625 — Electric Vehicle Charging System

Exhibit 625.2 Garage interior
with electric vehicle supply
equipment where ventilation is
not required.

ac power supply
from premises
wiring system

Electric vehicle
supply equipment

Electric vehicle supply cable

Electric vehicle connector

(2) Three phase: Ventilation three phase in cubic meters perhave been specifically designed and approved for that appli-
cation. Mechanical ventilation requirements shall be deter- minute (m3/min) =
mined by one of the methods specified in 625.29(D)(1)
through (D)(4).

1.732(volts)(amperes)
1718

The interlock described in 625.29(D) prevents a vehicle Ventilationthree phase in cubic feet per minute (cfm) =
requiring ventilation from being charged unless ventilation
is provided. This interlock feature is included in the pilot 1.732(volts)(amperes)

48.7connection of the standard electric vehicle supply equipment
connection. See Exhibit 625.3 for an illustration of electric (3) Engineered Systems For an electric vehicle supply
vehicle supply equipment with interlocked ventilation. equipment ventilation system designed by a person qualified

to perform such calculations as an integral part of a building’s
total ventilation system, the minimum ventilation require-(1) TableValues For supply voltages and currents specified
ments shall be permitted to be determined per calculationsin Table 625.29(D)(1) or (D)(2), the minimum ventilation
specified in the engineering study.requirements shall be as specified in Table 625.29(D)(1) or

(D)(2) for each of the total number of electric vehicles that (4) Supply Circuits The supply circuit to the mechanical
can be charged at one time. ventilation equipment shall be electrically interlocked with

the electric vehicle supply equipment and shall remain ener-(2) Other Values For supply voltages and currents other
gized during the entire electric vehicle charging cycle. Elec-than specified in Table 625.29(D)(1) or (D)(2), the minimum
tric vehicle supply equipment shall be marked in accordanceventilation requirements shall be calculated by means of the
with 625.15. Electric vehicle supply equipment receptaclesfollowing general formulas as applicable:
rated at 125 volts, single phase, 15 and 20 amperes shall be

(1) Single phase: Ventilationsingle phase in cubic meters per marked in accordance with 625.15(C) and shall be switched,
minute (m3/min) = and the mechanical ventilation system shall be electri-

cally interlocked through the switch supply power to the(volts)(amperes)
1718 receptacle.

The intent of 625.29(D) is to ensure sufficient diffusionVentilation single phase in cubic feet per minute (cfm) =
and dilution of hydrogen gas from gas-emitting batteries to
prevent a hazardous condition. Certain batteries used in some(volts)(amperes)

48.7
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625.29 Article 625 — Electric Vehicle Charging System

Exhibit 625.3 Garage interior
with electric vehicle supply
equipment and interlocked
ventilation.

Outside air intake

Exhaust fan to outside

ac power supply
from premises
wiring system

ac power line to fan

Electric vehicle
supply equipment

Electric vehicle supply cable

Electric vehicle connector

Table 625.29(D)(1) Minimum Ventilation Required in Cubic Meters per Minute (m3/min) for Each
of the Total Number of Electric Vehicles That Can Be Charged at One Time

Branch-Circuit Voltage

Single Phase 3 Phase

Branch-Circuit 240 V or 208 V or 480 V or 600 V or
Ampere Rating 120 V 208 V 120/240 V 208Y/120 V 240 V 480Y/277 V 600Y/347 V

15 1.1 1.8 2.1 — — — —
20 1.4 2.4 2.8 4.2 4.8 9.7 12
30 2.1 3.6 4.2 6.3 7.2 15 18
40 2.8 4.8 5.6 8.4 9.7 19 24
50 3.5 6.1 7.0 10 12 24 30
60 4.2 7.3 8.4 13 15 29 36

100 7.0 12 14 21 24 48 60
150 — — — 31 36 73 91
200 — — — 42 48 97 120
250 — — — 52 60 120 150
300 — — — 63 73 145 180
350 — — — 73 85 170 210
400 — — — 84 97 195 240

limit. This design criterion provides a safety margin forelectric vehicles emit hydrogen gas during the charging
process. personnel working with atmospheres containing hydrogen.

Safety is accomplished by keeping the concentration of hy-Hydrogen is a colorless, odorless, tasteless, nontoxic
flammable gas. At atmospheric pressure, the flammable drogen below 25 percent of the lower flammability limit,

or 1 percent (25 percent � 4 percent � 1 percent) hydrogenrange for hydrogen is 4 to 75 percent by volume in air.
NFPA 69, Standard on Explosion Prevention Systems, by volume in air, that is, below 10,000 ppm hydrogen.

A ventilation system for a typical residential-type garageestablishes requirements to ensure safety with flammable
mixtures. The provisions of 6.3, Design and Operating Re- includes both supply and mechanical exhaust equipment and

is permanently installed. The equipment is located in thequirements, of NFPA 69 specify that combustible gas con-
centrations be restricted to 25 percent of the lower flammable space such that it takes in air from outdoors to the space,
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625.29Article 625 — Electric Vehicle Charging System

Table 625.29(D)(2) Minimum Ventilation Required in Cubic Feet per Minute (cfm) for Each
of the Total Number of Electric Vehicles That Can Be Charged at One Time

Branch-Circuit Voltage

Single Phase 3 Phase

Branch-Circuit 240 V or 208 V or 480 V or 600 V or
Ampere Rating 120 V 208 V 120/240 V 208Y/120 V 240 V 480Y/277 V 600Y/347 V

15 37 64 74 — — — —
20 49 85 99 148 171 342 427
30 74 128 148 222 256 512 641
40 99 171 197 296 342 683 854
50 123 214 246 370 427 854 1066
60 148 256 296 444 512 1025 1281

100 246 427 493 740 854 1708 2135
150 — — — 1110 1281 2562 3203
200 — — — 1480 1708 3416 4270
250 — — — 1850 2135 4270 5338
300 — — — 2221 2562 5125 6406
350 — — — 2591 2989 5979 7473
400 — — — 2961 3416 6832 8541

purposes, is greater than the quantity listed in the table.circulates the air through the space, and exhausts the air
directly to the outdoors. Typically, the equipment includes Other engineered electric vehicle ventilation systems are

allowed, provided they are designed properly. The electrica passive vent for intake on one side of the enclosed space
and an exhaust fan vented to the outside on the other side vehicle charging area is permitted to be ventilated by the

building ventilation system. The ventilation system and theof the space.
In enclosed commercial garages and other structures, charging system must be interlocked to prevent charging if

the ventilation is not operating, as shown in Exhibit 625.4.additional ventilation is not required if the exhaust, as re-
quired by the building code for carbon monoxide or other This charging arrangement can be used with electric vehicles

Exhibit 625.4 An example of
ventilation equipment electri-
cally interlocked with the elec-
tric vehicle charging
equipment receptacle.

ac power line to fan

ac power supply
from premises
wiring system

125-V, 15- or 20-A
single receptacle
(duplex okay)

125-V, 15- or 20-A
single-pole switch

Exhaust fan to outside

Outside air intake
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625.30 Article 630 — Electric Welders

equipped with a self-contained charging system in which
II. Arc Weldersactivation of the charging system does not depend on a

630.11 Ampacity of Supply Conductorssignal from the electric vehicle. A manually operated switch
(A) Individual Welderscontrols the receptacle used to supply the vehicle charging
(B) Group of Welderssystem, and it is also interlocked with the power supply

630.12 Overcurrent Protectionto the ventilation fan. This arrangement ensures that the
(A) For Weldersventilation fan is operating whenever the vehicle charging
(B) For Conductorsreceptacle is energized. A qualified person must perform the

630.13 Disconnecting Meanscalculation of the ventilation requirements.
630.14 Marking
630.15 Grounding of Welder Secondary Circuit

III. Resistance Welders625.30 Outdoor Sites
630.31 Ampacity of Supply ConductorsOutdoor sites shall include but not be limited to residential

(A) Individual Welderscarports and driveways, curbside, open parking structures,
(B) Group of Weldersparking lots, and commercial charging facilities.

630.32 Overcurrent Protection
(A) For Welders

Where the operation is conducted in outdoor or open loca- (B) For Conductors
tions, the off-gassing of hydrogen resulting from battery 630.33 Disconnecting Means
charging does not pose the same risk of creating an ignitible 630.34 Marking
environment compared to indoor locations. The lighter-than- IV. Welding Cable
air hydrogen readily diffuses into the atmosphere. In addition 630.41 Conductors
to driveways and parking lots, structures with adequate natu- 630.42 Installation
ral ventilation, such as carports and open parking structures, (A) Cable Support
do not require mechanical ventilation. NFPA 88A, Standard (B) Spread of Fire and Products of Combustion
for Parking Structures, provides a quantifiable definition of (C) Signs
the term open parking structure.

I. General
(A) Location The electric vehicle supply equipment shall

630.1 Scopebe located to permit direct connection to the electric vehicle.
This article covers apparatus for electric arc welding, resis-(B) Height Unless specifically listed for the purpose and
tance welding, plasma cutting, and other similar welding

location, the coupling means of electric vehicle supply equip-
and cutting process equipment that is connected to an electric

ment shall be stored or located at a height of not less than
supply system.

600 mm (24 in.) and not more than 1.2 m (4 ft) above the
parking surface.

The two general types of electric welding are resistance
welding and arc welding. Resistance welding, or ‘‘spot’’
welding, is the process of joining, or electrically fusing, twoARTICLE 630
or more metal sheets or parts without any preparation ofElectric Welders stock. The metal parts are placed between two electrodes or
welding points, and a heavy current at a low voltage is passed
through the electrodes. The metal parts offer resistance toSummary of Changes
the flow of current such that they heat to a molten state,• 630.1: Revised to include plasma cutting.
and a weld is made.

• 630.11(B): Revised to clarify that the minimum ampacity Arc welding is the butting of two metal parts to be
is based on the required calculations and that larger size welded and then the striking of an arc at this joint with a
conductors are permitted. metal electrode (a flux-coated wire rod). The electrode itself

is melted and supplies the extra metal necessary for joining
the metal parts.

A transformer supplies current for one ac arc welder,Contents
and a generator or rectifier supplies current for one or more

I. General dc arc welders.
630.1 Scope A revision to 630.1 for the 2005 Code expands the
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630.12Article 630 — Electric Welders

is permitted to determine the minimum ampacity of feederscope of Article 630 to cover electrically supplied equipment
associated with plasma cutting operations. This electrically conductors supplying several transformers (three or more)

by applying the percentage values specified in 630.11(B).powered equipment controls the flammable gas or gases
used for cutting. It is obvious that intermittent transformer arc welder loads

would be considerably less than a continuous load equal to
the sum of the full-load current ratings of all the transformers.

II. Arc Welders See also 630.31(B). The ampacity of conductors supplying
welders is based on the I1eff rating on the welder rating630.11 Ampacity of Supply Conductors
plate. If the I1eff rating is not available, the size of supplyThe ampacity of conductors for arc welders shall be in
conductors to welders may be calculated. The calculation isaccordance with 630.11(A) and 630.11(B).
done by selecting the appropriate factor from 630.11(A)
based on the type of welder and the duty cycle of the welder.(A) Individual Welders The ampacity of the supply con-
The selected factor is then multiplied by the primary currentductors shall not be less than the I1eff value on the rating plate.
rating from the welder rating plate to determine the minimumAlternatively, if the I1eff is not given, the ampacity of the sup-
ampacity of the supply conductors.ply conductors shall not be less than the current value deter-

Obsolete terms and ratings such as nameplate and 1-mined by multiplying the rated primary current in amperes
hour duty cycle were removed from 630.11 in the 1999given on the welder rating plate by the factor shown in Table
NEC. The terms I1eff and I1max were added to the marking630.11(A) based on the duty cycle of the welder.
requirements. A new FPN includes a formula for I1eff, which

Table 630.11(A) Duty Cycle Multiplication Factors is preferred over the value derived from using the factors
for Arc Welders

in 630.11. The calculated value is still allowed. I1max is
basically the same as the rated primary current.Multiplier for Arc Welders

Duty Cycle Nonmotor Generator Motor Generator
630.12 Overcurrent Protection

100 1.00 1.00 Overcurrent protection for arc welders shall be as provided
90 0.95 0.96 in 630.12(A) and 630.12(B). Where the values as determined
80 0.89 0.91

by this section do not correspond with the standard ampere70 0.84 0.86
ratings provided in 240.6 or the rating or setting specified60 0.78 0.81
results in unnecessary opening of the overcurrent device,50 0.71 0.75
the next higher standard rating or setting shall be permitted.40 0.63 0.69

30 0.55 0.62
(A) For Welders Each welder shall have overcurrent pro-20 or less 0.45 0.55
tection rated or set at not more than 200 percent of I1max.
Alternatively, if the I1max is not given, the overcurrent protec-

(B) Group ofWelders Minimum conductor ampacity shall
tion shall be rated or set at not more than 200 percent of

be based on the individual currents determined in 630.11(A)
the rated primary current of the welder.

as the sum of 100 percent of the two largest welders, plus
An overcurrent device shall not be required for a welder

85 percent of the third largest welder, plus 70 percent of
that has supply conductors protected by an overcurrent de-

the fourth largest welder, plus 60 percent of all remaining
vice rated or set at not more than 200 percent of I1max or at

welders.
the rated primary current of the welder.

Exception: Percentage values lower than those given in If the supply conductors for a welder are protected by
630.11(B) shall be permitted in cases where the work is such an overcurrent device rated or set at not more than 200
that a high-operating duty cycle for individual welders is percent of I1max or at the rated primary current of the welder,
impossible. a separate overcurrent device shall not be required.

FPN: Duty cycle considers welder loading based on the (B) For Conductors Conductors that supply one or more
use to be made of each welder and the number of welders welders shall be protected by an overcurrent device rated
supplied by the conductors that will be in use at the same

or set at not more than 200 percent of the conductor ampacity.time. The load value used for each welder considers both
the magnitude and the duration of the load while the
welder is in use. Some arc welding machines have a welding range involving

an excess secondary-current output capacity beyond that
indicated by the secondary rating marked on the machines.Even under high-production conditions, the loads on trans-

former arc welders are considered intermittent; therefore, it This excess capacity (generally not more than 150 percent
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630.13 Article 630 — Electric Welders

cuit of an arc welder could be viewed as such a system.of the marked output capacity) is usually supplied by means
of one or more secondary taps in addition to the tap(s) However, the intended operation of a welder is to create

a high-current circuit between the electrode and the workintended for normal output current; the higher currents thus
available are intended to provide for heavier welding work, surface. In the normal operation of an ac power distribution

system, such an event would be considered a fault, and theincluding the use of larger-sized electrodes. This excess
capacity is somewhat analogous to the inherent overload operation of an overcurrent device to open the circuit and

clear the fault is a fundamental concept of Articles 240 andcapacity of motors and transformers. However, the use of
this excess current capacity and the overloading of welding 250. In the case of an arc welder, the opening of an overcur-

rent device is not intended unless the welding operationmachines, except for relatively short periods of time, could
be hazardous and should be undertaken with caution. significantly exceeds the operating parameters of the welder.

Grounding of a welder secondary terminal has the potential
to cause excessive and potentially degrading parallel currents

FPN: I1max is the maximum value of the rated supply on power system equipment grounding conductors.current at maximum rated output. I1eff is the maximum
This requirement clarifies that for the purposes of Arti-value of the effective supply current, calculated from the

cle 250, specifically the requirements covering groundingrated supply current (I1), the corresponding duty cycle
(duty factor) (X), and the supply current at no-load (I0) of separately derived systems, the secondary circuit of a
by the following formula: welder is not treated as premises wiring and is not required

to be grounded as such. The new wording modified ArticleI1eff = �I21 � I20(1 � X)
250 for the purposes of electric welder secondary circuits
and thereby removed any potential conflict where grounding
in the welder secondary circuit occurs at the work object.630.13 Disconnecting Means

A disconnecting means shall be provided in the supply circuit
for each arc welder that is not equipped with a disconnect III. Resistance Weldersmounted as an integral part of the welder.

The disconnecting means shall be a switch or circuit 630.31 Ampacity of Supply Conductors
breaker, and its rating shall not be less than that necessary The ampacity of the supply conductors for resistance welders
to accommodate overcurrent protection as specified under necessary to limit the voltage drop to a value permissible
630.12. for the satisfactory performance of the welder is usually

greater than that required to prevent overheating as covered630.14 Marking
in 630.31(A) and 630.31(B).

A rating plate shall be provided for arc welders giving the
following information: (A) IndividualWelders The rated ampacity for conductors

for individual welders shall comply with the following:(1) Name of manufacturer
(2) Frequency (1) The ampacity of the supply conductors for a welder that
(3) Number of phases may be operated at different times at different values
(4) Primary voltage of primary current or duty cycle shall not be less than
(5) I1max and I1eff, or rated primary current 70 percent of the rated primary current for seam and
(6) Maximum open-circuit voltage automatically fed welders, and 50 percent of the rated
(7) Rated secondary current and primary current for manually operated nonautomatic
(8) Basis of rating, such as the duty cycle welders.

(2) The ampacity of the supply conductors for a welder
630.15 Grounding of Welder Secondary Circuit wired for a specific operation for which the actual pri-
The secondary circuit conductors of an arc welder, consisting mary current and duty cycle are known and remain
of the electrode conductor and the work conductor, shall not unchanged shall not be less than the product of the
be considered as premises wiring for the purpose of applying actual primary current and the multiplier specified in
Article 250. Table 630.31(A)(2) for the duty cycle at which the

welder will be operated.FPN: Connecting welder secondary circuits to grounded
objects can create parallel paths and can cause objection-
able current over equipment grounding conductors. (B) Groups of Welders The ampacity of conductors that

supply two or more welders shall not be less than the sum
of the value obtained in accordance with 630.31(A) for theIn theory and in accordance with the NEC definition of
largest welder supplied and 60 percent of the values obtainedseparately derived system in Article 100, the secondary cir-
for all the other welders supplied.
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630.34Article 630 — Electric Welders

� 16). There are 216,000 cycles per hour (60 � 60 � 60).Table 630.31(A)(2) Duty Cycle Multiplication Factors for
Resistance Welders The duty cycle is calculated as follows:

Duty Cycle (percent) Multiplier 4800
216,000

� 100% � 2.2% (duty cycle)

50 0.71
For a seam welder that draws current for 3 cycles and40 0.63

30 0.55 is off for 4 cycles during every 7-cycle period, the duty
25 0.50 cycle is calculated as follows:
20 0.45

15 0.39
3
7

� 100% � 42.9% (duty cycle)
10 0.32
7.5 0.27

An instrument capable of measuring current impulses5 or less 0.22
for 3 cycles (1⁄20 second), as shown in the preceding example,
is required to measure the actual primary current. The duty
cycle is set for a specific operation by adjusting the controller

FPN: Explanation of Terms for the welder. For the sizing of supply conductors, voltage
drop should be limited to a value permissible for the satisfac-(1) The rated primary current is the rated kilovolt-am-

peres (kVA) multiplied by 1000 and divided by the tory performance of the welder.
rated primary voltage, using values given on the
nameplate.

(2) The actual primary current is the current drawn from 630.32 Overcurrent Protection
the supply circuit during each welder operation at

Overcurrent protection for resistance welders shall be asthe particular heat tap and control setting used.
provided in 630.32(A) and 630.32(B). Where the values as(3) The duty cycle is the percentage of the time during

which the welder is loaded. For instance, a spot determined by this section do not correspond with the stan-
welder supplied by a 60-Hz system (216,000 cycles dard ampere ratings provided in 240.6 or where the rating
per hour) and making four hundred 15-cycle welds or setting specified results in unnecessary opening of the
per hour would have a duty cycle of 2.8 percent (400

overcurrent device, a higher rating or setting that does notmultiplied by 15, divided by 216,000, multiplied by
exceed the next higher standard ampere rating shall be100). A seam welder operating 2 cycles ‘‘on’’ and

2 cycles ‘‘off’’ would have a duty cycle of 50 percent. permitted.

(A) For Welders Each welder shall have an overcurrent
The ampacity of supply conductors for a welder that is not device rated or set at not more than 300 percent of the rated
wired for a specific function (i.e., one operated at varying primary current of the welder. If the supply conductors for
intervals for different applications, such as dissimilar metals a welder are protected by an overcurrent device rated or set
or thicknesses) is permitted to be 70 percent of the rated at not more than 200 percent of the rated primary current
primary current for automatically fed welders and 50 percent of the welder, a separate overcurrent device shall not be
of the rated primary current for manually operated welders. required.
The rated primary current can be determined using the fol-

(B) For Conductors Conductors that supply one or morelowing equation with the values given on the welder name-
welders shall be protected by an overcurrent device ratedplate:
or set at not more than 300 percent of the conductor rating.

Rated primary current �
welder kVA � 1000
rated primary voltage 630.33 Disconnecting Means

A switch or circuit breaker shall be provided by which
each resistance welder and its control equipment can beWhere the actual primary current and the duty cycle
disconnected from the supply circuit. The ampere rating ofare known, such as for a welder wired for a specific opera-
this disconnecting means shall not be less than the supplytion, the ampacity of the supply conductors is not permitted
conductor ampacity determined in accordance with 630.31.to be less than the product of the actual primary current
The supply circuit switch shall be permitted as the welder(current drawn during weld operation) and the multiplier,
disconnecting means where the circuit supplies only oneas provided in 630.31(A)(2), for the duty cycle at which
welder.the welder will be operated. For example, a spot welder is

specifically set to perform 300 welds per hour on a 60-Hz 630.34 Marking
system. Each weld draws current for 16 cycles. During the

A nameplate shall be provided for each resistance welder,1-hour period, the welder draws current for 4800 cycles (300
giving the following information:
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630.41 Article 640 — Audio Signal Processing, Amplification, and Reproduction Equipment

(1) Name of manufacturer
(C) Cable Trays(2) Frequency
(D) Hazardous (Classified) Locations(3) Primary voltage
(E) Assembly Occupancies(4) Rated kilovolt-amperes (kVA) at 50 percent duty cycle
(F) Theaters, Audience Areas of Motion Picture and(5) Maximum and minimum open-circuit secondary voltage

Television Studios, and Similar Locations(6) Short-circuit secondary current at maximum secondary
(G) Carnivals, Circuses, Fairs, and Similar Eventsvoltage
(H) Motion Picture and Television Studios(7) Specified throat and gap setting
(I) Swimming Pools, Fountains, and Similar

LocationsIV. Welding Cable
(J) Combination Systems

630.41 Conductors (K) Antennas
(L) GeneratorsInsulation of conductors intended for use in the secondary

640.4 Protection of Electrical Equipmentcircuit of electric welders shall be flame retardant.
640.5 Access to Electrical Equipment Behind Panels

Designed to Allow Access630.42 Installation
640.6 Mechanical Execution of Work

Cables shall be permitted to be installed in a dedicated cable 640.7 Grounding
tray as provided in 630.42(A), (B), and (C). (A) General

(B) Separately Derived Systems with 60 Volts to(A) Cable Support The cable tray shall provide support
Groundat not greater than 150-mm (6-in.) intervals.

(C) Isolated Ground Receptacles
640.8 Grouping of Conductors(B) Spread of Fire and Products of Combustion The
640.9 Wiring Methodsinstallation shall comply with 300.21.

(A) Wiring to and Between Audio Equipment
(C) Signs A permanent sign shall be attached to the cable (B) Auxiliary Power Supply Wiring
tray at intervals not greater than 6.0 m (20 ft). The sign shall (C) Output Wiring and Listing of Amplifiers
read as follows: (D) Use of Audio Transformers and

Autotransformers
CABLE TRAY FOR WELDING CABLES ONLY

640.10 Audio Systems Near Bodies of Water
(A) Equipment Supplied by Branch-Circuit Power
(B) Equipment Not Supplied by Branch-CircuitARTICLE 640 Power

II. Permanent Audio System InstallationsAudio Signal Processing,
640.21 Use of Flexible Cords and CablesAmplification, and Reproduction

(A) Between Equipment and Branch-Circuit Power
Equipment (B) Between Loudspeakers and Amplifiers or

Between Loudspeakers
(C) Between EquipmentSummary of Changes
(D) Between Equipment and Power Supplies Other

• 640.6: Revised to clarify the support requirements for Than Branch-Circuit Power
exposed cables and new reference requiring cable installa- (E) Between Equipment Racks and Premises
tions to comply with 300.11. Wiring System

640.22 Wiring of Equipment Racks and Enclosures
640.23 Conduit or Tubing

(A) Number of Conductors
Contents (B) Nonmetallic Conduit or Tubing and Insulating

BushingsI. General
640.24 Wireways, Gutters, and Auxiliary Gutters640.1 Scope
640.25 Loudspeaker Installation in Fire Resistance-640.2 Definitions

Rated Partitions, Walls, and Ceilings640.3 Locations and Other Articles
III. Portable and Temporary Audio System Installations(A) Spread of Fire or Products of Combustion

(B) Ducts, Plenums, and Other Air-Handling Spaces 640.41 Multipole Branch-Circuit Cable Connectors
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640.2Article 640 — Audio Signal Processing, Amplification, and Reproduction Equipment

include, but are not limited to, residences, auditoriums,
640.42 Use of Flexible Cords and Cables theaters, stadiums, and movie and television studios.

Temporary installations include, but are not limited to,(A) Between Equipment and Branch-Circuit Power
auditoriums, theaters, stadiums (which use both tempo-(B) Between Loudspeakers and Amplifiers, or
rary and permanently installed systems), and outdoorBetween Loudspeakers events such as fairs, festivals, circuses, public events,

(C) Between Equipment and/or Between and concerts.
Equipment Racks FPN No. 2: Fire and burglary alarm signaling devices

(D) Between Equipment, Equipment Racks, and are specifically not encompassed by this article.
Power Supplies Other Than Branch-Circuit

640.2 DefinitionsPower
(E) Between Equipment Racks and Branch-Circuit For purposes of this article, the following definitions apply.

Power
Abandoned Audio Distribution Cable. Installed audio640.43 Wiring of Equipment Racks
distribution cable that is not terminated at equipment and640.44 Environmental Protection of Equipment
not identified for future use with a tag.640.45 Protection of Wiring

640.46 Equipment Access Audio Amplifier or Pre-Amplifier. Electronic equipment
that increases the current or voltage, or both, potential of
an audio signal intended for use by another piece of audio

I. General equipment. Amplifier is the term used to denote an audio
amplifier within this article.640.1 Scope
Audio Autotransformer. A transformer with a single wind-This article covers equipment and wiring for audio signal
ing and multiple taps intended for use with an amplifiergeneration, recording, processing, amplification and repro-
loudspeaker signal output.duction; distribution of sound; public address; speech input

systems; temporary audio system installations; and elec- Audio Signal Processing Equipment. Electrically oper-
tronic organs or other electronic musical instruments. This ated equipment that produces, processes, or both, electronic
also includes audio systems subject to Article 517, Part VI, signals that, when appropriately amplified and reproduced
and Articles 518, 520, 525, and 530. by a loudspeaker, produce an acoustic signal within the range

of normal human hearing (typically 20–20 kHz). Within
Equipment covered by Article 640 includes amplifiers; pub- this article, the terms equipment and audio equipment are
lic address (PA) systems and centralized sound systems used assumed to be equivalent to audio signal processing
in schools, factories, businesses, stadiums, and similar loca- equipment.
tions; intercommunications devices and systems; and de-

FPN: This equipment includes, but is not limited to,
vices used for recording or reproducing voice or music. The loudspeakers; headphones; pre-amplifiers; microphones
scope remains limited to equipment whose main function is and their power supplies; mixers; MIDI (musical instru-

ment digital interface) equipment or other digital controlthe processing, distribution, amplification, and reproduction
systems; equalizers, compressors, and other audio signalof audio frequency bandwidth signals. This does not preclude
processing equipment; and audio media recording andequipment that uses radio frequency or other forms of trans-
playback equipment, including turntables, tape decks and

mission between equipment components, such as wireless disk players (audio and multimedia), synthesizers, tone
microphone systems. generators, and electronic organs. Electronic organs and

synthesizers may have integral or separate amplificationElectronic organs are synthesizers, and synthesizers also
and loudspeakers. With the exception of amplifier out-generate audio signals. For the sake of clarity, electronic
puts, virtually all such equipment is used to process sig-organs are still uniquely cited in the scope, and electronic
nals (utilizing analog or digital techniques) that have

musical instruments have been added to cover all other forms nonhazardous levels of voltage or current potential.
of electronic tone generation. Electronic musical instruments
create an electronic signal as their sole or primary output

The definition of audio signal processing equipment clarifies
and require amplification and reproduction equipment to be

the limits of signal processing (frequency bandwidth), which
audible.

falls under Article 640. The fine print note enumerates the
breadth of equipment considered to fall within the defined
scope of Article 640. It is intended to provide a sufficientlyFPN No. 1: Examples of permanently installed distrib-
broad list of current technology equipment to assist in de-uted audio system locations include, but are not limited
termining the applicability of Article 640 to the equipmentto, restaurant, hotel, business office, commercial and re-

tail sales environments, churches, and schools. Both por- under review.
table and permanently installed equipment locations

National Electrical Code Handbook 2005 947

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



640.2 Article 640 — Audio Signal Processing, Amplification, and Reproduction Equipment

‘‘MIDI (musical instrument digital interface) equipment
or other digital control systems’’ is mentioned specifically
because, while MIDI or similar digital control signals may
issue from an electronic musical instrument, such signals
also can be obtained from a computer that is appropriately
configured to perform similar controlling functions.

Audio System. Within this article, the totality of all equip-
ment and interconnecting wiring used to fabricate a fully
functional audio signal processing, amplification, and repro-
duction system.

Audio Transformer. A transformer with two or more elec-
trically isolated windings and multiple taps intended for use
with an amplifier loudspeaker signal output.

Exhibit 640.1 Surface-mounted loudspeaker for indoor or out-
door use. (Courtesy of Bose Corp.)

The definition of audio transformer is included to clearly
state that such transformers are intended only for use with
audio signals, not light and power.

Typical peak signal operating voltages for such equipment
vary from a few millivolts for microphones to 2 to 4 volts
for disk players. A mixer’s purpose is to balance these inputs

Equipment Rack. A framework for the support, enclosure, to provide (typically) a 1-volt peak output signal to an
or both, of equipment; may be portable or stationary. See amplifier.
ANSI/EIA/310-D-1992, Cabinets, Racks, Panels and Asso-
ciated Equipment.

Mixer–Amplifier. Equipment that combines the functions
of a mixer and amplifier within a single enclosure.ANSI/EIA 310-D-1992, Cabinets, Racks, Panels and Asso-

ciated Equipment, defines commercial equipment racks.
Portable Equipment. Equipment fed with portable cordsHowever, custom-fabricated racks that utilize equipment
or cables intended to be moved from one place to another.mounting hole patterns that generally comply with this stan-

dard might not be constructed of steel. Within Article 640, Powered Loudspeaker. Equipment that consists of a loud-
both equipment rack and rack are used to refer to equipment speaker and amplifier within the same enclosure. Other sig-
enclosures that are conceptually similar in intended use to nal processing may also be included.
those defined by the ANSI/EIA standard.

Rated Load Impedance. The amplifier manufacturer’s
stated or marked speaker impedance into which an amplifier
will deliver its rated output power. 2�, 4�, and 8� are

Loudspeaker. Equipment that converts an ac electric signal
typical ratings.

into an acoustic signal. The term speaker is commonly used
to mean loudspeaker. Rated Output Power. The amplifier manufacturer’s stated

or marked output power capability into its rated load.

Exhibit 640.1 is an example of a surface-mounted loud- Rated Output Voltage. For audio amplifiers of the con-
speaker. stant-voltage type, the nominal output voltage when the

amplifier is delivering full rated power. Rated output voltage
is used for determining approximate acoustic output in dis-

Maximum Output Power. The maximum output power tributed speaker systems that typically employ impedance
delivered by an amplifier into its rated load as determined matching transformers. Typical ratings are 25 volts, 70.7
under specified test conditions. This may exceed the manu- volts, and 100 volts.
facturer’s rated output power for the same amplifier.

Technical Power System. An electrical distribution system
with grounding in accordance with 250.146(D), where theMixer. Equipment used to combine and level match a multi-

plicity of electronic signals, such as from microphones, elec- equipment grounding conductor is isolated from the prem-
ises grounded conductor except at a single grounded termina-tronic instruments, and recorded audio.
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640.3Article 640 — Audio Signal Processing, Amplification, and Reproduction Equipment

(E) Assembly Occupancies Equipment used in assemblytion point within a branch-circuit panelboard, at the
originating (main breaker) branch-circuit panelboard, or at occupancies shall comply with Article 518.
the premises grounding electrode.

The examples of assembly occupancies described in 518.2
are some of the most common locations for the installationThe terms technical power and technical ground are com-

monly used by audio/video technicians and electricians to of both distributed audio systems (e.g., background music)
and centralized systems (permanently installed sound rein-designate a wiring system that is in compliance with

250.146(D). Including the definition of technical power sys- forcement systems for meeting rooms, auditoriums, gymna-
siums, and the like).tem in Article 640 is intended to broaden the scope of this

term to include the commonly employed distribution systems
fabricated in compliance with 250.146(D).

(F) Theaters, Audience Areas of Motion Picture and
Television Studios, and Similar Locations Equipment
used in theaters, audience areas of motion picture and televi-Temporary Equipment. Portable wiring and equipment in-
sion studios, and similar locations shall comply with Articletended for use with events of a transient or temporary nature
520.where all equipment is presumed to be removed at the con-

clusion of the event.
(G) Carnivals, Circuses, Fairs, and Similar Events
Equipment used in carnivals, circuses, fairs, and similar

Temporary equipment may be used in facilities of a perma- events shall comply with Article 525.
nent or temporary nature or with no facilities other than a
source of electrical power. Locations would include indoor (H) Motion Picture and Television Studios Equipment

used in motion picture and television studios shall complyand outdoor areas such as athletic facilities, halls, auditori-
ums, concert shells, athletic fields, beaches, and other places with Article 530.
designated for public assembly.

(I) Swimming Pools, Fountains, and Similar Locations
Audio equipment used in or near swimming pools, fountains,
and similar locations shall comply with Article 680.640.3 Locations and Other Articles

Circuits and equipment shall comply with 640.3(A) through
The underwater installation of audio equipment in swimming640.3(L), as applicable.
pools is found in 680.27. The acceptable placement, wiring,
and use of equipment used near (rather than immersed in)(A) Spread of Fire or Products of Combustion The ac-
bodies of water, both natural and artificial, are covered incessible portion of abandoned audio distribution cables shall
640.10.be removed. See 300.21.

(B) Ducts, Plenums, and Other Air-Handling Spaces
(J) Combination Systems Where the authority having ju-See 300.22 for circuits and equipment installed in ducts or
risdiction permits audio systems for paging or music, orplenums or other space used for environmental air.
both, to be combined with fire alarm systems, the wiring

FPN: NFPA 90A-2002, Standard for the Installation of shall comply with Article 760.
Air Conditioning and Ventilation Systems, Section
4.3.10.2.6.5, permits loudspeakers, loudspeaker assem-

In addition to alarm tones, fire alarm systems frequently useblies, and their accessories listed in accordance with UL
2043-1996, Fire Test for Heat and Visible Smoke Release loudspeakers for verbal announcements. All such systems
for Discrete Products and Their Accessories Installed in must comply with Article 760 and NFPA 72, National Fire
Air-Handling Spaces, to be installed in other spaces used

Alarm Code. Audio systems that use a paging or backgroundfor environmental air (ceiling cavity plenums).
music system are permitted to be used as part of a fire alarm
warning system, but they require compliance with Article(C) Cable Trays Cable trays shall be used in accordance
760. The installation of fire alarm systems is governed bywith Article 392.
NFPA 72. Refer to NFPA 101�, Life Safety Code�, for multi-

FPN: See 725.61(C) for the use of Class 2, Class 3, and purpose systems.
Type PLTC cable in cable trays.

(D) Hazardous (Classified) Locations Equipment used in FPN: For installation requirements for such combination
hazardous (classified) locations shall comply with the appli- systems, refer to NFPA 72�-2002, National Fire Alarm

Code�, and NFPA 101�-2003, Life Safety Code�.cable requirements of Chapter 5.
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640.4 Article 640 — Audio Signal Processing, Amplification, and Reproduction Equipment

use of the ceiling system support wires as a means to support(K) Antennas Equipment used in audio systems that con-
tain an audio or video tuner and an antenna input shall wiring methods, an independent support system for the ca-

bles shall be installed. Additional ceiling wires installedcomply with Article 810. Wiring other than antenna wiring
that connects such equipment to other audio equipment shall specifically for the purpose of supporting the audio system

wiring are required to be secured in place. Attachment ofcomply with this article.
the additional support wires to the ceiling system and to
the building structure above the ceiling provides the secureThe term receiver is commonly used in the consumer market
support required by 300.11(A)(1) and 300.11(A)(2).to mean an amplifier combined with a radio tuner (typically

AM/FM) and other signal processing and/or switching func-
tions. Except for the tuner function and the antenna input, the 640.7 Grounding
signal processing functions are the same as those provided by

(A) General Wireways and auxiliary gutters shall beequipment in Article 640. Article 810, Part II, covers the
grounded and bonded in accordance with the requirementsantenna installation for such equipment, and 810.3 refer-
of Article 250. Where the wireway or auxiliary gutter doesences Article 640 as appropriate for wiring requirements
not contain power-supply wires, the equipment grounding(other than for the antenna).
conductor shall not be required to be larger than 14 AWG
copper or its equivalent. Where the wireway or auxiliary

(L) Generators Generators shall be installed in accordance gutter contains power-supply wires, the equipment ground-
with 445.10 through 445.12, 445.14 through 445.16, and ing conductor shall not be smaller than specified in 250.122.
445.18. Grounding of portable and vehicle-mounted genera-

(B) Separately Derived Systems with 60 Volts to Groundtors shall be in accordance with 250.34.
Grounding of separately derived systems with 60 volts to
ground shall be in accordance with 647.6.640.4 Protection of Electrical Equipment

Amplifiers, loudspeakers, and other equipment shall be so (C) IsolatedGroundReceptacles Isolated grounding-type
located or protected as to guard against environmental expo- receptacles shall be permitted as described in 250.146(D),
sure or physical damage, such as might result in fire, shock, and for the implementation of other technical power systems
or personal hazard. in compliance with Article 250. For separately derived sys-

tems with 60 volts to ground, the branch-circuit equipment
640.5 Access to Electrical Equipment Behind grounding conductor shall be terminated as required in
Panels Designed to Allow Access 647.6(B).
Access to equipment shall not be denied by an accumulation
of wires and cables that prevents removal of panels, includ- The reference to 647.6 in 640.7(B) provides guidance for
ing suspended ceiling panels. grounding of separately derived systems operating at 60

volts to ground. The requirements for these systems, for-640.6 Mechanical Execution of Work
merly located in Part G of Article 530 in the 1999Code, were

Equipment and cables shall be installed in a neat workman- relocated to Article 647, Sensitive Electronic Equipment, as
like manner. Cables installed exposed on the surface of a revision to the 2002 Code. One of the most significant
ceilings and sidewalls shall be supported in such a manner impacts of this relocation is that these systems can now be
that the cables will not be damaged by normal building use. used in other than motion picture and television studios.
Such cables shall be supported by straps, staples, hangers, This separately derived system is used as a technique for
or similar fittings designed and installed so as not to damage the reduction of electromagnetic noise in audio systems and
the cable. The installation shall conform to 300.4(D) and in video systems.
300.11. The intent of 640.7(C) is to clarify the proper use of

isolated ground receptacles when used with technical powerFPN: Accepted industry practices are described in ANSI/
NECA/BICSI 568-2001, Standard for Installing Com- systems of the type that are separately derived systems with
mercial Building Telecommunications Cabling, and other 60 volts to ground.
ANSI-approved installation standards.

FPN: See 406.2(D) for grounding-type receptacles andWhere installed in the hollow space above a suspended,
required identification.dropped, or similar ceiling, cables of audio systems covered

in Article 640 are required to be supported in accordance 640.8 Grouping of Conductors
with 300.11. Without documentation from the manufacturer

Insulated conductors of different systems grouped or bundledof the ceiling system providing specific instruction on the
so as to be in close physical contact with each other in the
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640.9Article 640 — Audio Signal Processing, Amplification, and Reproduction Equipment

same raceway or other enclosure, or in portable cords or the energy output is equivalent to the shock and fire risk of
the same class as stated in Article 725. Overcurrent protec-cables, shall comply with 300.3(C)(1).
tion shall be provided and shall be permitted to be inherent
in the amplifier.640.9 Wiring Methods

Audio amplifier output circuits wired using Class 1(A) Wiring to and Between Audio Equipment
wiring methods shall be considered equivalent to Class 1

(1) Power Wiring Wiring and equipment from source of circuits and shall be installed in accordance with 725.25,
power to and between devices connected to the premises where applicable.
wiring systems shall comply with the requirements of Chap- Audio amplifier output circuits wired using Class 2 or
ters 1 through 4, except as modified by this article. Class 3 wiring methods shall be considered equivalent to

Class 2 or Class 3 circuits, respectively. They shall use(2) Separately Derived Power Systems Separately de-
conductors insulated at not less than the requirements ofrived systems shall comply with the applicable articles of
725.82 and shall be installed in accordance with 725.54 andthis Code, except as modified by this article. Separately
725.61.derived systems with 60 volts to ground shall be permitted

for use in audio system installations as specified in Article
FPN No. 1: ANSI/UL 1711-1994, Amplifiers for Fire

647. Protective Signaling Systems, contains requirements for
the listing of amplifiers used for fire alarm systems in

(3) OtherWiring All wiring not connected to the premises compliance with NFPA 72-2002, National Fire Alarm
wiring system or to a wiring system separately derived from Code.
the premises wiring system shall comply with Article 725. FPN No. 2: Examples of requirements for listing amplifi-

ers used in residential, commercial, and professional use
(B) Auxiliary Power Supply Wiring Equipment that has are found in ANSI/UL 813-1996, Commercial Audio

Equipment; ANSI/UL 1419-1997, Professional Videoa separate input for an auxiliary power supply shall be wired
and Audio Equipment; ANSI/UL 1492-1996, Audio-in compliance with Article 725. Battery installation shall be
Video Products and Accessories; and ANSI/UL 6500-in accordance with Article 480.
1996, Audio/Video and Musical Instrument Apparatus
for Household, Commercial, and Similar Use.FPN No. 1: This section does not apply to the use of

uninterruptible power supply (UPS) equipment, or other
sources of supply, that are intended to act as a direct (D) Use of Audio Transformers and Autotransformers
replacement for the primary circuit power source and are Audio transformers and autotransformers shall be used only
connected to the primary circuit input. for audio signals in a manner so as not to exceed the manufac-

turer’s stated input or output voltage, impedance, or power
Audio equipment with a separate input for an auxiliary power limitations. The input or output wires of an audio transformer
supply is typically used for emergency paging or fire alarm or autotransformer shall be allowed to connect directly to
systems. These auxiliary power supply inputs typically range the amplifier or loudspeaker terminals. No electrical terminal
from 12 to 48 volts dc. Article 480 adequately covers installa- or lead shall be required to be grounded or bonded.
tion and overcurrent protection of battery circuits of this type.
The term auxiliary is used to indicate that the equipment is Audio transformers and autotransformers are commonly
also capable of being powered by the premises wiring system used between the amplifier output and the loudspeaker input
through an independent input connector, cord, or cable. for the following reasons:

FPN No. 1 to 640.9(B) clarifies that, while the equip-
ment can be powered by a replacement source for the prem- 1. At the output of the amplifier to change the amplifier’s
ises wiring system, such a source (a UPS or a standby operating voltage to match the design impedance of the
generator) is not considered to be supplying the equipment loudspeaker
auxiliary power supply unless it is directly connected to the 2. At the loudspeaker, where the inherently low voice coil
auxiliary power supply input and supplying a dc voltage. impedance is raised, to match the output voltage of the

amplifier (or autotransformer)
3. Between the amplifier output and loudspeaker input as

FPN No. 2: Refer toNFPA 72-2002,National Fire Alarm an attenuating device (volume control)
Code, where equipment is used for a fire alarm system.

(C) Output Wiring and Listing of Amplifiers Amplifiers Audio autotransformers are similar in concept to auto-
with output circuits carrying audio program signals shall be transformers used for light and power, but they are not
permitted to employ Class 1, Class 2, or Class 3 wiring designed for such use. Audio transformers are commonly
where the amplifier is listed and marked for use with the used to provide electrical isolation of the speakers from the
specific class of wiring method. Such listing shall ensure
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640.10 Article 640 — Audio Signal Processing, Amplification, and Reproduction Equipment

equipment (specifically an amplifier or a receiver) is in-signal source. Either type of audio transformer (two winding
or autotransformer) is frequently referred to as an ‘‘imped- stalled in an electrical cabinet or a room not near a body of

water, the requirement for GFCI protection does not apply,ance matching transformer.’’ The last sentence of 640.9(D)
specifically addresses the fact that electrical terminals are unless required by other sections of the Code.
not to be treated in the same manner as transformers used
for light and power might be (e.g., grounding the common
terminal of an autotransformer). Some amplifier outputs are (B) Equipment Not Supplied by Branch-Circuit Power
deliberately isolated from equipment ground, in which case Audio system equipment powered by a listed Class 2 power
such a connection could damage the amplifier and violate supply or by the output of an amplifier listed as permitting
the manufacturer’s recommended use. The frame of the the use of Class 2 wiring shall be restricted in placement
transformer may or may not require bonding, depending on only by the manufacturer’s recommendations.
the manufacturer’s installation instructions.

FPN: Placement of the power supply or amplifier, if
supplied by branch-circuit power, is still subject to
640.10(A).640.10 Audio Systems Near Bodies of Water

Audio systems near bodies of water, either natural or artifi-
II. Permanent Audio Systemcial, shall be subject to the restrictions specified in 640.10(A)

and 640.10(B). Installations
Exception: This section does not include audio systems in-

Permanent audio systems are characterized by fixed loca-tended for use on boats, yachts, or other forms of land or
tions for the wiring, signal processing equipment, and repro-water transportation used near bodies of water, whether or
duction equipment. Wiring is attached to the buildingnot supplied by branch-circuit power.
structure and is frequently concealed. Speakers in commer-

FPN: See 680.27(A) for installation of underwater audio cial, hospital, school, and restaurant areas are commonly
equipment. recessed into ceiling or wall surfaces, or they are mounted

to structure surfaces using brackets, usually beyond the reach
(A) Equipment Supplied by Branch-Circuit Power

of a standing person.
Audio system equipment supplied by branch-circuit power
shall not be placed laterally within 1.5 m (5 ft) of the inside
wall of a pool, spa, hot tub, or fountain, or within 1.5 m (5

640.21 Use of Flexible Cords and Cablesft) of the prevailing or tidal high water mark. The equipment
shall be provided with branch-circuit power protected by (A) Between Equipment and Branch-Circuit Power

Power supply cords for audio equipment shall be suitablea ground-fault circuit interrupter where required by other
articles. for the use and shall be permitted to be used where the

interchange, maintenance, or repair of such equipment is
facilitated through the use of a power supply cord.Article 680 is limited by its scope to the use of underwater

loudspeakers. This particular application for audio equip-
(B) Between Loudspeakers and Amplifiers or Betweenment is unique in construction and wiring to pools and is
Loudspeakers Cables used to connect loudspeakers to eachappropriate for Article 680.
other or to an amplifier shall comply with Article 725. OtherOther locations where audio equipment might be used
listed cable types and assemblies, including optional hybrid‘‘near bodies of water’’ are not addressed in Article 680.
communications, signal, and optical fiber cables, shall beThe purpose of 640.10(A), in conjunction with the other
permitted.requirements of Article 640, is to address locations where

audio equipment is used near bodies of water.
The exception to 640.10(A) excludes sound systems on Some loudspeakers are specifically identified as being for

outdoor use. The requirements of 110.11 specify that electri-vehicles used in or near water, such as amphibious vehicles
and boats of all sizes. cal equipment and conductors be identified for use in the

operating environment. This general requirement applies toThe term prevailing or tidal high water mark recognizes
that the edges of natural bodies of water can advance or equipment and conductors used in conjunction with the in-

stallation of audio equipment. Exhibit 640.2 shows a loud-recede. This phrase makes clear that such changes can be
anticipated. speaker identified for outdoor use and located partially

inground. The conductors supplying this outdoor speakerThe requirement for use of a GFCI is placed here to
ensure that personnel are properly protected. Where the must also be identified for the environment.
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640.25Article 640 — Audio Signal Processing, Amplification, and Reproduction Equipment

640.22 Wiring of Equipment Racks
and Enclosures
Metal equipment racks and enclosures shall be grounded.
Bonding shall not be required if the rack is connected to a
technical power ground.

Equipment racks shall be wired in a neat and workman-
like manner. Wires, cables, structural components, or other
equipment shall not be placed in such a manner as to prevent
reasonable access to equipment power switches and reset-
table or replaceable circuit overcurrent protection devices.

Supply cords or cables, if used, shall terminate within
the equipment rack enclosure in an identified connector as-
sembly. The supply cords or cable (and connector assembly,
if used) shall have sufficient ampacity to carry the total load
connected to the equipment rack and shall be protected by
overcurrent devices.

Exhibit 640.2 Loudspeaker for outdoor use above ground or
partially in ground. (Courtesy of Bose Corp.) 640.23 Conduit or Tubing

(A) Number of Conductors The number of conductors
permitted in a single conduit or tubing shall not exceed the

(C) Between Equipment Cables used for the distribution percentage fill specified in Table 1, Chapter 9.
of audio signals between equipment shall comply with Arti-
cle 725. Other listed cable types and assemblies, including (B) Nonmetallic Conduit or Tubing and Insulating
optional hybrid communications, signal, and optical fiber Bushings The use of nonmetallic conduit or tubing and
cables, shall be permitted. Other cable types and assemblies insulating bushings shall be permitted where a technical
specified by the equipment manufacturer as acceptable for power system is employed and shall comply with applicable
the use shall be permitted in accordance with 110.3(B). articles.

(D) Between Equipment and Power Supplies Other
640.24 Wireways, Gutters, andThan Branch-Circuit Power The following power sup-
Auxiliary Guttersplies, other than branch-circuit power supplies, shall be in-

stalled and wired between equipment in accordance with The use of metallic and nonmetallic wireways, gutters, and
the requirements of this Code for the voltage and power auxiliary gutters shall be permitted for use with audio signal
delivered: conductors and shall comply with applicable articles with

respect to permitted locations, construction, and fill.
(1) Storage batteries
(2) Transformers

640.25 Loudspeaker Installation in Fire(3) Transformer rectifiers
Resistance-Rated Partitions, Walls, and Ceilings(4) Other ac or dc power supplies
Loudspeakers installed in a fire resistance-rated partition,

FPN: For some equipment, these sources such as in items wall, or ceiling shall be listed for that purpose or installed
(1) and (2) serve as the only source of power. These

in an enclosure or recess that maintains the fire resistancecould, in turn, be supplied with intermittent or continuous
rating.branch-circuit power.

FPN: Fire-rated construction is the fire-resistive classifi-(E) Between Equipment Racks and Premises Wiring
cation used in building codes. One method of determining

System Flexible cords and cables shall be permitted for fire rating is testing in accordance with NFPA 251-1999,
the electrical connection of permanently installed equipment Standard Methods of Tests of Fire Endurance of Building

Construction and Materials.racks to the premises wiring system to facilitate access to
equipment or for the purpose of isolating the technical power
system of the rack from the premises ground. Connection Revised in the 1999 Code, 640.25 requires an enclosure that
shall be made either by using approved plugs and receptacles maintains the requisite fire resistance rating of the wall or
or by direct connection within an approved enclosure. Flexi- ceiling in which a flush-mount loudspeaker is installed.
ble cords and cables shall not be subjected to physical manip- Listed enclosures are available for this purpose; however,
ulation or abuse while the rack is in use.
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640.41 Article 640 — Audio Signal Processing, Amplification, and Reproduction Equipment

prior to their availability, site-built enclosures were installed multipole connectors shall be polarized and comply with
406.6(A) and 406.6(B) and 406.9. Alternating-current orwith the approval of the authority having jurisdiction and

have been used as a method to maintain the fire-resistance direct-current multipole connectors utilized for connection
between loudspeakers and amplifiers, or between loudspeak-rating of the wall or ceiling.

The reference to NFPA 251, Standard Methods of Tests ers, shall not be compatible with nonlocking 15- or 20-
ampere rated connectors intended for branch-circuit powerof Fire Endurance of Building Construction and Materials,

is intended to clarify a typical classification method for a or with connectors rated 250 volts or greater and of either
the locking or nonlocking type. Signal cabling not intendedcomponent of the ceiling or for components installed therein.
for such loudspeaker and amplifier interconnection shall not
be permitted to be compatible with multipole branch-circuit

III. Portable and Temporary Audio cable connectors of any accepted configuration.
System Installations

FPN: See 400.10 for pull at terminals.

Portable and temporary audio system installations are char- 640.42 Use of Flexible Cords and Cables
acterized by the portable nature of the signal processing

(A) Between Equipment and Branch-Circuit Powerequipment and the reproduction equipment. While the equip-
Power supply cords for audio equipment shall be listed andment may not differ fundamentally from that used in perma-
shall be permitted to be used where the interchange, mainte-nent installations, the enclosures that serve as portable
nance, or repair of such equipment is facilitated through theequipment racks provide both transit protection and mechan-
use of a power supply cord.ical protection while the equipment is in use. Such enclosures

may accommodate one or multiple pieces of equipment and (B) Between Loudspeakers and Amplifiers, or Between
may be of metal, wood, plastic, or reinforced plastic con- Loudspeakers Flexible cords and cables used to connect
struction. The nonmetal construction enclosures frequently loudspeakers to each other or to an amplifier shall comply
do not comply with ANSI/EIA 310-D-1992, Cabinets, with Article 400 and Article 725, respectively. Cords and
Racks, Panels and Associated Equipment, except for the cables listed for portable use, either hard or extra-hard usage
mounting attachment points for the equipment. as defined by Article 400, shall also be permitted. Other

Three conditions distinguish a portable installation from listed cable types and assemblies, including optional hybrid
a temporary installation. The first is the nature of use and communications, signal, and optical fiber cables, shall be
possession. For example, a theater might employ portable permitted.
equipment that is moved during the course of a performance
but is never used for a nontheater event. The second condi- (C) Between Equipment and/or Between Equipment
tion is the transitory nature of the event. A performer could Racks Flexible cords and cables used for the distribution
use his or her personal portable equipment for a performance of audio signals between equipment shall comply with Arti-
in a theater, but because the presence of the equipment within cle 400 and Article 725, respectively. Cords and cables listed
the theater terminates with the end of the performance, the for portable use, either hard or extra-hard service as defined
equipment’s use qualifies as temporary. Finally, an event by Article 400, shall also be permitted. Other listed cable
that is considered temporary will obviously use temporary types and assemblies, including optional hybrid communica-
audio systems. Examples include fairs, circuses, outdoor tions, signal, and optical fiber cables, shall be permitted.
concerts, and folk festivals. Part III of Article 640 covers

(D) Between Equipment, Equipment Racks, and Powerportable and temporary installations, the differences being
Supplies Other Than Branch-Circuit Power Wiring be-primarily ones of intent and, for outdoor temporary use,
tween the following power supplies, other than branch-adequate protection of the equipment from environmental
circuit power supplies, shall be installed, connected, or wiredhazards.
in accordance with the requirements of this Code for the
voltage and power required:

640.41 Multipole Branch-Circuit
(1) Storage batteriesCable Connectors
(2) Transformers

Multipole branch-circuit cable connectors, male and female, (3) Transformer rectifiers
for power supply cords and cables shall be so constructed (4) Other ac or dc power supplies
that tension on the cord or cable is not transmitted to the
connections. The female half shall be attached to the load (E) Between Equipment Racks and Branch-Circuit

Power The supply to a portable equipment rack shall beend of the power supply cord or cable. The connector shall
be rated in amperes and designed so that differently rated by means of listed extra-hard usage cords or cables, as

defined in Table 400.4. For outdoor portable or temporarydevices cannot be connected together. Alternating-current
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645.1Article 645 — Information Technology Equipment

use, the cords or cables shall be further listed as being or supervised by qualified personnel so as to prevent public
access.suitable for wet locations and sunlight resistant. Sections

520.5, 520.10, and 525.3 shall apply as appropriate when
the following conditions exist:

ARTICLE 645
(1) Where equipment racks include audio and lighting and/

Information Technologyor power equipment
(2) When using or constructing cable extensions, adapters, Equipment

and breakout assemblies

Summary of Changes640.43 Wiring of Equipment Racks
• 645.5(D)(3): Revised to correlate with 645.2(2) regardingEquipment racks fabricated of metal shall be grounded. Non-

other areas permitted to be served by ITE room HVACmetallic racks with covers (if provided) removed shall not
where provided with proper smoke/fire dampers that iso-allow access to Class 1, Class 3, or primary circuit power
late ITE room upon detection of products of combustion.without the removal of covers over terminals or the use of

• 645.5(D)(5)(c): Deleted Type MP cable.tools.
Equipment racks shall be wired in a neat and workman- • 645.17: Added new section covering number of overcur-

like manner. Wires, cables, structural components, or other rent devices permitted to be installed in listed power distri-
equipment shall not be placed in such a manner as to prevent bution units.
reasonable access to equipment power switches and reset-
table or replaceable circuit overcurrent protection devices.

Wiring that exits the equipment rack for connection to
Contentsother equipment or to a power supply shall be relieved of

strain or otherwise suitably terminated such that a pull on 645.1 Scope
the flexible cord or cable shall not increase the risk of damage 645.4 Special Requirements for Information Technology
to the cable or connected equipment such as to cause an Equipment Room
unreasonable risk of fire or electric shock. 645.5 Supply Circuits and Interconnecting Cables

(A) Branch-Circuit Conductors
640.44 Environmental Protection of Equipment (B) Cord-and-Plug Connections

(C) Interconnecting CablesPortable equipment not listed for outdoor use shall be permit-
(D) Under Raised Floorsted only where appropriate protection of such equipment
(E) Securing in Placefrom adverse weather conditions is provided to prevent risk

645.6 Cables Not in Information Technology Equipmentof fire or electrical shock. Where the system is intended to
Roomremain operable during adverse weather, arrangements shall

645.7 Penetrationsbe made for maintaining operation and ventilation of heat-
645.10 Disconnecting Meansdissipating equipment.
645.11 Uninterruptible Power Supplies (UPS)
645.15 GroundingMost portable audio equipment used in temporary audio
645.16 Markingsystems is not listed for use in an outdoor environment. The
645.17 Power Distribution Unitsuse of such equipment with an appropriate enclosure or other

means to protect the equipment from anticipated adverse
weather conditions is permitted by 640.44. 645.1 Scope

This article covers equipment, power-supply wiring, equip-
ment interconnecting wiring, and grounding of information640.45 Protection of Wiring
technology equipment and systems, including terminal units,

Where accessible to the public, flexible cords and cables in an information technology equipment room.
laid or run on the ground or on the floor shall be covered
with approved nonconductive mats. Cables and mats shall

The term information technology equipment (ITE) replacedbe arranged so as not to present a tripping hazard.
other terms that describe computer-based business, personal,
and industrial equipment. This terminology is also used by640.46 Equipment Access
UL 60950-1, Safety of Information Technology, Part 1: Gen-

Equipment likely to present a risk of fire, electrical shock, eral Requirements, as well as international standards, as a
or physical injury to the public shall be protected by barriers
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645.4 Article 645 — Information Technology Equipment

restrictive provisions in Article 645 cannot be taken advan-more inclusive term for the equipment addressed by Article
645. tage of if any one of the conditions specified in 645.4 is

absent.
Article 645 applies only to equipment and wiring located

FPN: For further information, see NFPA 75-2003, Stan- within the ITE room. An ITE room is an enclosed area, with
dard for the Protection of Information Technology one or more means of entry, that contains computer-basedEquipment.

business and industrial equipment. It is designed to comply
with the special construction and fire protection provisions645.4 Special Requirements for Information
of NFPA 75, as well as 645.4 of the Code.Technology Equipment Room

Small terminals, such as remote telephone terminal
This article shall apply, provided all of the following condi- units, remote data terminals, personal computers, and cash
tions are met: registers in stores and supermarkets, are not covered by

Article 645.(1) Disconnecting means complying with 645.10 are pro-
vided.

(2) A separate heating/ventilating/air-conditioning (HVAC)
645.5 Supply Circuits andsystem is provided that is dedicated for information
Interconnecting Cablestechnology equipment use and is separated from other

areas of occupancy. Any HVAC system that serves other (A) Branch-Circuit Conductors The branch-circuit con-
occupancies shall be permitted to also serve the informa- ductors supplying one or more units of a data processing
tion technology equipment room if fire/smoke dampers system shall have an ampacity not less than 125 percent of
are provided at the point of penetration of the room the total connected load.
boundary. Such dampers shall operate on activation of

(B) Cord-and-Plug Connections The data processing sys-smoke detectors and also by operation of the discon-
tem shall be permitted to be connected to a branch circuitnecting means required by 645.10.
by any of the following listed means:

FPN: For further information, see NFPA 75-2003, Stan-
dard for the Protection of Information Technology Equip- (1) Flexible cord and attachment plug cap not to exceed
ment, Chapter 10, 10.1, 10.1.1, 10.1.2, and 10.1.3. 4.5 m (15 ft).

(2) Cord set assembly. Where run on the surface of the(3) Listed information technology equipment is installed.
floor, they shall be protected against physical damage.(4) The room is occupied only by those personnel needed

for the maintenance and functional operation of the
(C) InterconnectingCables Separate data processing unitsinstalled information technology equipment.
shall be permitted to be interconnected by means of listed ca-(5) The room is separated from other occupancies by fire-
bles and cable assemblies. Where exposed to physical dam-resistant-rated walls, floors, and ceilings with protected
age, the installation shall be protected by approved means.openings.

FPN: For further information on room construction re- (D) Under Raised Floors Power cables, communications
quirements, see NFPA 75-2003, Standard for the Protec- cables, connecting cables, interconnecting cables, and recep-
tion of Information Technology Equipment, Chapter 5. tacles associated with the information technology equipment

shall be permitted under a raised floor, provided the follow-
Use of the requirements in Article 645 is based on the ing conditions are met:
assumption that construction of the information technology

(1) The raised floor is of suitable construction, and the areaequipment (ITE) room complies with NFPA 75, Standard
under the floor is accessible.for the Protection of Information Technology Equipment.

(2) The branch-circuit supply conductors to receptacles orFor those ITE rooms constructed in accordance with NFPA
field-wired equipment are in rigid metal conduit, rigid75, Article 645 contains electrical installation requirements
nonmetallic conduit, intermediate metal conduit, electri-that are less stringent than the requirements in the first four
cal metallic tubing, electrical nonmetallic tubing, metalchapters of the Code. Application of these provisions is
wireway, nonmetallic wireway, surface metal racewaycontingent on the ITE room construction and equipment
with metal cover, nonmetallic surface raceway, flexiblemeeting all five provisions specified in 645.4. For example,
metal conduit, liquidtight flexible metal conduit, or liq-the provisions for wiring installations in the space beneath
uidtight flexible nonmetallic conduit, Type MI cable,the raised floor of an ITE room where that space is also
Type MC cable, or Type AC cable. These supply con-used for environmental air are less stringent than those in
ductors shall be installed in accordance with the require-Chapters 1 through 4 for that same type of space. The less
ments of 300.11.
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645.7Article 645 — Information Technology Equipment

P or R or G. Green, or green with one or more yellowBranch-circuit conductors installed under the raised floor of
stripes, insulated single conductor cables, 4 AWGan ITE room using any of the wiring methods listed in
and larger, marked ‘‘for use in cable trays’’ or ‘‘for645.5(D)(2) are required to conform to the specific article
CT use’’ shall be permitted for equipment grounding.for the wiring method used. In addition, Article 300 applies,

except where modified by Article 645. For example, 300.11
FPN: One method of defining fire resistance is by estab-requires raceways, cables, and boxes to be securely fastened
lishing that the cables do not spread fire to the top ofin place, even though they are installed below a raised floor.
the tray in the ‘‘Vertical Tray Flame Test’’ referenced
in ANSI/UL 1581-2001, Standard for Electrical Wires,
Cables, and Flexible Cords. Another method of defining

(3) Ventilation in the underfloor area is used for the informa- fire resistance is for the damage (char length) not to
tion technology equipment room only, except as pro- exceed 1.5 m (4 ft 11 in.) when performing the CSA

‘‘Vertical Flame Test — Cables in Cable Trays,’’ as de-vided in 645.4(2). The ventilation system shall be so
scribed in CSA C22.2 No. 0.3-M-2001, Test Methods forarranged, with approved smoke detection devices, that
Electrical Wires and Cables.upon the detection of fire or products of combustion in

the underfloor space the circulation of air will cease.
Interconnecting cables used under raised floors (other than
branch-circuit conductors) are required by 645.5(D)(5) to beThe underfloor area of the ITE room is required to be pro-
listed as Type DP cables. Cables listed as part of equipmentvided with smoke detection device(s). Upon detection of
manufactured before the effective date of July 1, 1994, weresmoke, the circulation of air in the underfloor area must be
not required to be listed. Cables in raceways are also exempt.interrupted. The most common method of interrupting air
Cables that pass the Vertical Tray Flame Test referenced incirculation is to open the circuit that supplies power to the
ANSI/UL 1581-2001, Standard for Electrical Wires, Cables,air circulation fan. In addition to causing cessation of air
and Flexible Cords, or the Vertical Flame Test — Cables incirculation in the underfloor area, the smoke detectors may
Cable Trays as described in CSA C22.2, No. 0.3-M-2001,provide other fire protection functions as part of a complete
Test Method for Electrical Wires and Cables (where notbuilding fire alarm system.
more than 4 ft 11 in. of cable is damaged during the CSAA revision to 645.5(D)(3) for the 2005 Code recognizes
test), are permitted to be installed under raised floors ofthat a ventilation system can serve the underfloor areas of
computer rooms. Type DP cables that satisfy these tests arean ITE room as well as other areas of a building, if the
also permitted under raised floors.ventilation system is equipped with the requisite smoke and

fire dampers at the ITE room boundaries. These fire protec-
tion features isolate the underfloor area from other areas

(6) Abandoned cables shall be removed unless containedserved by the ventilation system upon detection of smoke
in metal raceways.or activation of the ITE room disconnecting means. This

revision correlates 645.5(D)(3) with 645.4(2).
(E) Securing in Place Power cables; communications ca-
bles; connecting cables; interconnecting cables; and associ-
ated boxes, connectors, plugs, and receptacles that are listed(4) Openings in raised floors for cables protect cables
as part of, or for, information technology equipment shallagainst abrasions and minimize the entrance of debris
not be required to be secured in place.beneath the floor.

(5) Cables, other than those covered in (D)(2) and those
complying with (D)(5)(a), (D)(5)(b), or (D)(5)(c), shall 645.6 Cables Not in Information Technology
be listed as Type DP cable having adequate fire-resistant Equipment Room
characteristics suitable for use under raised floors of an

Cables extending beyond the information technology equip-
information technology equipment room.

ment room shall be subject to the applicable requirements
a. Interconnecting cables enclosed in a raceway. of this Code.
b. Interconnecting cables listed with equipment manu-

FPN: For signaling circuits, refer to Article 725; for fiberfactured prior to July 1, 1994, being installed with
optic circuits, refer to Article 770; and for communica-that equipment.
tions circuits, refer to Article 800. For fire alarm systems,c. Cable type designations Type TC (Article 336);
refer to Article 760.

Types CL2, CL3, and PLTC (Article 725); Type ITC
(Article 727); Types NPLF and FPL (Article 760);

645.7 PenetrationsTypes OFC and OFN (Article 770); Type CM (Article
800); and Type CATV (Article 820). These designa- Penetrations of the fire-resistant room boundary shall be in

accordance with 300.21.tions shall be permitted to have an additional letter
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645.10 Article 645 — Information Technology Equipment

with Article 250 or shall be double insulated. Power645.10 Disconnecting Means
systems derived within listed information technology equip-A means shall be provided to disconnect power to all elec-
ment that supply information technology systems throughtronic equipment in the information technology equipment
receptacles or cable assemblies supplied as part of this equip-room. There shall also be a similar means to disconnect the
ment shall not be considered separately derived for the pur-power to all dedicated HVAC systems serving the room and
pose of applying 250.20(D). Where signal referencecause all required fire/smoke dampers to close. The control
structures are installed, they shall be bonded to the equipmentfor these disconnecting means shall be grouped and identi-
grounding system provided for the information technologyfied and shall be readily accessible at the principal exit doors.
equipment.A single means to control both the electronic equipment and

HVAC systems shall be permitted. Where a pushbutton is
The last sentence of 645.15 recognizes that properly bondedused as a means to disconnect power, pushing the button in
high-frequency signal reference structures provide additionalshall disconnect the power.
safety measures.

In 645.10, two separate disconnecting means are required,
but a single control, such as one pushbutton, is permitted

FPN No. 1: The bonding and grounding requirementsto electrically operate both disconnecting means. The discon-
in the product standards governing this listed equipment

necting means is required to disconnect the conductors of ensure that it complies with Article 250.
each circuit from their supply source and close all required FPN No. 2: Where isolated grounding-type receptacles
fire/smoke dampers. (See the definition of disconnecting are used, see 250.146(D) and 406.2(D).
means in Article 100.) The disconnecting means is permitted
to be remote-controlled switching devices, such as relays,
with pushbutton stations at the principal exit doors. The 645.16 Marking
2002 Code specified that the actuation of the emergency Each unit of an information technology system supplied by
pushbutton(s) be accomplished by pushing the button in, a branch circuit shall be provided with a manufacturer’s
rather than pulling it out. The requirement recognizes that nameplate, which shall also include the input power require-
in an emergency situation the intuitive reaction to operating ments for voltage, frequency, and maximum rated load in
the control is to push, not pull, the button. amperes.

The requirements of 645.10 and those of 645.7 for seal-
ing penetrations are intended to minimize the passage of
smoke or fire to other parts of the building. 645.17 Power Distribution Units

Power distribution units that are used for information tech-
nology equipment shall be permitted to have multiple pan-
elboards within a single cabinet, provided that eachException: Installations qualifying under the provisions of
panelboard has no more than 42 overcurrent devices and theArticle 685.
power distribution unit is utilization equipment listed for
information technology application.645.11 Uninterruptible Power Supplies (UPS)

Except for installations and constructions covered in
Power distribution units (PDUs) are specialized electrical645.11(1) or 645.11(2), UPS systems installed within the
distribution equipment used to supply multiple bays of rack-information technology equipment room, and their supply
mounted modules installed in an ITE room. Due to the largeand output circuits, shall comply with 645.10. The discon-
number of overcurrent protective devices used in this typenecting means shall also disconnect the battery from its load.
of application, PDUs are built with multiple panelboards
installed in a single cabinet. In a single cabinet or enclosure,(1) Installations qualifying under the provisions of Article
the general requirement of 408.35 limits the number of over-685
current devices protecting lighting and appliance branch cir-(2) Power sources limited to 750 volt-amperes or less de-
cuits to no more than 42. This provision amends thatrived either from UPS equipment or from battery circuits
requirement for this specialized equipment provided theintegral to electronic equipment
PDU is specifically listed for use with information technol-
ogy equipment and there are no more than 42 overcurrent645.15 Grounding
protective devices installed in any one panelboard located

All exposed non–current-carrying metal parts of an infor- in the overall PDU enclosure.
mation technology system shall be grounded in accordance
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647.4Article 647 — Sensitive Electronic Equipment

requirements. The voltage-drop requirements are needed toARTICLE 647
ensure the operation of overcurrent devices to protect con-Sensitive Electronic Equipment
ductors and equipment supplied by these systems. Because
the use of standard overcurrent devices and distribution
equipment with higher voltage ratings is permitted, the im-Summary of Changes
pedance in circuits supplied by these systems under fault• 647.4(A): Revised to add combination two-pole fused
conditions is a primary concern, hence the mandatory volt-disconnecting means as a permitted method to simultane-
age-drop requirement.ously disconnect all ungrounded conductors.

647.3 General
Use of a separately derived 120-volt single-phase 3-wireContents
system with 60 volts on each of two ungrounded conductors

647.1 Scope
to a grounded neutral conductor shall be permitted for the

647.3 General
purpose of reducing objectionable noise in sensitive elec-

647.4 Wiring Methods
tronic equipment locations, provided that the following con-

(A) Panelboards and Overcurrent Protection
ditions apply:

(B) Junction Boxes
(C) Color Coding (1) The system is installed only in commercial or industrial
(D) Voltage Drop occupancies.

647.5 Three-Phase Systems (2) The system’s use is restricted to areas under close super-
647.6 Grounding vision by qualified personnel.

(A) General (3) All of the requirements in 647.4 through 647.8 are met.
(B) Grounding Conductors Required

647.7 Receptacles 647.4 Wiring Methods
(A) General (A) Panelboards and Overcurrent Protection Use of
(B) Isolated Ground Receptacles standard single-phase panelboards and distribution equip-

647.8 Lighting Equipment ment with a higher voltage rating shall be permitted. The
(A) Disconnecting Means system shall be clearly marked on the face of the panel or
(B) Luminaires (Lighting Fixtures) on the inside of the panel doors. Common trip two-pole
(C) Screw-Shell circuit breakers or a combination two-pole fused discon-

necting means that are identified for use at the system voltage
shall be provided for both ungrounded conductors in all

647.1 Scope feeders and branch circuits. Branch circuits and feeders shall
This article covers the installation and wiring of separately be provided with a means to simultaneously disconnect all
derived systems operating at 120 volts line-to-line and 60 ungrounded conductors.
volts to ground for sensitive electronic equipment.

This section was revised for the 2005 Code to recognize both
The use of this type of supply system as a means to reduce circuit breakers and fuses as acceptable means of providing
objectionable noise and its adverse effect on the performance overcurrent protection for technical power circuits. Addi-
of electronic audio and video equipment has been recognized tionally, all technical power feeder and branch circuits are
since the 1996 edition of the Code. Until the 2002 Code, now required to be provided with a disconnecting means
the use of separately derived, 3-wire, 120-volt line-to-line, that simultaneously opens all ungrounded conductors of the
60-volt-to-ground technical power systems was limited to circuit.
motion picture and television studios. Article 647 permits
the use of this type of supply system for all commercial and
industrial applications where sensitive audio/video or similar (B) JunctionBoxes All junction box covers shall be clearly
electronic equipment is used. Such systems can be used only marked to indicate the distribution panel and the system
under the close supervision of qualified individuals. voltage.

Unlike electrical distribution systems that supply light-
(C) Color Coding All feeders and branch-circuit conduc-ing and appliance branch circuits, the supply systems cov-
tors installed under this section shall be identified as toered by Article 647 are subject to mandatory voltage-drop
system at all splices and terminations by color, marking,
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647.5 Article 647 — Sensitive Electronic Equipment

FPN No. 2: These requirements limit the impedance oftagging, or equally effective means. The means of identifica-
the ground fault path where only 60 volts apply to a faulttion shall be posted at each branch-circuit panelboard and
condition instead of the usual 120 volts.at the disconnecting means for the building.

647.7 Receptacles(D) Voltage Drop The voltage drop on any branch circuit
shall not exceed 1.5 percent. The combined voltage drop of (A) General Where receptacles are used as a means of
feeder and branch-circuit conductors shall not exceed 2.5 connecting equipment, the following conditions shall be met:
percent. (1) All 15- and 20-ampere receptacles shall be GFCI

protected.(1) Fixed Equipment The voltage drop on branch circuits
(2) All outlet strips, adapters, receptacle covers, and face-supplying equipment connected using wiring methods in

plates shall be marked with the following words orChapter 3 shall not exceed 1.5 percent. The combined volt-
equivalent:age drop of feeder and branch-circuit conductors shall not

exceed 2.5 percent. WARNING — TECHNICAL POWER
Do not connect to lighting equipment.

(2) Cord-Connected Equipment The voltage drop on For electronic equipment use only.
branch circuits supplying receptacles shall not exceed 1 per- 60/120 V. 1�ac

GFCI protectedcent. For the purposes of making this calculation, the load
connected to the receptacle outlet shall be considered to be (3) A 125-volt, single-phase, 15- or 20-ampere-rated recep-
50 percent of the branch-circuit rating. The combined voltage tacle outlet having one of its current-carrying poles
drop of feeder and branch-circuit conductors shall not exceed connected to a grounded circuit conductor shall be lo-
2.0 percent. cated within 1.8 m (6 ft) of all permanently installed

15- or 20-ampere-rated 60/120-volt technical power-FPN: The purpose of this provision is to limit voltage
drop to 1.5 percent where portable cords may be used system receptacles.
as a means of connecting equipment. (4) All 125-volt receptacles used for 60/120-volt technical

power shall have a unique configuration and be identi-647.5 Three-Phase Systems
fied for use with this class of system. All 125-volt,

Where 3-phase power is supplied, a separately derived 6- single-phase, 15- or 20-ampere-rated receptacle outlets
phase ‘‘wye’’ system with 60 volts to ground installed under and attachment plugs that are identified for use with
this article shall be configured as three separately derived grounded circuit conductors shall be permitted in ma-
120-volt single-phase systems having a combined total of chine rooms, control rooms, equipment rooms, equip-
no more than six main disconnects. ment racks, and other similar locations that are restricted

to use by qualified personnel.647.6 Grounding
(B) IsolatedGroundReceptacles Isolated ground recepta-(A) General The system shall be grounded as provided in
cles shall be permitted as described in 250.146(D); however,250.30 as a separately derived single-phase 3-wire system.
the branch circuit equipment grounding conductor shall be

(B) Grounding Conductors Required Permanently wired terminated as required in 647.6(B).
utilization equipment and receptacles shall be grounded by

647.8 Lighting Equipmentmeans of an equipment grounding conductor run with the
circuit conductors to an equipment grounding bus promi- Lighting equipment installed under this article for the pur-
nently marked ‘‘Technical Equipment Ground’’ in the origi- pose of reducing electrical noise originating from lighting
nating branch-circuit panelboard. The grounding bus shall equipment shall meet the conditions of 647.8(A) through
be connected to the grounded conductor on the line side of 647.8(C).
the separately derived system’s disconnecting means. The

(A) Disconnecting Means All luminaires (lighting fix-grounding conductor shall not be smaller than that specified
tures) connected to separately derived systems operating atin Table 250.122 and run with the feeder conductors. The
60 volts to ground, and associated control equipment iftechnical equipment grounding bus need not be bonded to the
provided, shall have a disconnecting means that simultane-panelboard enclosure. Other grounding methods authorized
ously opens all ungrounded conductors. The disconnectingelsewhere in this Code shall be permitted where the imped-
means shall be located within sight of the luminaire (lightingance of the grounding return path does not exceed the imped-
fixture) or be capable of being locked in the open position.ance of equipment grounding conductors sized and installed
(B) Luminaires (Lighting Fixtures) All luminaires (light-in accordance with this article.
ing fixtures) shall be permanently installed and listed forFPN No. 1: See 250.122 for equipment grounding con-
connection to a separately derived system at 120 volts line-ductor sizing requirements where circuit conductors are

adjusted in size to compensate for voltage drop. to-line and 60 volts to ground.
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650.8Article 660 — X-Ray Equipment

(B) Insulation Conductors shall have thermoplastic or(C) Screw-Shell Luminaires installed under this section
shall not have an exposed lamp screw-shell. thermosetting insulation.

(C) Conductors to Be Cabled Except for the common-
return conductor and conductors inside the organ proper, theARTICLE 650
organ sections and the organ console conductors shall be

Pipe Organs cabled. The common-return conductors shall be permitted
under an additional covering enclosing both cable and return
conductor, or they shall be permitted as a separate conductor

Contents
and shall be permitted to be in contact with the cable.

650.1 Scope
650.3 Other Articles (D) Cable Covering Each cable shall be provided with an
650.4 Source of Energy outer covering, either overall or on each of any subassem-
650.5 Grounding blies of grouped conductors. Tape shall be permitted in place
650.6 Conductors of a covering. Where not installed in metal raceway, the

(A) Size covering shall be resistant to flame spread, or the cable or
(B) Insulation each cable subassembly shall be covered with a closely
(C) Conductors to Be Cabled wound listed fireproof tape.
(D) Cable Covering

FPN: One method of determining that cable is resistant650.7 Installation of Conductors
to flame spread is by testing the cable to the VW-1

650.8 Overcurrent Protection (vertical-wire) flame test in the ANSI/UL 1581-1991,
Reference Standard for Electrical Wires, Cables and
Flexible Cords.

650.1 Scope
This article covers those electrical circuits and parts of elec- 650.7 Installation of Conductors
trically operated pipe organs that are employed for the con- Cables shall be securely fastened in place and shall be per-
trol of the sounding apparatus and keyboards. mitted to be attached directly to the organ structure without

insulating supports. Cables shall not be placed in contact
650.3 Other Articles with other conductors.

Electronic organs shall comply with the appropriate provis-
ions of Article 640. Insulating supports are not required; however, measures

should be taken to prevent contact between the pipe organ
cables and conductors of other systems.650.4 Source of Energy

The source of power shall be a transformer-type rectifier,
the dc potential of which shall not exceed 30 volts dc.

650.8 Overcurrent Protection
Circuits shall be so arranged that 26 AWG and 28 AWG650.5 Grounding
conductors shall be protected by an overcurrent device rated

The rectifier shall be grounded according to the provisions at not more than 6 amperes. Other conductor sizes shall be
in 250.112(B). protected in accordance with their ampacity. A common

return conductor shall not require overcurrent protection.
650.6 Conductors
Conductors shall comply with 650.6(A) through 650.6(D).

ARTICLE 660
Note that 14 AWG wire is required only for a main common X-Ray Equipment
return conductor in the electromagnetic supply.

Contents
(A) Size Conductors shall be not less than 28 AWG for I. General
electronic signal circuits and not less than 26 AWG for 660.1 Scope
electromagnetic valve supply and the like. A main common- 660.2 Definitions
return conductor in the electromagnetic supply shall not be 660.3 Hazardous (Classified) Locations
less than 14 AWG.
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660.1 Article 660 — X-Ray Equipment

660.2 Definitions
660.4 Connection to Supply Circuit

Long-Time Rating. A rating based on an operating interval(A) Fixed and Stationary Equipment
of 5 minutes or longer.(B) Portable, Mobile, and Transportable Equipment

(C) Over 600 Volts, Nominal Mobile. X-ray equipment mounted on a permanent base
660.5 Disconnecting Means with wheels and/or casters for moving while completely
660.6 Rating of Supply Conductors and Overcurrent assembled.

Protection
MomentaryRating. A rating based on an operating interval(A) Branch-Circuit Conductors
that does not exceed 5 seconds.(B) Feeder Conductors

660.7 Wiring Terminals Portable. X-ray equipment designed to be hand-carried.
660.8 Number of Conductors in Raceway

Transportable. X-ray equipment that is to be installed in660.9 Minimum Size of Conductors
a vehicle or that may be readily disassembled for transport660.10 Equipment Installations
in a vehicle.II. Control

660.20 Fixed and Stationary Equipment
660.3 Hazardous (Classified) Locations(A) Separate Control Device

(B) Protective Device Unless approved for the location, X-ray and related equip-
660.21 Portable and Mobile Equipment ment shall not be installed or operated in hazardous (classi-
660.23 Industrial and Commercial Laboratory fied) locations.

Equipment
(A) Radiographic and Fluoroscopic Types X-ray equipment in industrial establishments or similar loca-
(B) Diffraction and Irradiation Types tions is commonly used for inspecting a process or product.

660.24 Independent Control This method permits nondestructive testing without disman-
III. Transformers and Capacitors tling or applying stress to detect cracks, flaws, or structural

660.35 General defects. Welded joints are frequently inspected with X-ray
660.36 Capacitors equipment to detect hidden defects that can cause failure

IV. Guarding and Grounding under stress.
660.47 General Among the industrial applications of X-rays, the most

(A) High-Voltage Parts common is radiography, in which shadow pictures of the
(B) Low-Voltage Cables object are produced on photographic film. The type and

660.48 Grounding thickness of the material involved govern the voltage to
be employed, which can range from a few thousand volts
(kilovolts) to millions of volts (megavolts). It is possible toI. General
X-ray metal objects that are 20 in. thick.

Fluoroscopy is another X-ray technique used for indus-660.1 Scope
trial and commercial applications. Fluoroscopy is similar toThis article covers all X-ray equipment operating at any
radiography, but it operates at a much lower voltage rangefrequency or voltage for industrial or other nonmedical or
(less than 250 kilovolts). Instead of producing a film, itnondental use.
projects a shadow picture on a screen, similar to those used

FPN: See Article 517, Part V, for X-ray installations in for security checks of luggage at airport terminals. Fluoros-
health care facilities. copy is capable of detecting minute flaws or defects.

Nothing in this article shall be construed as specifying
FPN: See Article 517, Part IV.safeguards against the useful beam or stray X-ray radiation.

FPN No. 1: Radiation safety and performance require- 660.4 Connection to Supply Circuitments of several classes of X-ray equipment are regulated
under Public Law 90-602 and are enforced by the Depart- (A) Fixed and Stationary Equipment Fixed and station-
ment of Health and Human Services. ary X-ray equipment shall be connected to the power supply
FPN No. 2: In addition, information on radiation protec- by means of a wiring method meeting the general require-
tion by the National Council on Radiation Protection and ments of thisCode. Equipment properly supplied by a branch
Measurements is published as Reports of the National

circuit rated at not over 30 amperes shall be permitted toCouncil on Radiation Protection and Measurement.
be supplied through a suitable attachment plug cap and hard-These reports can be obtained from NCRP Publications,

7910 Woodmont Ave., Suite 1016, Bethesda, MD 20814. service cable or cord.
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660.24Article 660 — X-Ray Equipment

(B) Portable, Mobile, and Transportable Equipment In- 660.8 Number of Conductors in Raceway
dividual branch circuits shall not be required for portable, The number of control circuit conductors installed in a race-
mobile, and transportable X-ray equipment requiring a ca- way shall be determined in accordance with 300.17.
pacity of not over 60 amperes. Portable and mobile types
of X-ray equipment of any capacity shall be supplied through 660.9 Minimum Size of Conductors
a suitable hard-service cable or cord. Transportable X-ray Size 18 AWG or 16 AWG fixture wires, as specified in
equipment of any capacity shall be permitted to be connected 725.27, and flexible cords shall be permitted for the control
to its power supply by suitable connections and hard-service and operating circuits of X-ray and auxiliary equipment
cable or cord. where protected by not larger than 20-ampere overcurrent

devices.(C) Over 600 Volts, Nominal Circuits and equipment op-
erated at more than 600 volts, nominal, shall comply with 660.10 Equipment Installations
Article 490.

All equipment for new X-ray installations and all used or
reconditioned X-ray equipment moved to and reinstalled at

660.5 Disconnecting Means a new location shall be of an approved type.
A disconnecting means of adequate capacity for at least 50

II. Controlpercent of the input required for the momentary rating or
100 percent of the input required for the long-time rating 660.20 Fixed and Stationary Equipment
of the X-ray equipment, whichever is greater, shall be pro-

(A) Separate Control Device A separate control device,vided in the supply circuit. The disconnecting means shall
in addition to the disconnecting means, shall be incorporatedbe operable from a location readily accessible from the X-
in the X-ray control supply or in the primary circuit to theray control. For equipment connected to a 120-volt, nominal,
high-voltage transformer. This device shall be a part of the X-branch circuit of 30 amperes or less, a grounding-type attach-
ray equipment but shall be permitted in a separate enclosurement plug cap and receptacle of proper rating shall be permit-
immediately adjacent to the X-ray control unit.ted to serve as a disconnecting means.
(B) Protective Device A protective device, which shall be
permitted to be incorporated into the separate control device,660.6 Rating of Supply Conductors and
shall be provided to control the load resulting from failuresOvercurrent Protection
in the high-voltage circuit.(A) Branch-Circuit Conductors The ampacity of supply

branch-circuit conductors and the overcurrent protective de- 660.21 Portable and Mobile Equipment
vices shall not be less than 50 percent of the momentary

Portable and mobile equipment shall comply with 660.20,rating or 100 percent of the long-time rating, whichever is
but the manually controlled device shall be located in or ongreater.
the equipment.

(B) Feeder Conductors The rated ampacity of conductors 660.23 Industrial and Commercial
and overcurrent devices of a feeder for two or more branch

Laboratory Equipmentcircuits supplying X-ray units shall not be less than 100
(A) Radiographic and Fluoroscopic Types All radio-percent of the momentary demand rating [as determined by
graphic- and fluoroscopic-type equipment shall be effec-660.6(A)] of the two largest X-ray apparatus plus 20 percent
tively enclosed or shall have interlocks that de-energize theof the momentary ratings of other X-ray apparatus.
equipment automatically to prevent ready access to live

FPN: The minimum conductor size for branch and feeder current-carrying parts.
circuits is also governed by voltage regulation require-

(B) Diffraction and Irradiation Types Diffraction- andments. For a specific installation, the manufacturer usu-
ally specifies minimum distribution transformer and irradiation-type equipment or installations not effectively
conductor sizes, rating of disconnect means, and overcur- enclosed or not provided with interlocks to prevent access to
rent protection.

live current-carrying parts during operation shall be provided
with a positive means to indicate when they are energized.

660.7 Wiring Terminals The indicator shall be a pilot light, readable meter deflection,
or equivalent means.X-ray equipment not provided with a permanently attached

cord or cord set shall be provided with suitable wiring termi-
660.24 Independent Controlnals or leads for the connection of power-supply conductors

of the size required by the rating of the branch circuit for Where more than one piece of equipment is operated from
the same high-voltage circuit, each piece or each group ofthe equipment.
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660.35 Article 665 — Induction and Dielectric Heating Equipment

equipment as a unit shall be provided with a high-voltage be grounded in the manner specified in Article 250. Portable
and mobile equipment shall be provided with an approvedswitch or equivalent disconnecting means. This discon-

necting means shall be constructed, enclosed, or located so grounding-type attachment plug cap.
as to avoid contact by persons with its live parts. Exception: Battery-operated equipment.

A control device provides means for initiating and terminat-
ARTICLE 665ing X-ray exposures and automatically times their duration.

Induction and Dielectric Heating
III. Transformers and Capacitors Equipment
660.35 General

ContentsTransformers and capacitors that are part of an X-ray equip-
ment shall not be required to comply with Articles 450 and I. General
460. 665.1 Scope

665.2 Definitions
665.3 Other ArticlesHigh-ratio step-up transformers that are an integral part of
665.4 Hazardous (Classified) Locationsan X-ray are not required to comply with Article 450 and
665.5 Output Circuitare generally used to provide the high voltage necessary for
665.7 Remote ControlX-ray tubes. Because there is a lesser degree of fire hazard

(A) Multiple Control Pointsdue to the low primary voltage, X-ray transformers are not
(B) Foot Switchesrequired to be installed in fire-resistant vaults.

665.10 Ampacity of Supply Conductors
(A) Nameplate Rating

660.36 Capacitors (B) Motor-Generator Equipment
665.11 Overcurrent ProtectionCapacitors shall be mounted within enclosures of insulating
665.12 Disconnecting Meansmaterial or grounded metal.

II. Guarding, Grounding, and Labeling
IV. Guarding and Grounding 665.19 Component Interconnection

665.20 Enclosures660.47 General
665.21 Control Panels

(A) High-Voltage Parts All high-voltage parts, including 665.22 Access to Internal Equipment
X-ray tubes, shall be mounted within grounded enclosures. 665.23 Warning Labels or Signs
Air, oil, gas, or other suitable insulating media shall be used 665.24 Capacitors
to insulate the high voltage from the grounded enclosure. 665.25 Dielectric Heating Applicator Shielding
The connection from the high-voltage equipment to X-ray 665.26 Grounding and Bonding
tubes and other high-voltage components shall be made with 665.27 Marking
high-voltage shielded cables.

(B) Low-Voltage Cables Low-voltage cables connecting I. General
to oil-filled units that are not completely sealed, such as

665.1 Scopetransformers, condensers, oil coolers, and high-voltage
This article covers the construction and installation of dielec-switches, shall have insulation of the oil-resistant type.
tric heating, induction heating, induction melting, and induc-
tion welding equipment and accessories for industrial andGrounded enclosures are required to be provided for all
scientific applications. Medical or dental applications, appli-high-voltage X-ray equipment, including X-ray tubes. High-
ances, or line frequency pipeline and vessel heating are notvoltage shielded cables are required to be used to connect
covered in this article.high-voltage equipment to X-ray tubes, and the shield is

required to be grounded, as specified in 660.48. FPN: See Article 427, Part V, for line frequency induc-
tion heating of pipelines and vessels.

660.48 Grounding
To prevent spurious radiation caused by induction and dielec-

Non–current-carrying metal parts of X-ray and associated tric heating equipment and to ensure that the frequency
equipment (controls, tables, X-ray tube supports, transformer spectrum is utilized equitably, the Federal Communications
tanks, shielded cables, X-ray tube heads, and so forth) shall
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665.2Article 665 — Induction and Dielectric Heating Equipment

Commission (FCC) has established rules that govern the use The rectifier section converts 3-phase, line frequency
of this type of industrial heating equipment operating above voltage to direct current. The input voltage can be any desired
10 kHz (FCC, 47 CFR 18). voltage—480 volts, 575 volts, and 1150 volts are some

typical voltages. The dc output is filtered with either a large
choke (current-fed inverter) or a filter capacitor (voltage-

665.2 Definitions fed inverter). The output of the rectifier section supplies
energy for the inverter section. The inverter section converts

Induction and dielectric heating are used for ovens, furnaces, the energy stored in the magnetic field of the choke (current-
and industrial equipment where pieces of material are heated fed inverter) or in the electric field of the filter capacitor
by a rapidly alternating magnetic or electric field. For further (voltage-fed inverter) to a variable frequency for the output
information on electric heating systems using an induction circuit. The variable output frequency controls the power
heater or a dielectric heater in ovens and furnaces, see NFPA delivered to the load.
86, Standard for Ovens and Furnaces. The output section consists of a capacitor in parallel

(current fed) or in series (voltage fed) with the coil. BecauseTheory of Operation — Solid-State Converter
the output capacitance and coil inductance have a resonantPower Circuit
frequency, as the output frequency approaches this resonantA solid-state power converter consists of three sections: the
frequency, the power to the load approaches the maximumrectifier section, the inverter section, and the output section,
output. At minimum frequency, the output power is verywhich includes the load coil and is usually located outside
low.the power supply. Exhibit 665.1 is an example of an enclosed

power supply for an induction heating process. There are Induction Heating
two basic types of inverters: voltage fed (Exhibit 665.2) and

Induction heating occurs when an electrically conductivecurrent fed (Exhibit 665.3).
material (the load) is placed in a varying magnetic field.
The magnetic field is generated by a coil (inductor) around
or adjacent to the workpiece to be heated. The varying
magnetic field induces current in the electrically conductive
load. Heat in the load is generated by the resulting I2R losses
in the load. Induction heating can be further subdivided into
heating, melting, and welding.

Induction heating raises the temperature of the load to
some temperature below its melting point, usually for the
purposes of hardening, tempering, annealing, forging, ex-
truding, or rolling. Frequencies used for induction heating
range from about 50 Hz to 500 kHz. Power levels range
from 5 kW to 42,000 kW.

Induction melting raises the temperature of the load to
some temperature above its melting point, so the molten
material can be alloyed, homogenized, and/or poured. Fre-
quencies used for induction melting range from about 50
Hz to 10 kHz. Power levels range from 5 kW to 16,500 kW.

Induction welding is primarily used in the manufacture
of welded pipe and tubing. In this process, a high-frequency
current is passed through an induction coil in the proximity
of the conducting metal surfaces to be joined. By proper
arrangement of the coil and by the addition of ferrite ele-
ments to control the currents induced in the surfaces, selected
portions are heated nearly instantaneously to the forging
temperature. The surfaces are then joined under pressure to
produce a forge weld. Frequencies used for induction weld-
ing range from about 100 kHz to 800 kHz. Power levels
range from 20 kW to 1000 kW. Induction heating (or meltingExhibit 665.1 Enclosed power supply for an induction heating
or welding) of magnetic loads, such as iron or carbon steel,process. (Courtesy of Ajax Tocco Magnethermic, Park Ohio In-

dustries) must contend with the change in magnetic permeability when
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665.2 Article 665 — Induction and Dielectric Heating Equipment

Exhibit 665.2 Schematic of a
half-bridge, voltage-fed in-
verter. (Redrawn courtesy of
Inductotherm Corp.)

ac-dc
rectifier

and filter

Solid-state
dc to ac inverter

Series
resonant
capacitor

Solid-state power converter

Induction heating equipment

Im

Ic

Exhibit 665.3 Schematic of a
full-bridge, current-fed inverter.
(Redrawn courtesy of Radyne
Corp.)

ac-dc
rectifier

and filter

Solid-state
dc to ac
inverter

Parallel
resonant
capacitor

Solid-state power converter

Induction heating equipment

Im

Ic

fiberboard (MDF) industry, welding of plastic materials,the temperature of the load material passes its Curie tempera-
ture (at which point the load changes from the magnetic to the food processing, and many other diverse applications.

At radio frequencies, the material to be heated forms anonmagnetic state). The solid-state converter varies its output
frequency to maintain constant output power through the en- lossy dielectric when placed between metal capacitor plates

connected across the output of the generator. A high-fre-tire range of temperatures of the load. See Exhibit 665.4.
quency alternating electric field is created between the elec-

Dielectric Heating trode plates. The molecules in the dielectric field are made
to vibrate, causing dissipation of energy through the materialDielectric heating equipment is similar to induction heating

equipment, except that it is used to heat nonmetallic materials and frictional heating of the dielectric material.
At higher (microwave) frequencies, the process is simi-as opposed to metals. Typical applications include the drying

of textiles after dyeing, drying of water-based coatings on lar, but the generator is coupled to a resonant cavity into
which the dielectric material is placed.paper, preheating of wood fibers for the medium-density
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665.3Article 665 — Induction and Dielectric Heating Equipment

Breaker Transformer

Current
feedback

dc supply section Inverter section Load section

Tank circuit

Induction
coil & load

Thyristor rectifier 
inductors

HF control

Power control section

Voltage
feedback

MOS-FET bridge
+

–

Weld power input device

Exhibit 665.4 Simplified diagram of a solid-state inverter used for induction welding. (Redrawn
courtesy of Thermatool Corp.)

The frequency of operation of dielectric heating equip- vacuum tubes, inverters using solid state devices, or motor
generator equipment.ment is considerably higher than for induction heating. By

international agreement, these machines operate at the as-
DielectricHeating. Heating of a nominally insulating mate-signed radio frequencies of 13.56 MHz, 27.12 MHz, and
rial due to its own dielectric losses when the material is40.68 MHz or at microwave frequencies of 915 MHz and
placed in a varying electric field.2450 MHz.

All industrial dielectric heating equipment should meet Heating Equipment. As used in this article, any equipment
appropriate U.S. federal regulations for radio frequency (RF) that is used for heating purposes and whose heat is generated
emissions (FCC, 47 CFR 18) and occupational safety by induction or dielectric methods.
(OSHA, 29 CFR 1910.97).

Heating Equipment Applicator. The device used to trans-The majority of installed machines use vacuum tube
fer energy between the output circuit and the object or massgenerators, and powers range from 0.5 kW to 1 MW. Solid-
to be heated.state generators also have been installed, although powers

have been limited to 5 kW or less. Exhibit 665.5 illustrates Induction Heating, Melting, and Welding. The heating,
the components of a vacuum tube generator in a dielectric melting, or welding of a nominally conductive material due
heating process. to its own I2R losses when the material is placed in a varying

electromagnetic field.

Converting Device. That part of the heating equipment that
665.3 Other Articlesconverts input mechanical or electrical energy to the voltage,

current, and frequency suitable for the heating applicator. A Unless specifically amended by this article, wiring from the
source of power to the heating equipment shall comply withconverting device shall consist of equipment using mains

frequency, all static multipliers, oscillator-type units using Chapters 1 through 4.
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665.4 Article 665 — Induction and Dielectric Heating Equipment

L1

L2

L3
Circuit
breaker

Contactor Rectifier Rectifier Rectifier

HT transformer

HT power supply and controls Oscillator Oven

Grid
capacitor Grid coil

Grid 
choke

Grid 
resistors

Triode tube

Tank
circuit

Coupling
coil

Filament
supply

Electrode

Tuning
coil

Product

Exhibit 665.5 Simplified diagram of the components of a vacuum tube generator used for dielectric
heating. (Redrawn courtesy of Strayfield Ltd.)

intended to prevent severe damage to the water-cooled coil,665.4 Hazardous (Classified) Locations
resulting in a water leak and the potential for a water–moltenHeating equipment shall not be installed in hazardous (classi-
metal explosion. If water is trapped under molten metal, thefied) locations as defined in Article 500 unless the equipment
rapid transfer of heat to the water causes the water to turnand wiring are designed and approved for the hazardous
almost instantly into steam. The resulting 1600-to-1 expan-(classified) locations.
sion of the steam results in the ejection of molten metal
from the furnace.665.5 Output Circuit

The output circuit shall include all output components exter-
665.7 Remote Controlnal to the converting device, including contactors, switches,

bus bars, and other conductors. The current flow from the (A) Multiple Control Points Where multiple control
output circuit to ground under operating and ground-fault points are used for applicator energization, a means shall
conditions shall be limited to a value that does not cause be provided and interlocked so that the applicator can be
50 volts or more to ground to appear on any accessible part energized from only one control point at a time. A means
of the heating equipment and its load. The output circuit for de-energizing the applicator shall be provided at each
shall be permitted to be isolated from ground. control point.

(B) Foot Switches Switches operated by foot pressure shall
If the load (the object or mass being heated) accidentally be provided with a shield over the contact button to avoid
comes in contact with the output coil, a voltage to ground accidental closing of a foot switch.
will appear on the load, depending on the various impedances
to ground of the coil and the load. If the voltage on the load 665.10 Ampacity of Supply Conductors
is limited to less than 50 volts, guarding per 110.27(A) is The ampacity of supply conductors shall be determined by
not required. If the coil is isolated from ground and the load 665.10(A) or 665.10(B).
is grounded through an impedance that is low (less than 1

(A) Nameplate Rating The ampacity of conductors sup-percent) relative to the coil impedance to ground, the voltage
plying one or more pieces of equipment shall not be lessof the load to ground will be low no matter where the load
than the sum of the nameplate ratings for the largest groupcontacts the coil.
of machines capable of simultaneous operation, plus 100In induction melting furnaces, an additional reason for
percent of the standby currents of the remaining machines.isolating the coil from ground is to limit the fault current
Where standby currents are not given on the nameplate, thewhen a coil does go to ground. Limiting the fault current is
nameplate rating shall be used as the standby current.
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665.26Article 665 — Induction and Dielectric Heating Equipment

(B) Motor-Generator Equipment The ampacity of supply 665.23 Warning Labels or Signs
conductors for motor generator equipment shall be deter- Warning labels or signs that read ‘‘DANGER — HIGH
mined in accordance with Article 430, Part II. VOLTAGE — KEEP OUT’’ shall be attached to the equip-

ment and shall be plainly visible where persons might come
665.11 Overcurrent Protection in contact with energized parts when doors are open or
Overcurrent protection for the heating equipment shall be closed or when panels are removed from compartments con-
provided as specified in Article 240. This overcurrent protec- taining over 150 volts ac or dc.
tion shall be permitted to be provided separately or as a part
of the equipment. 665.24 Capacitors

The time and means of discharge shall be in accordance665.12 Disconnecting Means
with 460.6 for capacitors rated 600 volts, nominal, and under.

A readily accessible disconnecting means shall be provided The time and means of discharge shall be in accordance
to disconnect each heating equipment from its supply circuit. with 460.28 for capacitors rated over 600 volts, nominal.
The disconnecting means shall be located within sight from Capacitor internal pressure switches connected to a circuit-
the controller or be capable of being locked in the open interrupter device shall be permitted for capacitor overcur-
position. The rating of this disconnecting means shall not rent protection.
be less than the nameplate rating of the heating equipment.
Motor-generator equipment shall comply with Article 430,

It should be noted that it is necessary to provide enhancedPart IX. The supply circuit disconnecting means shall be
protection against rupture of capacitor cases when capacitorspermitted to serve as the heating equipment disconnecting
are operated at the higher frequencies used for inductionmeans where only one heating equipment is supplied.
and dielectric heating. A high-resistance fault condition can
cause case pressure to build up inside the capacitor over aII. Guarding, Grounding, and Labeling
very short time. Capacitor internal pressure switches are the

665.19 Component Interconnection preferred method to detect this type of failure.
Consider a 5000-kVAR, 2500-V, 300-Hz capacitor.The interconnection components required for a complete

Nominal current is 2000 amperes. A ‘‘high-resistance’’ faultheating equipment installation shall be guarded.
of 10 ohms results in 250 amperes of resistive current, or a
total capacitor current of 2016 amperes rms. This small665.20 Enclosures
increase in rms current will not result in the opening of anThe converting device (excluding the component intercon-
overcurrent device even though 625 kW of thermal energynections) shall be completely contained within an enclo-
is being generated inside the capacitor, which is designedsure(s) of noncombustible material.
to dissipate about 1.5 kW of losses.

665.21 Control Panels
All control panels shall be of dead-front construction. 665.25 Dielectric Heating Applicator Shielding

Protective cages or adequate shielding shall be used to guard665.22 Access to Internal Equipment
dielectric heating applicators. Interlock switches shall be

Access doors or detachable access panels shall be employed used on all hinged access doors, sliding panels, or other easy
for internal access to heating equipment. Access doors to means of access to the applicator. All interlock switches
internal compartments containing equipment employing shall be connected in such a manner as to remove all power
voltages from 150 volts to 1000 volts ac or dc shall be from the applicator when any one of the access doors or
capable of being locked closed or shall be interlocked to panels is open.
prevent the supply circuit from being energized while the
door(s) is open. Access doors to internal compartments con-

665.26 Grounding and Bondingtaining equipment employing voltages exceeding 1000 volts
ac or dc shall be provided with a disconnecting means Grounding or inter-unit bonding, or both, shall be used wher-

ever required for circuit operation, for limiting to a safe valueequipped with mechanical lockouts to prevent access while
the heating equipment is energized, or the access doors shall radio frequency voltages between all exposed non–current-

carrying parts of the equipment and earth ground, betweenbe capable of being locked closed and interlocked to prevent
the supply circuit from being energized while the door(s) is all equipment parts and surrounding objects, and between

such objects and earth ground. Such grounding and bondingopen. Detachable panels not normally used for access to
such parts shall be fastened in a manner that makes them shall be installed in accordance with Article 250, Parts II

and V.inconvenient to remove.
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665.27 Article 668 — Electrolytic Cells

Because of stray currents flowing between units of the equip- 668.12 Cell Line Conductors
ment or to the ground, bonding presents special problems (A) Insulation and Material
at radio frequencies. Special bonding requirements are par- (B) Size
ticularly needed at dielectric heating frequencies (100 to 200 (C) Connections
MHz) because of the differences in radio frequency potential 668.13 Disconnecting Means
that can exist between the equipment and surrounding metal (A) More Than One Process Power Supply
units or other units of the installation. Satisfactory bonding (B) Removable Links or Conductors
can be accomplished by placing all units of the equipment 668.14 Shunting Means
on a flooring or base consisting of a copper or aluminum (A) Partial or Total Shunting
sheet and then thoroughly bonding by soldering, welding, (B) Shunting One or More Cells
or bolting. 668.15 Grounding

Such special bonding holds the radio frequency resis- 668.20 Portable Electrical Equipment
tance and reactance between units to a minimum, and any (A) Portable Electrical Equipment Not to Be Grounded

(B) Isolating Transformersstray circulating currents flowing through the bonding will
(C) Markingnot cause a dangerous voltage drop.

668.21 Power Supply Circuits and Receptacles for PortableIt is necessary to protect the operator from high radio
Electrical Equipmentfrequency potentials by shielding at dielectric heating fre-

(A) Isolated Circuitsquencies. Interference with radio communications systems
(B) Noninterchangeabilityat such high frequencies can be eliminated by totally enclos-
(C) Markinging all components in a shielding of copper or aluminum.

668.30 Fixed and Portable Electrical Equipment
(A) Electrical Equipment Not Required to Be Grounded

FPN: Under certain conditions, contact between the ob- (B) Exposed Conductive Surfaces Not Required to Be
ject being heated and the applicator results in an unsafe Grounded
condition, such as eruption of heated materials. This un- (C) Wiring Methodssafe condition may be prevented by grounding of the

(D) Circuit Protectionobject being heated and ground detection.
(E) Bonding

668.31 Auxiliary Nonelectric Connections665.27 Marking
668.32 Cranes and HoistsEach heating equipment shall be provided with a nameplate

(A) Conductive Surfaces to Be Insulated from Groundgiving the manufacturer’s name and model identification and
(B) Hazardous Electrical Conditionsthe following input data: line volts, frequency, number of

668.40 Enclosures
phases, maximum current, full-load kilovolt-amperes (kVA),
and full-load power factor. Additional data shall be permitted.

668.1 Scope
The provisions of this article apply to the installation of theARTICLE 668 electrical components and accessory equipment of electro-
lytic cells, electrolytic cell lines, and process power supplyElectrolytic Cells
for the production of aluminum, cadmium, chlorine, copper,
fluorine, hydrogen peroxide, magnesium, sodium, sodium

Contents chlorate, and zinc.
668.1 Scope Not covered by this article are cells used as a source
668.2 Definitions of electric energy and for electroplating processes and cells
668.3 Other Articles used for the production of hydrogen.

(A) Lighting, Ventilating, Material Handling FPN No. 1: In general, any cell line or group of cell
(B) Systems Not Electrically Connected lines operated as a unit for the production of a particular
(C) Electrolytic Cell Lines metal, gas, or chemical compound may differ from any

other cell lines producing the same product because of668.10 Cell Line Working Zone
variations in the particular raw materials used, output(A) Area Covered
capacity, use of proprietary methods or process practices,(B) Area Not Covered or other modifying factors to the extent that detailed

668.11 Direct-Current Cell Line Process Power Supply Code requirements become overly restrictive and do not
(A) Not Grounded accomplish the stated purpose of this Code.
(B) Metal Enclosures Grounded FPN No. 2: For further information, see IEEE 463-1993,

Standard for Electrical Safety Practices in Electrolytic(C) Grounding Requirements
Cell Line Working Zones.
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668.3Article 668 — Electrolytic Cells

ways; pumps, positioning equipment, and cell cutout orWithin a cell line working zone, both an electrolytic cell
bypass electrical devices. Auxiliary equipment includesline and its dc process power supply circuit are treated as
tools, welding machines, crucibles, and other portable equip-an individual machine supplied from a single source, even
ment used for operation and maintenance within the electro-though they might cover acres of space, have a load current
lytic cell line working zone.in excess of 400,000 amperes dc, or have a circuit voltage

In the cell line working zone, auxiliary equipment in-in excess of 1000 volts dc. The cell line process current
cludes the exposed conductive surfaces of ungroundedpasses through each cell in a series connection, and the load
cranes and crane-mounted cell-servicing equipment.current cannot be subdivided, as it can in the heating circuit

of a resistance-type electric furnace. Because a cell line is Electrically Connected. A connection capable of carrying
supplied by its individual dc rectifier system, the rectifier current as distinguished from connection through electro-
or the entire cell line circuit is de-energized by removing magnetic induction.
its source of primary power.

Electrolytic Cell. A tank or vat in which electrochemicalIn some electrolytic cell systems, the terminal voltage
reactions are caused by applying electrical energy for theof the process supply can be appreciable. The voltage to
purpose of refining or producing usable materials.ground of exposed live parts from one end of a cell line to the

other is variable between the limits of the terminal voltage. Electrolytic Cell Line Working Zone. The space envelope
Hence, operating and maintenance personnel and their tools wherein operation or maintenance is normally performed on
are required to be insulated from ground. See Exhibit 668.1 or in the vicinity of exposed energized surfaces of electrolytic
for an example of a pot room in an aluminum reduction cell lines or their attachments.
plant.

668.3 Other Articles
668.2 Definitions (A) Lighting, Ventilating, Material Handling Chapters 1

through 4 shall apply to services, feeders, branch circuits,Cell Line. An assembly of electrically interconnected elec-
and apparatus for supplying lighting, ventilating, materialtrolytic cells supplied by a source of direct-current power.
handling, and the like that are outside the electrolytic cell

Cell Line Attachments and Auxiliary Equipment. As ap- line working zone.
plied to this article, a term that includes, but is not limited
to, auxiliary tanks; process piping; ductwork; structural sup- (B) Systems Not Electrically Connected Those elements

of a cell line power-supply system that are not electricallyports; exposed cell line conductors; conduits and other race-

Exhibit 668.1 A typical pot
room in an aluminum reduction
plant. (Courtesy of Alcoa Inc.)
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668.10 Article 668 — Electrolytic Cells

(B) Metal Enclosures Grounded All metal enclosures ofconnected to the cell supply system, such as the primary
winding of a two-winding transformer, the motor of a motor- dc cell line process power-supply apparatus operating at a

power-supply potential between terminals of over 50 voltsgenerator set, feeders, branch circuits, disconnecting means,
motor controllers, and overload protective equipment, shall shall be grounded by either of the following means:
be required to comply with all applicable provisions of this

(1) Through protective relaying equipment
Code.

(2) By a minimum 2/0 AWG copper grounding conductor
or a conductor of equal or greater conductance(C) Electrolytic Cell Lines Electrolytic cell lines shall

comply with the provisions of Chapters 1, 2, 3, and 4 except (C) Grounding Requirements The grounding connec-
as amended in 668.3(C)(1), (C)(2), (C)(3), or (C)(4).

tions required by 668.11(B) shall be installed in accordance
with 250.8, 250.10, 250.12, 250.68, and 250.70.(1) Conductors The electrolytic cell line conductors shall

not be required to comply with the provisions of Articles
668.12 Cell Line Conductors110, 210, 215, 220, and 225. See 668.11.
(A) Insulation and Material Cell line conductors shall be

(2) Overcurrent Protection Overcurrent protection of either bare, covered, or insulated and of copper, aluminum,
electrolytic cell dc process power circuits shall not be re- copper-clad aluminum, steel, or other suitable material.
quired to comply with the requirements of Article 240.

(B) Size Cell line conductors shall be of such cross-sec-
(3) Grounding Equipment located or used within the elec- tional area that the temperature rise under maximum load
trolytic cell line working zone or associated with the cell conditions and at maximum ambient shall not exceed the
line dc power circuits shall not be required to comply with safe operating temperature of the conductor insulation or
the provisions of Article 250. the material of the conductor supports.

(4) Working Zone The electrolytic cells, cell line attach- (C) Connections Cell line conductors shall be joined by
ments, and the wiring of auxiliary equipment and devices bolted, welded, clamped, or compression connectors.
within the cell line working zone shall not be required to
comply with the provisions of Articles 110, 210, 215, 220, 668.13 Disconnecting Means
and 225. See 668.30.

(A) More Than One Process Power Supply Where more
than one dc cell line process power supply serves the sameFPN: See 668.15 for equipment, apparatus, and struc-

tural component grounding. cell line, a disconnecting means shall be provided on the
cell line circuit side of each power supply to disconnect it

668.10 Cell Line Working Zone from the cell line circuit.

(A) Area Covered The space envelope of the cell line (B) Removable Links or Conductors Removable links or
working zone shall encompass spaces that meet any of the removable conductors shall be permitted to be used as the
following conditions: disconnecting means.
(1) Is within 2.5 m (96 in.) above energized surfaces of

668.14 Shunting Meanselectrolytic cell lines or their energized attachments
(2) Is below energized surfaces of electrolytic cell lines or (A) Partial or Total Shunting Partial or total shunting of

their energized attachments, provided the headroom in cell line circuit current around one or more cells shall be
the space beneath is less than 2.5 m (96 in.) permitted.

(3) Is within 1.0 m (42 in.) horizontally from energized
(B) ShuntingOneorMoreCells Theconductors, switches,surfaces of electrolytic cell lines or their energized at-
or combination of conductors and switches used for shuntingtachments or from the space envelope described in
one or more cells shall comply with the applicable require-668.10(A)(1) or (A)(2)
ments of 668.12.

(B) Area Not Covered The cell line working zone shall
not be required to extend through or beyond walls, floors, 668.15 Grounding
roofs, partitions, barriers, or the like. For equipment, apparatus, and structural components that

are required to be grounded by provisions of Article 668,
668.11 Direct-Current Cell Line Process the provisions of Article 250 shall apply, except a water
Power Supply pipe electrode shall not be required to be used. Any electrode

or combination of electrodes described in 250.52 shall be(A) Not Grounded The dc cell line process power-supply
conductors shall not be required to be grounded. permitted.
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668.32Article 668 — Electrolytic Cells

electrical equipment within the cell line working zone shall668.20 Portable Electrical Equipment
not be required to be grounded.(A) Portable Electrical Equipment Not to Be Grounded

The frames and enclosures of portable electrical equipment (B) Exposed Conductive Surfaces Not Required to Be
used within the cell line working zone shall not be grounded. Grounded Exposed conductive surfaces, such as electrical

equipment housings, cabinets, boxes, motors, raceways, andException No. 1: Where the cell line voltage does not exceed
the like, that are within the cell line working zone shall not200 volts dc, these frames and enclosures shall be permitted
be required to be grounded.to be grounded.

Exception No. 2: These frames and enclosures shall be per- (C) Wiring Methods Auxiliary electrical equipment such
mitted to be grounded where guarded. as motors, transducers, sensors, control devices, and alarms,

mounted on an electrolytic cell or other energized surface,(B) Isolating Transformers Electrically powered, hand-
shall be connected to premises wiring systems by any of theheld, cord-connected portable equipment with ungrounded
following means:frames or enclosures used within the cell line working zone

shall be connected to receptacle circuits that have only un- (1) Multiconductor hard usage cord.
grounded conductors such as a branch circuit supplied by (2) Wire or cable in suitable raceways or metal or nonmetal-
an isolating transformer with an ungrounded secondary. lic cable trays. If metal conduit, cable tray, armored

cable, or similar metallic systems are used, they shall
(C) Marking Ungrounded portable electrical equipment

be installed with insulating breaks such that they do not
shall be distinctively marked and shall employ plugs and

cause a potentially hazardous electrical condition.
receptacles of a configuration that prevents connection of
this equipment to grounding receptacles and that prevents (D) Circuit Protection Circuit protection shall not be re-
inadvertent interchange of ungrounded and grounded porta- quired for control and instrumentation that are totally within
ble electrical equipments. the cell line working zone.

(E) Bonding Bonding of fixed electrical equipment to the668.21 Power Supply Circuits and Receptacles
energized conductive surfaces of the cell line, its attach-for Portable Electrical Equipment
ments, or auxiliaries shall be permitted. Where fixed electri-(A) Isolated Circuits Circuits supplying power to un-
cal equipment is mounted on an energized conductivegrounded receptacles for hand-held, cord-connected equip-
surface, it shall be bonded to that surface.ments shall be electrically isolated from any distribution

system supplying areas other than the cell line working zone
668.31 Auxiliary Nonelectric Connectionsand shall be ungrounded. Power for these circuits shall be

supplied through isolating transformers. Primaries of such Auxiliary nonelectric connections, such as air hoses, water
transformers shall operate at not more than 600 volts between hoses, and the like, to an electrolytic cell, its attachments, or
conductors and shall be provided with proper overcurrent auxiliary equipments shall not have continuous conductive
protection. The secondary voltage of such transformers shall reinforcing wire, armor, braids, and the like. Hoses shall be
not exceed 300 volts between conductors, and all circuits of a nonconductive material.
supplied from such secondaries shall be ungrounded and
shall have an approved overcurrent device of proper rating 668.32 Cranes and Hoists
in each conductor.

(A) Conductive Surfaces to Be Insulated from Ground
The conductive surfaces of cranes and hoists that enter the(B) Noninterchangeability Receptacles and their mating
cell line working zone shall not be required to be grounded.plugs for ungrounded equipment shall not have provision
The portion of an overhead crane or hoist that contacts anfor a grounding conductor and shall be of a configuration that
energized electrolytic cell or energized attachments shall beprevents their use for equipment required to be grounded.
insulated from ground.

(C) Marking Receptacles on circuits supplied by an isolat-
(B) Hazardous Electrical Conditions Remote crane oring transformer with an ungrounded secondary shall be a
hoist controls that could introduce hazardous electrical con-distinctive configuration, distinctively marked, and shall not
ditions into the cell line working zone shall employ one orbe used in any other location in the plant.
more of the following systems:

668.30 Fixed and Portable Electrical Equipment (1) Isolated and ungrounded control circuit in accordance
with 668.21(A)(A) Electrical Equipment Not Required to Be Grounded

Alternating-current systems supplying fixed and portable (2) Nonconductive rope operator
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668.40 Article 670 — Industrial Machinery

(3) Pendant pushbutton with nonconductive supporting cent of the total connected load. The ampacities for busbars
shall be in accordance with 366.10.means and having nonconductive surfaces or un-

grounded exposed conductive surfaces
(4) Radio 669.6 Wiring Methods

Conductors connecting the electrolyte tank equipment to the668.40 Enclosures
conversion equipment shall be in accordance with 669.6(A)

General-purpose electrical equipment enclosures shall be and 669.6(B).
permitted where a natural draft ventilation system prevents
the accumulation of gases. (A) Systems Not Exceeding 50 Volts Direct Current In-

sulated conductors shall be permitted to be run without
insulated support, provided they are protected from physicalARTICLE 669
damage. Bare copper or aluminum conductors shall be per-

Electroplating mitted where supported on insulators.

(B) Systems Exceeding 50 Volts Direct Current Insulated
Contents conductors shall be permitted to be run on insulated supports,
669.1 Scope provided they are protected from physical damage. Bare
669.3 General copper or aluminum conductors shall be permitted where
669.5 Branch-Circuit Conductors supported on insulators and guarded against accidental con-
669.6 Wiring Methods tact up to the point of termination in accordance with 110.27.

(A) Systems Not Exceeding 50 Volts Direct Current
(B) Systems Exceeding 50 Volts Direct Current 669.7 Warning Signs

669.7 Warning Signs Warning signs shall be posted to indicate the presence of
669.8 Disconnecting Means bare conductors.

(A) More Than One Power Supply
(B) Removable Links or Conductors 669.8 Disconnecting Means

669.9 Overcurrent Protection
(A) More Than One Power Supply Where more than one
power supply serves the same dc system, a disconnecting

669.1 Scope means shall be provided on the dc side of each power supply.
The provisions of this article apply to the installation of the

(B) Removable Links or Conductors Removable links orelectrical components and accessory equipment that supply
removable conductors shall be permitted to be used as thethe power and controls for electroplating, anodizing, electro-
disconnecting means.polishing, and electrostripping. For purposes of this article,

the term electroplating shall be used to identify any or all
669.9 Overcurrent Protectionof these processes.
Direct-current conductors shall be protected from overcur-
rent by one or more of the following:Because of the extremely high currents and low voltages

normally involved, conventional wiring methods cannot be (1) Fuses or circuit breakers
used in electroplating, anodizing, electropolishing, and elec- (2) A current-sensing device that operates a disconnecting
trostripping processes. Note the permission in 669.6(A) and means
669.6(B) to use bare conductors, even in systems exceeding (3) Other approved means
50 volts dc. Some systems in the aluminum anodizing pro-
cess have potentials up to 240 volts. Warning signs are
required to be posted to indicate the presence of bare conduc- ARTICLE 670
tors.

Industrial Machinery
669.3 General

Summary of ChangesEquipment for use in electroplating processes shall be identi-
fied for such service. • 670.3(A):Reorganized text into a numbered list and added

requirement to provide the short-circuit current rating for669.5 Branch-Circuit Conductors
the control panel or control assembly on the machine

Branch-circuit conductors supplying one or more units of nameplate.
equipment shall have an ampacity of not less than 125 per-
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670.3Article 670 — Industrial Machinery

12.5.1.1 in the 2002 edition of NFPA 79, Electrical Standard
• 670.4: Placed requirements for machine disconnecting for Industrial Machinery, contains working clearance re-

means in separate paragraph (B) and re-identified machine quirements for the equipment covered in the scope of that
supply circuit overcurrent protection requirements as para- standard, and working space about equipment covered in
graph (C). the scope of the NEC is specified in 110.26.

670.2 Definitions
Contents

Exhibit 670.1 shows an example of an industrial machine.
670.1 Scope

The scope of Article 670, described in 670.1, and the defini-
670.2 Definitions

tions contained in 670.2 permit the inclusion of other types
670.3 Machine Nameplate Data

of industrial machines without the need to continuously
(A) Permanent Nameplate

modify the scope of Article 670 and NFPA 79, Electrical
(B) Overcurrent Protection

Standard for Industrial Machinery. Also, the scope and
670.4 Supply Conductors and Overcurrent Protection

definitions are more in harmony with NFPA 79 and IEC
(A) Size

60204-1, Safety of Machinery — Electrical Equipment of
(B) Disconnecting Means

Machines — Part 1: General Requirements.
(C) Overcurrent Protection

Industrial Machinery (Machine). A power-driven ma-
670.1 Scope chine (or a group of machines working together in a coordi-

nated manner), not portable by hand while working, thatThis article covers the definition of, the nameplate data for,
is used to process material by cutting; forming; pressure;and the size and overcurrent protection of supply conductors
electrical, thermal, or optical techniques; lamination; or ato industrial machinery.
combination of these processes. It can include associated

FPN: For information on the workspace requirements equipment used to transfer material or tooling, including
for equipment containing supply conductor terminals, see fixtures, to assemble/disassemble, to inspect or test, or to110.26. For information on the workspace requirements

package. [The associated electrical equipment, including thefor machine power and control equipment, see NFPA
logic controller(s) and associated software or logic together79–2002, Electrical Standard for Industrial Machinery.
with the machine actuators and sensors, are considered as
part of the industrial machine.]An important point concerning the revised fine print note
Industrial Manufacturing System. A systematic array ofis to recognize that 670.5, which covered working clearances
one or more industrial machines that is not portable by handunique to industrial machinery in previous editions of the
and includes any associated material handling, manipulating,Code, does not appear in the 2005Code. The requirements of
gauging, measuring, or inspection equipment.670.5 amended those of 110.26 and under specific conditions

permitted a reduction in the minimum amount of working 670.3 Machine Nameplate Data
clearance needed about energized parts of industrial machin-

(A) Permanent Nameplate A permanent nameplate shallery. This rule is no longer necessary in the NEC because
be attached to the control equipment enclosure or machine

Exhibit 670.1 All-electric in-
jection molding machine with
Programmable Control-
ler–based control. (Photo-
graph courtesy of Milacron)
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670.4 Article 670 — Industrial Machinery

operating characteristics of an industrial machine may permitand shall be plainly visible after installation. The nameplate
shall include the following information: the use of a feeder demand factor, as covered in 430.26. An

industrial machine containing motors sized for high torque(1) Supply voltage, phase, frequency, and full-load current
but in normal operation run at close to no-load current values(2) Maximum ampere rating of the short-circuit and ground-
is an example of where it may be appropriate to reduce thefault protective device
full-load current marking on the machine nameplate.(3) Ampere rating of largest motor, from the motor name-

plate, or load
FPN: See 430.22(E) and 430.26 for duty cycle(4) Short circuit current rating of the machine industrial
requirements.control panel based on one of the following:

(B) Overcurrent Protection Where overcurrent protectiona. Short circuit current rating of a listed and labeled
machine control enclosure or assembly is provided in accordance with 670.4(B), the machine shall

be marked ‘‘overcurrent protection provided at machine sup-b. Short circuit current rating established utilizing an
approved method ply terminals.’’

FPN: UL 508A-2001, Supplement SB, is an example of 670.4 Supply Conductors and Overcurrent
an approved method. Protection

(5) Electrical diagram number(s) or the number of the index (A) Size The size of the supply conductor shall be such as
to the electrical drawings to have an ampacity not less than 125 percent of the full-

load current rating of all resistance heating loads plus 125
The full-load current shown on the nameplate shall not

percent of the full-load current rating of the highest rated
be less than the sum of the full-load currents required for

motor plus the sum of the full-load current ratings of all
all motors and other equipment that may be in operation at

other connected motors and apparatus based on their duty
the same time under normal conditions of use. Where un-

cycle that may be in operation at the same time.
usual type loads, duty cycles, and so forth require oversized
conductors or permit reduced-size conductors, the required

In conjunction with the revision to 670.3, the requirementscapacity shall be included in the marked ‘‘full-load current.’’
for determining the minimum ampacity of a supply circuitWhere more than one incoming supply circuit is to be pro-
conductor for an industrial machine now specifically refer-vided, the nameplate shall state the preceding information
ence the duty cycle of motors and apparatus as a consider-for each circuit.
ation. Depending on the operating characteristics of the
motor, the duty cycle of the apparatus might not always

To better convey the types of information required on the
result in reduction of the supply conductor ampacity. Where

nameplate of an industrial machine, the first paragraph of
motors are used in other than a continuous-duty mode of

670.3(A) has been reorganized into a list describing the
operation, Table 430.22(E) provides percentages by which

required information that must be included on the nameplate
the full-load current (FLC) of a given motor is increased or

of an industrial machine. In addition, the required short-
decreased for the purpose of sizing motor circuit conductors.

circuit current nameplate information has been revised to
A motor that is loaded continuously under any conditions

clarify what part of the industrial machine the marking ap-
of use is regarded to be a continuous-duty application.

plies to and how the short-circuit current rating is to be
determined. The nameplate information must now provide

FPN No. 1: See the 0–2000-volt ampacity tables of Arti-the short-circuit current rating of the machine’s industrial
cle 310 for ampacity of conductors rated 600 volts andcontrol panel. That rating is established either by the rating
below.

determined as part of the listing of the control enclosure or
FPN No. 2: See 430.22(E) and 430.26 for duty cycle

assembly or, for assemblies that are not listed, by an ap- requirements.
proved method of determining the short-circuit current

(B) Disconnecting Means A machine shall be consideredrating.
as an individual unit and therefore shall be provided withBased on theNEC definition of approved, such a method
disconnecting means. The disconnecting means shall be per-is one that is acceptable to the authority having jurisdiction.
mitted to be supplied by branch circuits protected by eitherIn the absence of product listing, Supplement SB to UL
fuses or circuit breakers. The disconnecting means shall not508A, Standard for Industrial Control Panels, is referred to
be required to incorporate overcurrent protection.as one example of a method for determining the short-circuit

current rating of a control panel or assembly that could be
used as a basis for equipment approval. NFPA 79, Electrical Standard for Industrial Machinery,

states, in part:The second paragraph of 670.3(A) recognizes that the
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670.4Article 675 — Electrically Driven or Controlled Irrigation Machines

An operating handle of the disconnecting means shall protector shall be assumed to have a rating not exceeding the
. . . be readily accessible . . . The center of the grip of maximum percentage of motor full-load current permitted by
the operating handle of the disconnecting means, when Table 430.52 for the type of machine supply circuit protective
in its highest position, shall be not more than 2.0 m (6 device employed.
ft 7 in.) above the floor. A permanent operating platform,
readily accessible by means of a permanent stair or ladder, Where no branch-circuit short-circuit and ground-fault
shall be considered as the floor for the purpose of this protective device is provided with the machine, the rating
requirement. . . . The operating handle shall be capable or setting of the overcurrent protective device shall be based
of being locked only in the open (off) position. . . .

on 430.52 and 430.53, as applicable.[NFPA 79-2002, 5.3.3 and 5.3.4]

ARTICLE 675(C) Overcurrent Protection Where furnished as part of
Electrically Driven or Controlledthe machine, overcurrent protection for each supply circuit

shall consist of a single circuit breaker or set of fuses, the Irrigation Machines
machine shall bear the marking required in 670.3 and the
supply conductors shall be considered either as feeders or

Summary of Changestaps as covered by 240.21.
• 675.8(A)(2) and (B): Added exceptions permitting use

of listed molded case switches as main controller and asA commonly asked question is, ‘‘When does the NEC apply
main disconnecting means.to wiring for machinery defined in Article 670?’’ The equip-

ment and wiring of industrial machinery, for which different
component parts may be purchased and assembled at the
location of use, must be installed in accordance with the

Contentsapplicable articles in the NEC.
I. GeneralMachinery assembled by the manufacturer, in accor-

675.1 Scopedance with NFPA 79, Electrical Standard for Industrial
675.2 DefinitionsMachinery, then disassembled for shipping and reassembled
675.3 Other Articlesat its place of use, comes only under Article 670 and any
675.4 Irrigation CableNEC sections referenced therein. In this case, the machinery

(A) Constructionis treated as a package unit. The nameplate provides the
(B) Alternate Wiring Methodsnecessary information to size the branch-circuit conductors,
(C) Supportsdisconnecting means, and overcurrent protection. The com-
(D) Fittingsputation of motor and nonmotor loads is reflected on the

675.5 More Than Three Conductors in a Raceway ornameplate as full-load amperes, and no further calculation
Cableis necessary.

675.6 Marking on Main Control Panel
675.7 Equivalent Current Ratings

(A) Continuous-Current RatingThe rating or setting of the overcurrent protective device
(B) Locked-Rotor Currentfor the circuit supplying the machine shall not be greater

675.8 Disconnecting Meansthan the sum of the largest rating or setting of the branch-
(A) Main Controllercircuit short-circuit and ground-fault protective device pro-
(B) Main Disconnecting Meansvided with the machine, plus 125 percent of the full-load
(C) Disconnecting Means for Individual Motors andcurrent rating of all resistance heating loads, plus the sum

Controllersof the full-load currents of all other motors and apparatus
675.9 Branch-Circuit Conductorsthat could be in operation at the same time.

675.10 Several Motors on One Branch Circuit
Exception: Where one or more instantaneous trip circuit (A) Protection Required
breakers or motor short-circuit protectors are used for motor (B) Individual Protection Not Required
branch-circuit short-circuit and ground-fault protection as 675.11 Collector Rings
permitted by 430.52(C), the procedure specified above for (A) Transmitting Current for Power Purposes
determining the maximum rating of the protective device (B) Control and Signal Purposes
for the circuit supplying the machine shall apply with the (C) Grounding
following provision: For the purpose of the calculation, (D) Protection
each instantaneous trip circuit breaker or motor short-circuit
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675.1 Article 675 — Electrically Driven or Controlled Irrigation Machines

flame-resistant nonmetallic material overlaid with a metallic
675.12 Grounding covering and jacketed with a moisture-, corrosion-, and
675.13 Methods of Grounding sunlight-resistant nonmetallic material.
675.14 Bonding The conductor insulation shall be of a type listed in
675.15 Lightning Protection Table 310.13 for an operating temperature of 75�C (167�F)
675.16 Energy from More Than One Source and for use in wet locations. The core insulating material
675.17 Connectors thickness shall not be less than 0.76 mm (30 mils), and the

II. Center Pivot Irrigation Machines metallic overlay thickness shall not be less than 0.20 mm
675.21 General (8 mils). The jacketing material thickness shall not be less
675.22 Equivalent Current Ratings than 1.27 mm (50 mils).

(A) Continuous-Current Rating A composite of power, control, and grounding conduc-
(B) Locked-Rotor Current tors in the cable shall be permitted.

(B) Alternate Wiring Methods Installation of other listed
I. General cables complying with the construction requirements of

675.4(A) shall be permitted.675.1 Scope
The provisions of this article apply to electrically driven or (C) Supports Irrigation cable shall be secured by straps,
controlled irrigation machines, and to the branch circuits hangers, or similar fittings identified for the purpose and so
and controllers for such equipment. installed as not to damage the cable. Cable shall be supported

at intervals not exceeding 1.2 m (4 ft).
Electric pump motors used to supply water to irrigation

(D) Fittings Fittings shall be used at all points where irriga-machines are governed by the general requirements of the
tion cable terminates. The fittings shall be designed for useNEC, not by Article 675.
with the cable and shall be suitable for the conditions of
service.

675.2 Definitions
675.5 More Than Three Conductors in aCenter Pivot Irrigation Machine. A multimotored irriga-
Raceway or Cabletion machine that revolves around a central pivot and em-

ploys alignment switches or similar devices to control The signal and control conductors of a raceway or cable shall
individual motors. not be counted for the purpose of derating the conductors as

required in 310.15(B)(2)(a).Collector Rings. An assembly of slip rings for transferring
electrical energy from a stationary to a rotating member.

675.6 Marking on Main Control Panel
Irrigation Machine. An electrically driven or controlled

The main control panel shall be provided with a nameplate
machine, with one or more motors, not hand portable, and

that shall give the following information:
used primarily to transport and distribute water for agricul-

(1) The manufacturer’s name, the rated voltage, the phase,
tural purposes.

and the frequency
(2) The current rating of the machine

675.3 Other Articles
(3) The rating of the main disconnecting means and size

These provisions are in addition to, or amendatory of, the of overcurrent protection required
provisions of Article 430 and other articles in this Code that
apply except as modified in this article. 675.7 Equivalent Current Ratings

Where intermittent duty is not involved, the provisions of
The requirements of Article 675 apply to special equipment Article 430 shall be used for determining ratings for control-
for a particular condition; they supplement or modify the lers, disconnecting means, conductors, and the like. Where
general rules. See 90.3, Code Arrangement. irrigation machines have inherent intermittent duty, the de-

terminations of equivalent current ratings in 675.7(A) and
675.7(B) shall be used.675.4 Irrigation Cable
(A) Continuous-Current Rating The equivalent continu-(A) Construction The cable used to interconnect enclo-

sures on the structure of an irrigation machine shall be an ous-current rating for the selection of branch-circuit conduc-
tors and overcurrent protection shall be equal to 125 percentassembly of stranded, insulated conductors with nonhygro-

scopic and nonwicking filler in a core of moisture- and of the motor nameplate full-load current rating of the largest
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675.11Article 675 — Electrically Driven or Controlled Irrigation Machines

motor, plus a quantity equal to the sum of each of the motor Exception No. 2: A listed fusible molded case switch without
marked horsepower ratings shall be permitted.nameplate full-load current ratings of all remaining motors

on the circuit, multiplied by the maximum percent duty cycle
(C) Disconnecting Means for Individual Motors andat which they can continuously operate.
Controllers A disconnecting means shall be provided to
simultaneously disconnect all ungrounded conductors for(B) Locked-Rotor Current The equivalent locked-rotor
each motor and controller and shall be located as requiredcurrent rating shall be equal to the numerical sum of the
by Article 430, Part IX. The disconnecting means shall notlocked-rotor current of the two largest motors plus 100 per-
be required to be readily accessible.cent of the sum of the motor nameplate full-load current

ratings of all the remaining motors on the circuit.
Article 430, Part IX, provides for safety during maintenance
and inspection shutdown periods. See the commentary fol-675.8 Disconnecting Means
lowing 430.103.(A) Main Controller A controller that is used to start and

stop the complete machine shall meet all of the following
requirements: 675.9 Branch-Circuit Conductors

The branch-circuit conductors shall have an ampacity not(1) An equivalent continuous current rating not less than
less than specified in 675.7(A) or 675.22(A).specified in 675.7(A) or 675.22(A)

(2) A horsepower rating not less than the value from Tables
675.10 Several Motors on One Branch Circuit430.251(A) and 430.251(B), based on the equivalent

locked-rotor current specified in 675.7(B) or 675.22(B)

Exception: A listed molded case switch shall not require a The requirements of 430.53 provide for motor branch-circuit
horsepower rating. short-circuit and ground-fault protection where several mo-

tors are supplied by one branch circuit. A combination of
these requirements, which are modified for this specialA molded case switch used as a motor controller is not
equipment application, is found in 675.10.required to have a horsepower rating, but it is required to

have a continuous current (ampere) rating not less than that
specified by 675.7(A) or 675.22(A).

(A) Protection Required Several motors, each not ex-
ceeding 2 hp rating, shall be permitted to be used on an
irrigation machine circuit protected at not more than 30(B) Main Disconnecting Means The main disconnecting
amperes at 600 volts, nominal, or less, provided all of themeans for the machine shall provide overcurrent protection,
following conditions are met:shall be at the point of connection of electrical power to the

machine or shall be visible and not more than 15 m (50 ft) (1) The full-load rating of any motor in the circuit shall not
from the machine, and shall be readily accessible and capable exceed 6 amperes.
of being locked in the open position. This disconnecting (2) Each motor in the circuit shall have individual overload
means shall have a horsepower and current rating not less protection in accordance with 430.32.
than required for the main controller. (3) Taps to individual motors shall not be smaller than 14

AWG copper and not more than 7.5 m (25 ft) in length.

In accordance with 675.8(B), the main disconnecting means (B) IndividualProtectionNotRequired Individual branch-
is permitted to be up to 50 ft from the machine but must be

circuit short-circuit protection for motors and motor control-
readily accessible and capable of being locked in the open

lers shall not be required where the requirements of
position. This eliminates one set of overcurrent protective

675.10(A) are met.
devices and one disconnecting means where the circuit origi-
nates at the motor control panel for the irrigation pump and 675.11 Collector Rings
the panel is located within 50 ft of the center pivot machine.

(A) Transmitting Current for Power Purposes CollectorIt also alleviates some potential problems with machines
rings shall have a current rating not less than 125 percentdesigned to be towed to a second site.
of the full-load current of the largest device served plus the
full-load current of all other devices served, or as determined
from 675.7(A) or 675.22(A).

Exception No. 1: Circuit breakers without marked horse-
power ratings shall be permitted in accordance with (B) Control and Signal Purposes Collector rings for con-

trol and signal purposes shall have a current rating not less430.109.
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675.12 Article 675 — Electrically Driven or Controlled Irrigation Machines

than 125 percent of the full-load current of the largest device Where the electrical power supply to irrigation machine
served plus the full-load current of all other devices served. equipment is a service, the requirements of Article 250 for

grounding the system and equipment are applicable. Due to
(C) Grounding The collector ring used for grounding shall the physical location of irrigation equipment, the most likely
have a current rating not less than that sized in accordance grounding electrode of the types covered in 250.52 is a
with 675.11(A). driven ground rod or ground plate. Consideration should be

given to the requirements of 250.60 and NFPA 780, Standard(D) Protection Collector rings shall be protected from the
for the Installation of Lightning Protection Systems, in areasexpected environment and from accidental contact by means
where lightning protection is critical. A common electrodeof a suitable enclosure.
system is not permitted to be used for the dual function of
grounding the electric service and grounding the lightning

675.12 Grounding protection system. The separate electrode systems are re-
The following equipment shall be grounded: quired to be bonded together.

(1) All electrical equipment on the irrigation machine
(2) All electrical equipment associated with the irrigation 675.16 Energy from More Than One Source

machine Equipment within an enclosure receiving electrical energy
(3) Metal junction boxes and enclosures from more than one source shall not be required to have a
(4) Control panels or control equipment that supplies or disconnecting means for the additional source, provided that

controls electrical equipment to the irrigation machine its voltage is 30 volts or less and it meets the requirements
of Part III of Article 725.Exception: Grounding shall not be required on machines

where all of the following provisions are met:
675.17 Connectors

(a) The machine is electrically controlled but not elec- External plugs and connectors on the equipment shall be of
trically driven. the weatherproof type.

(b) The control voltage is 30 volts or less. Unless provided solely for the connection of circuits
meeting the requirements of Part III of Article 725, external(c) The control or signal circuits are current limited as
plugs and connectors shall be constructed as specified inspecified in Chapter 9, Tables 11(A) and 11(B).
250.124(A).

675.13 Methods of Grounding II. Center Pivot Irrigation Machines
Machines that require grounding shall have a non–current-

675.21 Generalcarrying equipment grounding conductor provided as an in-
The provisions of Part II are intended to cover additionaltegral part of each cord, cable, or raceway. This grounding
special requirements that are peculiar to center pivot irriga-conductor shall be sized not less than the largest supply
tion machines. See 675.2 for the definition of Center Pivotconductor in each cord, cable, or raceway. Feeder circuits
Irrigation Machine.supplying power to irrigation machines shall have an equip-

ment grounding conductor sized according to Table 250.122.
675.22 Equivalent Current Ratings
To establish ratings of controllers, disconnecting means, con-675.14 Bonding
ductors, and the like, for the inherent intermittent duty ofWhere electrical grounding is required on an irrigation ma-
center pivot irrigation machines, the determinations inchine, the metallic structure of the machine, metallic conduit,
675.22(A) and 675.22(B) shall be used.or metallic sheath of cable shall be bonded to the grounding

conductor. Metal-to-metal contact with a part that is bonded
The ratings of electrical components of any circuit shouldto the grounding conductor and the non–current-carrying
be selected so as to avoid extensive damage to the equipmentparts of the machine shall be considered as an acceptable
during a short circuit or ground fault. Requirements forbonding path.
establishing ratings of components of special equipment for
inherent intermittent duty are covered in 675.22. Also see675.15 Lightning Protection
the commentary following 110.10 and 430.52.

If an irrigation machine has a stationary point, a grounding
electrode system in accordance with Article 250, Part III,
shall be connected to the machine at the stationary point for (A) Continuous-Current Rating The equivalent continu-

ous-current rating for the selection of branch-circuit conduc-lightning protection.
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675.22Article 680 — Swimming Pools, Fountains, and Similar Installations

tors and branch-circuit devices shall be equal to 125 percent
metal is permitted as a method for connecting metal partsof the motor nameplate full-load current rating of the largest
of equipment to the equipotential bonding grid. The bond-motor plus 60 percent of the sum of the motor nameplate full-
ing grid is now required to extend at least 3 ft horizontallyload current ratings of all remaining motors on the circuit.
under paved walking surfaces. Subparagraph (3) revised

(B) Locked-Rotor Current The equivalent locked- to permit alternate means of creating equipotential bond-
rotor current rating shall be equal to the numerical sum of ing grid.
two times the locked-rotor current of the largest motor plus • 680.32: Added new text to provide GFCI protection re-
80 percent of the sum of the motor nameplate full-load quirement for all 125-volt receptacles located within 20
current ratings of all the remaining motors on the circuit. ft of a storable swimming pool and provides method by

which to determine the proximity of receptacle outlets to
a storable pool.ARTICLE 680

• 680.34: Added new requirement prohibiting all recepta-Swimming Pools, Fountains, and cles from within 10 ft of the storable pool, and provides
method by which to determine the proximity of receptacleSimilar Installations
outlets to a storable pool.

• 680.51(A):Revised to specify types of equipment requiredSummary of Changes
to be GFCI protected.• 680.8: Added new requirement that specified clearances

• 680.57(A): Revised to clarify that section applies only tobe measured from the maximum water level.
signs in a fountain or within 10 ft of a fountain edge.• 680.12: Revised to require that the maintenance discon-

necting means be ‘‘readily’’ accessible. • 680.58: Added new requirement for GFCI protection of
125 and 250 volt, 15- and 20-ampere receptacles located• 680.21(A)(1): Revised to require that the branch circuit

equipment grounding conductor for swimming pool pump within 20 ft of a fountain.
motors be an insulated conductor. • 680.74: Revised to delete portion of bonding requirement

• 680.21(A)(4): Revised to correlate with the change in addressing double-insulated equipment.
680.21(A) requiring insulated equipment grounding con-
ductor for all wiring methods other than cable assemblies
installed in the interior of a one-family dwelling.

• 680.23(B)(6): Added new requirement that luminaires be Contents
removable from the water for relamping or normal mainte-

I. General
nance and that they be installed so that relamping, mainte-

680.1 Scope
nance, or inspection can be accomplished from the deck

680.2 Definitions
or equivalently dry location.

680.3 Other Articles
• 680.23(E):Revised to clarify the purpose of the nonmetal- 680.4 Approval of Equipment

lic hub. 680.5 Ground-Fault Circuit Interrupters
680.6 Grounding• 680.23(F)(1): Revised to permit Type MC cable where

installed within building as a branch circuit wiring method 680.7 Cord-and Plug-Connected Equipment
(A) Lengthfor underwater luminaires.
(B) Equipment Grounding• 680.24(A)(1)(1) and (B)(1)(1): Revised to delete the text
(C) Construction‘‘listed for the purpose’’ associated with nonmetallic hubs.

680.8 Overhead Conductor Clearances
• 680.25(B)(2): Revised to require that swimming pool

(A) Power
feeder circuits comply with 250.32(B)(1) where run to a

(B) Communications Systems
separate building or structure, and prohibits option of

(C) Network-Powered Broadband Communications
connecting the grounded conductor to a grounding elec-

Systems
trode system at the second building or structure.

680.9 Electric Pool Water Heaters
• 680.26(B)(1): Revised to clarify the conditions under 680.10 Underground Wiring Location

which an alternative means for eliminating voltage gradi- 680.11 Equipment Rooms and Pits
ent is required. 680.12 Maintenance Disconnecting Means

II. Permanently Installed Pools• 680.26(C): Changed title to ‘‘Equipotential’’ Bonding
Grid. Conduit made of brass or other corrosion-resistant 680.20 General
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675.22 Article 680 — Swimming Pools, Fountains, and Similar Installations

680.21 Motors 680.43 Indoor Installations
(A) Wiring Methods (A) Receptacles
(B) Double Insulated Pool Pumps (B) Installation of Luminaires (Lighting Fixtures),

680.22 Area Lighting, Receptacles, and Equipment Lighting Outlets, and Ceiling-Suspended
(A) Receptacles (Paddle) Fans
(B) Luminaires (Lighting Fixtures), Lighting (C) Wall Switches

Outlets, and Ceiling-Suspended (Paddle) Fans (D) Bonding
(C) Switching Devices (E) Methods of Bonding

680.23 Underwater Luminaires (Lighting Fixtures) (F) Grounding
(A) General (G) Underwater Audio Equipment
(B) Wet-Niche Luminaires (Fixtures) 680.44 Protection
(C) Dry-Niche Luminaires (Fixtures) (A) Listed Units
(D) No-Niche Luminaires (Fixtures) (B) Other Units
(E) Through-Wall Lighting Assembly (C) Combination Pool and Spa or Hot Tub
(F) Branch-Circuit Wiring V. Fountains

680.24 Junction Boxes and Enclosures for 680.50 General
Transformers or Ground-Fault Circuit 680.51 Luminaires (Lighting Fixtures), Submersible
Interrupters Pumps, and Other Submersible Equipment

(A) Junction Boxes (A) Ground-Fault Circuit Interrupter
(B) Other Enclosures (B) Operating Voltage
(C) Protection (C) Luminaire (Lighting Fixture) Lenses
(D) Grounding Terminals (D) Overheating Protection
(E) Strain Relief (E) Wiring
(F) Grounding (F) Servicing

680.25 Feeders (G) Stability
(A) Wiring Methods 680.52 Junction Boxes and Other Enclosures
(B) Grounding (A) General

680.26 Equipotential Bonding
(B) Underwater Junction Boxes and Other

(A) Performance
Underwater Enclosures

(B) Bonded Parts
680.53 Bonding

(C) Equipotential Bonding Grid
680.54 Grounding

(D) Connections
680.55 Methods of Grounding

(E) Pool Water Heaters
(A) Applied Provisions680.27 Specialized Pool Equipment
(B) Supplied by a Flexible Cord(A) Underwater Audio Equipment

680.56 Cord-and-Plug-Connected Equipment(B) Electrically Operated Pool Covers
(A) Ground-Fault Circuit Interrupter(C) Deck Area Heating
(B) Cord TypeIII. Storable Pools
(C) Sealing680.30 General
(D) Terminations680.31 Pumps

680.57 Signs680.32 Ground-Fault Circuit Interrupters Required
(A) General680.33 Luminaires (Lighting Fixtures)
(B) Ground-Fault Circuit-Interrupter Protection for(A) 15 Volts or Less

Personnel(B) Over 15 Volts But Not Over 150 Volts
(C) Location680.34 Receptacle Locations
(D) DisconnectIV. Spas and Hot Tubs
(E) Bonding and Grounding680.40 General

680.58 GFCI Protectection for Adjacent Receptacle680.41 Emergency Switch for Spas and Hot Tubs
Outlets680.42 Outdoor Installations

VI. Pools and Tubs for Therapeutic Use(A) Flexible Connections
680.60 General(B) Bonding
680.61 Permanently Installed Therapeutic Pools(C) Interior Wiring to Outdoor Installations
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680.2Article 680 — Swimming Pools, Fountains, and Similar Installations

rectly associated with the pool or from faulty electrical680.62 Therapeutic Tubs (Hydrotherapeutic Tanks)
equipment not associated with but in close proximity to the(A) Protection
pool.(B) Bonding

Accordingly, the requirements of Article 680 covering(C) Methods of Bonding
effective bonding and grounding, installation of receptacles(D) Grounding
and luminaires, use of GFCIs, modified wiring methods,(E) Receptacles
and so on, apply not only to the installation of the pool but(F) Luminaires (Lighting Fixtures)
also to installations and equipment adjacent to or associatedVII. Hydromassage Bathtubs
with the pool.680.70 General

Enhanced electric shock protection in this wet environ-680.71 Protection
ment, where it is intended that people are immersed in bodies680.72 Other Electrical Equipment
of water that also contain electrical equipment, is provided680.73 Accessibility
through one or more of the following means:680.74 Bonding

• GFCI protection and low-voltage equipment
• Double-insulated equipment

I. General • Insulation and isolation
• Equipotenial bonding680.1 Scope
• Physical separation and restricted locations

The provisions of this article apply to the construction and
• Robust physical protection requirements for circuit con-

installation of electrical wiring for and equipment in or adja-
ductors

cent to all swimming, wading, therapeutic, and decorative
pools; fountains; hot tubs; spas; and hydromassage bathtubs,
whether permanently installed or storable, and to metallic 680.2 Definitions
auxiliary equipment, such as pumps, filters, and similar

Cord-and-Plug-Connected Lighting Assembly. A light-equipment. The term body of water used throughout Part I
ing assembly consisting of a luminaire (lighting fixture)applies to all bodies of water covered in this scope unless
intended for installation in the wall of a spa, hot tub, orotherwise amended.
storable pool, and a cord-and-plug-connected transformer.

Article 680 applies to decorative pools and fountains; swim- Dry-Niche Luminaire (Lighting Fixture). A luminaire
ming, wading, and wave pools; therapeutic tubs and tanks; (lighting fixture) intended for installation in the wall of a
hot tubs; spas; hydromassage bathtubs; and similar installa- pool or fountain in a niche that is sealed against the entry
tions. The installations covered by this article can be indoors of pool water.
or outdoors, permanent or storable, and may or may not

Equipment, Fixed. Equipment that is fastened or otherwisebe directly supplied by electrical circuits of any nature.
secured at a specific location.Requirements for natural and artificially made bodies of

water not covered by Article 680 are contained in Article Equipment, Portable. Equipment that is actually moved
682, new for the Code. or can easily be moved from one place to another in normal

Studies conducted by Underwriters Laboratories, vari- use.
ous manufacturers, and others indicate that a person in a

Equipment, Stationary. Equipment that is not easilyswimming pool can receive a severe electric shock by reach-
moved from one place to another in normal use.ing out and touching the energized casing of a faulty appli-

ance — such as a radio or a hair dryer — as the person’s
Forming Shell. A structure designed to support a wet-niche

body, which due to immersion has a lower resistance to
luminaire (lighting fixture) assembly and intended for

electric current, establishes a conductive path through the
mounting in a pool or fountain structure.

water to earth. Also, a person not in contact with a faulty
appliance or any grounded object can receive an electric Fountain. Fountains, ornamental pools, display pools, and
shock and be rendered immobile by a potential gradient in reflection pools. The definition does not include drinking
the water itself. This level of electrical current necessary to fountains.
cause immobilization may not be fatal from an electrical

Hydromassage Bathtub. A permanently installed bathtubshock perspective but is dangerous from an accidental
equipped with a recirculating piping system, pump, anddrowning standpoint. Shock hazards in and around a swim-
associated equipment. It is designed so it can accept, circu-ming pool can result from faulty electrical equipment di-
late, and discharge water upon each use.
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680.2 Article 680 — Swimming Pools, Fountains, and Similar Installations

See the commentary following 680.71, 680.73, and 680.74. The requirements for electrically operated pool covers are
found in 680.27(B).

Maximum Water Level. The highest level that water can
Self-Contained Spa or Hot Tub. Factory-fabricated unitreach before it spills out.
consisting of a spa or hot tub vessel with all water-circulat-

No-Niche Luminaire (Lighting Fixture). A luminaire ing, heating, and control equipment integral to the unit.
(lighting fixture) intended for installation above or below Equipment can include pumps, air blowers, heaters, lights,
the water without a niche. controls, sanitizer generators, and so forth.

Packaged Spa or Hot Tub Equipment Assembly. A fac-
The definition of self-contained spa or hot tub clarifies whichtory-fabricated unit consisting of water-circulating, heating,
assemblies are subject to the requirements of 680.44.and control equipment mounted on a common base, intended

to operate a spa or hot tub. Equipment can include pumps,
air blowers, heaters, lights, controls, sanitizer generators,

Self-Contained Therapeutic Tubs or Hydrotherapeuticand so forth.
Tanks. A factory-fabricated unit consisting of a therapeutic
tub or hydrotherapeutic tank with all water-circulating, heat-

The definition of packaged spa or hot tub equipment assem-
ing, and control equipment integral to the unit. Equipment

bly clarifies which assemblies are subject to the requirements
may include pumps, air blowers, heaters, light controls, sani-

of 680.44.
tizer generators, and so forth.

Spa or Hot Tub. A hydromassage pool, or tub for recre-
Packaged Therapeutic Tub or Hydrotherapeutic Tank ational or therapeutic use, not located in health care facilities,
Equipment Assembly. A factory-fabricated unit consisting designed for immersion of users, and usually having a filter,
of water-circulating, heating, and control equipment heater, and motor-driven blower. It may be installed indoors
mounted on a common base, intended to operate a therapeu- or outdoors, on the ground or supporting structure, or in the
tic tub or hydrotherapeutic tank. Equipment can include ground or supporting structure. Generally, a spa or hot tub
pumps, air blowers, heaters, lights, controls, sanitizer genera- is not designed or intended to have its contents drained or
tors, and so forth. discharged after each use.

Permanently Installed Decorative Fountains and Reflec-
See the commentary following 680.41, 680.42, 680.43, andtion Pools. Those that are constructed in the ground, on the
680.44.ground, or in a building in such a manner that the fountain

cannot be readily disassembled for storage, whether or not
served by electrical circuits of any nature. These units are

Storable Swimming or Wading Pool. Those that are con-primarily constructed for their aesthetic value and are not
structed on or above the ground and are capable of holdingintended for swimming or wading.
water to a maximum depth of 1.0 m (42 in.), or a pool with
nonmetallic, molded polymeric walls or inflatable fabricPermanently Installed Swimming, Wading, and Thera-
walls regardless of dimension.peutic Pools. Those that are constructed in the ground or

partially in the ground, and all others capable of holding
water in a depth greater than 1.0 m (42 in.), and all pools See the commentary following 680.30 and Exhibit 680.16.
installed inside of a building, regardless of water depth, Originally, storable pools were not specifically ad-
whether or not served by electrical circuits of any nature. dressed in the NEC. Article 680 was written to provide

guidance relative to permanent, in-ground pools and their
unique construction requirements because of the unusualSee the commentary following Part VI, Pools and Tubs for
earth-water-electricity-human body environment created inTherapeutic Use.
the finished product. The conductivity of moist concrete or
metal walls buried in the ground, the incorporation of large
masses of reinforcing steel, and the inclusion of stainless-Pool. Manufactured or field-constructed equipment de-
steel handrails and diving-board stands, as well as 120-voltsigned to contain water on a permanent or semipermanent
lights in the pool structure, all called for the strict wiring,basis and used for swimming, wading, or other purposes.
bonding, and grounding requirements of Article 680.

Pool Cover, Electrically Operated. Motor-driven equip- Storable pools, on the other hand, are intended to be
ment designed to cover and uncover the water surface of a temporary structures, without the need for special wiring or
pool by means of a flexible sheet or rigid frame.
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680.3Article 680 — Swimming Pools, Fountains, and Similar Installations

modification to the pool site. They are usually sold as a wall of a pool, consisting of two interconnected groups of
components separated by the pool wall.complete package, consisting of the pool walls, vinyl liner,

plumbing kit, and pump/filter device. A storable pool is Wet-Niche Luminaire (Lighting Fixture). A luminaire
often disassembled and stored during the winter months. (lighting fixture) intended for installation in a forming shell
Regional preferences, weather patterns, economic considera- mounted in a pool or fountain structure where the luminaire
tions, and design characteristics of the pool are all factors (fixture) will be completely surrounded by water.
influencing this action. The original Article 680 definition
of a storable pool was ‘‘One that is so constructed that it 680.3 Other Articles
may be readily disassembled for storage and reassembled

Except as modified by this article, wiring and equipment into its original integrity.’’
or adjacent to pools and fountains shall comply with otherPart III of Article 680 was created to address the special
applicable provisions of this Code, including those provis-equipment specifications of storable pools, and Underwriters
ions identified in Table 680.3.Laboratories developed testing and labeling criteria for list-

ing the pump/filter units designed especially for these pools. Table 680.3 Other Articles
This equipment has the following characteristics:

Topic Section or Article
1. It must have an approved system of double insulation

Wiring Chapters 1–4or the equivalent.
Junction box support 314.232. It is permitted to have a flexible cord equipped with a
Rigid nonmetallic conduit 352.12parallel-blade, grounding-type attachment plug for elec- Audio Equipment Article 640, Parts I and II

trical connection. Adjacent to pools and fountains 640.10
3. It must have a grounding conductor included in the Underwater speakers*

flexible cord.
*Underwater loudspeakers shall be installed in accordance with4. The flexible cord is not limited to 3 ft, as required in 680.27(A).

680.7, and is specified by UL to be not less than 25 ft
long. This length was chosen to discourage the use of
extension cords. Note that 314.23 (E) specifies the requirements for the sup-

port of threaded boxes that do not contain devices and that
The UL labeling requirement for these listed units in- 352.12 (B) does not permit luminaires or most other electri-

cludes the wording ‘‘Do Not Use with Permanently Installed cal equipment to be supported by rigid nonmetallic conduit.
Pools.’’ In some cases, consumers and swimming pool in- Exhibit 680.1 shows a properly supported junction box for
stallers, however, have found it desirable to use these pump/
filter units on any aboveground or on-ground pool, regardless
of the pool’s dimensions or ‘‘storability.’’

Storable pools are supplied as two distinct types. One
type is intended to be disassembled at the end of each swim-
ming season. The second type, by the nature of its construc-
tion, can be disassembled, but manufacturers recommend
leaving it assembled. The pools in the latter category fre-
quently require special modification to and preparation of the
pool site, making them impractical to disassemble. Draining
these pools, especially the larger ones, increases the likeli-
hood of costly damage caused by shrinkage of the vinyl
liner material.

The main factor differentiating the two types of pools
is wall height. Generally, pools, other than the inflatable
type, intended to be disassembled at season’s end have wall
heights of 42 in. or less, while those not intended for disas-
sembly have wall heights of 48 in. or more. The surface
area of the pools is not a factor. Inflatable pools are treated
as storable pools regardless of their wall height.

Independent box
support 

Junction box with threaded
conduit entries

Rigid, IMC, or
nonmetallic conduit

Brass conduit, nonmetallic conduit,
or approved equivalent

Wet-niche 
fixture (120 V)

Maximum water level

Normal
water
level

4  ft

18 in.
min.

Deck

To service (or
approved remote)
panelboard

8  in.

Exhibit 680.1 Wet-niche fixture installation with junction box
Through-Wall Lighting Assembly. A lighting assembly supported above pool deck.
intended for installation above grade, on or through the
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680.4 Article 680 — Swimming Pools, Fountains, and Similar Installations

with Article 250. For example, an outdoor receptacle in-a wet-niche fixture. Also see the commentary following
stalled to meet the requirements of 680.22(A)(3) is permitted314.23(E).
to be wired with Type UF cable containing an insulated or
bare conductor for equipment grounding purposes. Circuits

680.4 Approval of Equipment for pools may be derived from an existing remote panelboard
All electrical equipment installed in the water, walls, or supplied by an approved cable assembly, as specified in
decks of pools, fountains, and similar installations shall com- 680.25(A), Exception. The requirements of 680.6 permit
ply with the provisions of this article. Type UF cable to be used for the receptacle required by

680.22(A)(3) and for some pool-related equipment, but cir-
680.5 Ground-Fault Circuit Interrupters cuit conductors for underwater lighting fixtures are required
Ground-fault circuit interrupters (GFCIs) shall be self-con- to be run in raceways. Circuit conductors for pool-associated
tained units, circuit-breaker or receptacle types, or other motors other than flexible cord, as permitted by 680.7, are
listed types. required to be installed in raceways except in the interior

of one-family dwelling units, where any raceway or cable
assembly permitted by Chapter 3 is acceptable if the equip-See the definition of ground-fault circuit interrupter (GFCI)
ment grounding conductor is at least 12 AWG copper andin Article 100.
is enclosed by the wiring method.A GFCI is intended to be used only in a circuit that has a

Equipment grounding requirements are contained insolidly grounded conductor; however, an equipment ground-
680.6, 680.21(A)(1), 680.23(F)(2), and 680.25(B). Theseing conductor is not necessary for the GFCI to function. A
requirements specify that equipment grounding conductorsClass A GFCI trips where the current to ground has a value
be connected to non–current-carrying metal parts of the spec-in the range of 4 through 6 mA; it is suitable for use in swim-
ified equipment. These equipment grounding conductors areming pool circuits. It should be noted, however, that circuits
required to be run with the circuit conductors in rigid metalsupplying pool equipment that were installed before local
conduit, intermediate conduit, listed MC cable (for motorsadoption of the 1965 edition of the Codemay have sufficient
only), or rigid nonmetallic conduit (electrical metallic tubingleakage current to cause a Class A GFCI to trip. A Class B
is permitted in or on buildings, and electrical nonmetallicGFCI trips if the current to ground exceeds 20 mA; it is suit-
tubing is permitted inside buildings), and they must be termi-able for use only with underwater swimming pool lighting
nated at the grounding terminal bus of the service pan-fixtures installed before the local adoption of the 1965 Code.
elboard, the source of the separately derived system, or
the subpanel. This equipment grounding conductor provides680.6 Grounding
a path of low impedance that limits the voltage to ground and

Electrical equipment shall be grounded in accordance with facilitates operation of the circuit overcurrent protective de-
Parts V, VI, and VII of Article 250 and connected by wiring vice(s). The equipment grounding conductor is required to be
methods of Chapter 3, except as modified by this article. an insulated copper conductor not smaller than 12 AWG.
The following equipment shall be grounded: The requirements of 680.6, 680.21(A)(1), 680.23(F)(2),

and 680.25 (B) are in addition to the bonding requirements(1) Through-wall lighting assemblies and underwater lumi-
naires (lighting fixtures), other than those low-voltage in 680.26. The intent of the bonding requirements is to

establish an equipotential plane to limit the voltage betweensystems listed for the application without a grounding
conductor all non–current-carrying parts of electrical and nonelectrical

equipment in the pool area.(2) All electrical equipment located within 1.5 m (5 ft) of
the inside wall of the specified body of water Bonding conductors may be insulated, covered, or bare

and are required to be 8 AWG solid copper or larger. They(3) All electrical equipment associated with the recirculat-
ing system of the specified body of water may be direct buried, and, if connected to metal parts of the

pool structure or metal parts of electrical equipment, they(4) Junction boxes
(5) Transformer enclosures may be externally clamped or attached and are not required

to be accessible. All these parts form a common bonding(6) Ground-fault circuit interrupters
(7) Panelboards that are not part of the service equipment grid that establishes an equipotential grounding system, and

they do not have to be run to the equipment groundingand that supply any electrical equipment associated with
the specified body of water terminals of panelboards or service equipment.

Electrical equipment other than underwater lighting fixtures 680.7 Cord-and-Plug-Connected Equipment
and pool-associated motors is required to be connected by

Fixed or stationary equipment other than an underwater lu-the wiring methods of Chapter 3 and grounded in accordance
minaire (lighting fixture) for a permanently installed pool
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680.8Article 680 — Swimming Pools, Fountains, and Similar Installations

shall be permitted to be connected with a flexible cord to level is given, the measurement shall be taken from the
maximum water level of the specified body of water.facilitate the removal or disconnection for maintenance or

repair.
(A) Power With respect to service drop conductors and

(A) Length For other than storable pools, the flexible cord open overhead wiring, swimming pool and similar installa-
shall not exceed 900 mm (3 ft) in length. tions shall comply with the minimum clearances given in

Table 680.8 and illustrated in Figure 680.8.
(B) Equipment Grounding The flexible cord shall have a
copper equipment grounding conductor sized in accordance
with 250.122 but not smaller than 12 AWG. The cord shall
terminate in a grounding-type attachment plug.

(C) Construction The equipment grounding conductors
shall be connected to a fixed metal part of the assembly.
The removable part shall be mounted on or bonded to the
fixed metal part.

In some climates, it is preferable to disconnect and remove

B

Pool

Observation
stand

C

B

B
B

B

A
A

C

a permanent pool’s filter pump during cold-weather months.
A 3-ft cord is permitted, to facilitate the removal of fixed Figure 680.8 Clearances from Pool Structures.
or stationary equipment for maintenance and storage. The 3-
ft cord limitation does not apply to cord-and-plug-connected

FPN: Open overhead wiring as used in this article typi-filter pumps used with storable-type pools (covered in Part
cally refers to conductor(s) not in an enclosed raceway.

III of Article 680), since these pumps are neither fixed nor
stationary. Listed filter pumps for use with storable pools (B) Communications Systems Communication, radio,
are considered portable and are permitted to be equipped and television coaxial cables within the scope of Articles
with cords longer than 3 ft. 800 through 820 shall be permitted at a height of not less

than 3.0 m (10 ft) above swimming and wading pools, diving
structures, and observation stands, towers, or platforms.680.8 Overhead Conductor Clearances
(C) Network-Powered Broadband CommunicationsOverhead conductors shall meet the clearance requirements

in this section. Where a minimum clearance from the water Systems The minimum clearances for overhead network-

Table 680.8 Overhead Conductor Clearances

Insulated Cables, 0–750
Volts to Ground, Supported
on andCabledTogetherwith All Other Conductors Voltage to Ground
an Effectively Grounded
Bare Messenger or
Effectively Grounded
Neutral Conductor 0 through 15 kV Over 15 through 50 kV

Clearance Parameters m ft m ft m ft

A. Clearance in any direction to 6.9 22.5 7.5 25 8.0 27
the water level, edge of water
surface, base of diving
platform, or permanently
anchored raft

B. Clearance in any direction to 4.4 14.5 5.2 17 5.5 18
the observation stand, tower,
or diving platform

C. Horizontal limit of clearance This limit shall extend to the outer edge of the structures listed in A and B of this table but not to
measured from inside wall of less than 3 m (10 ft).
the pool
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680.9 Article 680 — Swimming Pools, Fountains, and Similar Installations

powered broadband communications systems conductors Table 680.10 Minimum Burial Depths
from pools or fountains shall comply with the provisions in

Minimum BurialTable 680.8 for conductors operating at 0 to 750 volts to
ground.

Wiring Method mm in.

Rigid metal conduit 150 6Service drop conductors, conductors of network-powered
Intermediate metal conduit 150 6broadband communications systems, and aerial feeders and
Nonmetallic raceways listed for directbranch circuits are permitted to be located above a swimming

burial without concrete encasement 450 18
pool and associated pool structures where provided with the Other approved raceways* 450 18
clearances specified in Table 680.8. Overhead conductors

*Raceways approved for burial only where concrete encased shallof communications systems are required to comply with
require a concrete envelope not less than 50 mm (2 in.) thick.680.8(B). These clearances consider such factors as the use

of skimmers with aluminum handles and provide sufficient
separation between the conductors and the pool. In some
instances, locating a swimming pool below electric conduc- constraints such as property lines preclude the 5-ft minimum
tors is unavoidable, for example, on a building lot with separation. Under the second condition, underground wiring
limited area or an existing lot where the electric supply lines located within the 5-ft zone is required to be installed in
are already in place. The clearances for conductors from rigid metal conduit, intermediate metal conduit, or rigid
pools and pool structures were increased in the 1999 Code nonmetallic conduit and must be buried to a depth not less
to harmonize the NEC with ANSI C2, National Electrical than that required by Table 680.10 for these permitted wiring
Safety Code (NESC). The maximum water level of the body methods. Beyond the 5-ft zone, the minimum cover require-
of water (pool, spa, hot tub, or other) is used to determine ments of Table 300.5 apply to the underground wiring meth-
compliance with 680.8. For the definition of maximum water ods used for circuits rated 600 volts and less.
level, see 680.2. As indicated by the title of this section (‘‘Underground

Wiring Location’’), the focus of 680.10 is to mitigate shock
hazards that may occur as a result of a faulty or damaged

680.9 Electric Pool Water Heaters underground installation that is in close proximity to the
All electric pool water heaters shall have the heating ele- swimming pool. Due to water splashing out of the pool and
ments subdivided into loads not exceeding 48 amperes and water dripping off those who have been in the pool, the area
protected at not over 60 amperes. The ampacity of the within 5 ft of the inside walls is generally the wettest loca-
branch-circuit conductors and the rating or setting of over- tion; as a result, electrical leakage from underground installa-
current protective devices shall not be less than 125 percent tions presents a greater shock hazard in this continuously
of the total nameplate-rated load. wet environment.

680.10 Underground Wiring Location
680.11 Equipment Rooms and Pits

Underground wiring shall not be permitted under the pool
Electric equipment shall not be installed in rooms or pitsor within the area extending 1.5 m (5 ft) horizontally from
that do not have drainage that adequately prevents waterthe inside wall of the pool unless this wiring is necessary
accumulation during normal operation or filter maintenance.to supply pool equipment permitted by this article. Where

space limitations prevent wiring from being routed a distance
680.12 Maintenance Disconnecting Means1.5 m (5 ft) or more from the pool, such wiring shall be

permitted where installed in rigid metal conduit, intermediate One or more means to disconnect all ungrounded conductors
shall be provided for all utilization equipment other thanmetal conduit, or a nonmetallic raceway system. All metal

conduit shall be corrosion resistant and suitable for the loca- lighting. Each means shall be readily accessible and within
sight from its equipment.tion. The minimum burial depth shall be as given in Table

680.10.

A readily accessible disconnecting means is required to be
located within sight of pool, spa, and hot tub equipment inThis section allows wiring within 5 ft of the inside walls of

the swimming pool under two conditions. The first condition order to provide service personnel with the ability to safely
disconnect power while servicing equipment such as motors,permits wiring to pool-associated equipment such as an un-

derwater luminaire. The second condition permits wiring heaters, and control panels. Underwater luminaires are not
subject to this requirement. See Exhibit 680.2.not associated with the pool within this area where spatial
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680.22Article 680 — Swimming Pools, Fountains, and Similar Installations

(3) Flexible Connections Where necessary to employ flex-
ible connections at or adjacent to the motor, liquidtight flexi-
ble metal or nonmetallic conduit with approved fittings shall
be permitted.

(4) One-Family Dwellings In the interior of one-family
dwellings, or in the interior of accessory buildings associated
with a one-family dwelling, any of the wiring methods recog-
nized in Chapter 3 of this Code that comply with the provis-
ions of this paragraph shall be permitted. Where run in a
cable assembly, the equipment grounding conductor shall
be permitted to be uninsulated, but it shall be enclosed within
the outer sheath of the cable assembly.

Disconnect
within sight of
equipment that
it supplies

5 ft

(5) Cord-and-Plug Connections Pool-associated motors
shall be permitted to employ cord-and-plug connections.

Exhibit 680.2 Required pool equipment disconnect. The discon- The flexible cord shall not exceed 900 mm (3 ft) in length.
nect for pool equipment must be located within sight of the pool The flexible cord shall include an equipment grounding
equipment and at least 5 ft from the pool.

conductor sized in accordance with 250.122 and shall termi-
nate in a grounding-type attachment plug.

II. Permanently Installed Pools (B) Double Insulated Pool Pumps A listed cord-and-plug-
connected pool pump incorporating an approved system of680.20 General
double insulation that provides a means for grounding only

Electrical installations at permanently installed pools shall the internal and nonaccessible, non–current-carrying metal
comply with the provisions of Part I and Part II of this parts of the pump shall be connected to any wiring method
article. recognized in Chapter 3 that is suitable for the location.

Where the bonding grid is connected to the equipment680.21 Motors
grounding conductor of the motor circuit in accordance with

(A) Wiring Methods the second paragraph of 680.26(B)(4), the branch circuit
wiring shall comply with 680.21(A).(1) General The branch circuits for pool-associated motors

shall be installed in rigid metal conduit, intermediate metal
conduit, rigid nonmetallic conduit, or Type MC cable listed Cord-and-plug-connected double-insulated swimming pool
for the location. Other wiring methods and materials shall filter pumps have been used with permanently installed
be permitted in specific locations or applications as covered aboveground pools and some storable pools, regardless of
in this section. Any wiring method employed shall contain the pool’s size, for many years without any known field-
an insulated copper equipment grounding conductor sized related problems. The internal metal parts of a swimming
in accordance with 250.122 but not smaller than 12 AWG. pool filter pump incorporating a system of double insulation

are grounded; however, they are not required to be incorpo-
rated into the bonding system required by 680.26(B), sinceType MC cable listed for the application is permitted as a

wiring method for swimming pool motor circuits. This listing the act of bonding compromises the double-insulation
system.requirement ensures that the MC cable is suitable for the

environmental and installation conditions typically encoun-
tered with swimming pool pump motors. Type MC cables

680.22 Area Lighting, Receptacles,listed for installation in direct sunlight or direct burial are
and Equipmentmarked to indicate suitability for such applications.

Other than cable assemblies installed on the interior of
(A) Receptaclesa one-family dwelling per 680.21(A)(4), wiring methods

used for the supply circuit to a swimming pool pump motor
(1) Circulation and Sanitation System, Location Recep-must include an insulated, copper equipment grounding con-
tacles that provide power for water-pump motors or for otherductor not less than 12 AWG.
loads directly related to the circulation and sanitation system
shall be located at least 3.0 m (10 ft) from the inside walls
of the pool, or not less than 1.5 m (5 ft) from the inside(2) On or Within Buildings Where installed on or within

buildings, electrical metallic tubing shall be permitted. walls of the pool if they meet all of the following conditions:
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680.22 Article 680 — Swimming Pools, Fountains, and Similar Installations

receptacle is located not less than 5 ft from the inside walls(1) Consist of single receptacles
(2) Employ a locking configuration of the pool or fountain and is protected by a GFCI.

As required by 680.22(A)(3), each permanently in-(3) Are of the grounding type
(4) Have GFCI protection stalled pool in a residential setting is required to have at

least one receptacle, which must be located at least 10 ft
(2) Other Receptacles, Location Other receptacles shall from the pool and not more than 20 ft from the pool. The intent
be not less than 3.0 m (10 ft) from the inside walls of a of this requirement is to permit ordinary appliances to be
pool. safely plugged in and used near the pool but to avoid the need

for extension cords in the vicinity of the pool. The 10-ft mini-(3) Dwelling Unit(s) Where a permanently installed pool
mum dimension was chosen so that an appliance with a 6-ftis installed at a dwelling unit(s), no fewer than one 125-volt
cord could not be accidentally knocked into the pool.15- or 20-ampere receptacle on a general-purpose branch

The provision of 680.22(A)(5) covers receptacle outletcircuit shall be located not less than 3.0 m (10 ft) from, and
installation at dwelling units where the spatial constraintsnot more than 6.0 m (20 ft) from, the inside wall of the
prevent locating the required receptacle 10 ft or more frompool. This receptacle shall be located not more than 2.0 m
the inside walls of the pool. Where this condition exists,(6 ft 6 in.) above the floor, platform, or grade level serving
one GFCI-protected receptacle is permitted to be locatedthe pool.
closer than 10 ft but not less than 5 ft from the inside walls

(4) Restricted Space Where a pool is within 3.0 m (10 ft) of the pool.
of a dwelling and the dimensions of the lot preclude meeting GFCI protection of all 125-volt receptacles located
the required clearances, not more than one receptacle outlet within 20 ft of a pool or fountain is required by 680.22(A)(5).
shall be permitted if not less than 1.5 m (5 ft) measured This rule applies to pools located outdoors or indoors, perma-
horizontally from the inside wall of the pool. nently installed or storable, and for residential or commercial

use. Since people within 20 ft of a pool are normally sub-(5) GFCI Protection All 15- and 20-ampere, single-phase,
jected to dampness and moisture, the GFCI requirement125-volt receptacles located within 6.0 m (20 ft) of the inside
within the 20-ft space is warranted.walls of a pool shall be protected by a ground-fault circuit

Examples of receptacles meeting the requirements ofinterrupter. Receptacles that supply pool pump motors and
680.22 (A) are shown in Exhibits 680.3 and 680.4. Exhibitthat are rated 15 or 20 amperes, 125 volts through 250 volts,
680.5 illustrates that the determination of the minimum dis-single phase, shall be provided with GFCI protection.
tance for receptacles from a pool does not include receptacles
within a structure. The receptacles within the structure areAll single-phase, 15- and 20-ampere, 125-volt through 250-
permitted to be less than 10 ft from the pool. Where thisvolt receptacles that supply swimming pool pump motors
installation is at a dwelling unit, it is necessary to provideare required to have GFCI protection. While this requirement
at least one receptacle between 10 ft and 20 ft from theapplied only to installations at other than dwellings in the
inside walls of the pool. This location precludes having to1999 Code, the 2002 Code was revised to require GFCI
run the cord of an appliance used on the pool deck throughprotection of these receptacles for all swimming pool instal-
a doorway.lations. It should be noted that 680.22(A)(5) applies to these

receptacles regardless of their proximity to the swimming
pool and that it applies only to cord-and-plug-connected (B) Luminaires (Lighting Fixtures), Lighting Outlets,
pump motors. and Ceiling-Suspended (Paddle) Fans

(1) NewOutdoor Installation Clearances In outdoor pool
(6) Measurements In determining the dimensions in this areas, luminaires (lighting fixtures), lighting outlets, and
section addressing receptacle spacings, the distance to be ceiling-suspended (paddle) fans installed above the pool or
measured shall be the shortest path the supply cord of an the area extending 1.5 m (5 ft) horizontally from the inside
appliance connected to the receptacle would follow without walls of the pool shall be installed at a height not less than
piercing a floor, wall, ceiling, doorway with hinged or sliding 3.7 m (12 ft) above the maximum water level of the pool.
door, window opening, or other effective permanent barrier.

(2) Indoor Clearances For installations in indoor pool
areas, the clearances shall be the same as for outdoor areasThe requirements of 680.22(A) apply to receptacles located
unless modified as provided in this paragraph. If the branchnear a permanently installed pool or fountain. They do not
circuit supplying the equipment is protected by a ground-apply to direct-connected equipment. Permission is given in
fault circuit interrupter, the following equipment shall be680.22(A)(1) to allow a single locking- and grounding-type
permitted at a height not less than 2.3 m (7 ft 6 in.) abovereceptacle to supply a recirculation pump motor where the
the maximum pool water level:
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680.23Article 680 — Swimming Pools, Fountains, and Similar Installations

Exhibit 680.3 An example of
a receptacle installed ac-
cording to 680.22(A). For per-
manently installed pools at a
dwelling unit(s), it is mandatory
to install a 125-volt receptacle
between 10 ft and 20 ft from
the inside wall of the pool.

Required 125 V, 15 A or 20 A for pools
installed at dwellings

GFCI required 

5 ft

10 ft

20 ft

Locking- and grounding-type single receptacle 
to supply pool pump motor

(1) Totally enclosed luminaires (fixtures) pool unless separated from the pool by a solid fence, wall,
or other permanent barrier. Alternatively, a switch that is(2) Ceiling-suspended (paddle) fans identified for use be-

neath ceiling structures such as provided on porches or listed as being acceptable for use within 1.5 m (5 ft) shall
be permitted.patios

(3) Existing Installations Existing luminaires (lighting
Panelboards containing circuit breakers, time clocks, poolfixtures) and lighting outlets located less than 1.5 m (5 ft)
light switches, and similar switching devices, where locatedmeasured horizontally from the inside walls of a pool shall
not less than 5 ft horizontally from the inside walls of abe not less than 1.5 m (5 ft) above the surface of the maxi-
pool without a solid fence, wall, or other permanent barrier,mum water level, shall be rigidly attached to the existing
must be out of reach of persons who are in the pool, therebystructure, and shall be protected by a ground-fault circuit
preventing contact and possible shock hazards.interrupter.

(4) GFCI Protection in Adjacent Areas Luminaires
680.23 Underwater Luminaires(lighting fixtures), lighting outlets, and ceiling-suspended
(Lighting Fixtures)(paddle) fans installed in the area extending between 1.5 m

(5 ft) and 3.0 m (10 ft) horizontally from the inside walls of This section covers all luminaires (lighting fixtures) installed
below the normal water level of the pool.a pool shall be protected by a ground-fault circuit interrupter

unless installed not less than 1.5 m (5 ft) above the maximum (A) General
water level and rigidly attached to the structure adjacent to

(1) Luminaire (Fixture) Design, Normal Operation Theor enclosing the pool.
design of an underwater luminaire (lighting fixture) supplied

(5) Cord-and-Plug-Connected Luminaires (Lighting from a branch circuit either directly or by way of a trans-
Fixtures) Cord-and-plug-connected luminaires (lighting former meeting the requirements of this section shall be
fixtures) shall comply with the requirements of 680.7 where such that, where the luminaire (fixture) is properly installed
installed within 4.9 m (16 ft) of any point on the water without a ground-fault circuit interrupter, there is no shock
surface, measured radially. hazard with any likely combination of fault conditions during

normal use (not relamping).
See Exhibit 680.6 for diagrams that clarify the limitations
applicable to certain zones surrounding outdoor and indoor Dry-niche, no-niche, or wet-niche underwater luminaires
pools. operating at more than 15 volts require GFCI protection.

See the commentary following 680.5.
(C) Switching Devices Switching devices shall be located Branch-circuit conductors for dry-niche fixtures are re-
at least 1.5 m (5 ft) horizontally from the inside walls of a
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680.23 Article 680 — Swimming Pools, Fountains, and Similar Installations

10 ft

Exhibit 680.5 Permitted receptacle location less than 10 ft from
the inside wall of a permanently installed pool. The minimum
distance required by 680.22(A) does not apply to a receptacle
located in a structure.

(2) Transformers Transformers used for the supply of un-
derwater luminaires (fixtures), together with the transformer
enclosure, shall be listed as a swimming pool and spa trans-
former. The transformer shall be an isolated winding type
with an ungrounded secondary that has a grounded metal
barrier between the primary and secondary windings.

Unless marked otherwise, UL-listed swimming pool and spa
transformers are not suitable for connection to a conduit that
extends directly to an underwater pool light forming shell.
Swimming pool and spa transformers are not permitted to
be used outdoors unless marked ‘‘For Outdoor Use’’ or in
an equivalent manner that signifies that they have been found

GFCI

GFCI

GFCI

GFCI

Outdoor pool

Hinged
door

Sliding
door

Window
opening

Wall of building

GFCI-protected 125-V, 
15-A or 20-A receptacle

These receptacles OK

Pump motor receptacle _

OK if single and locking
type, GFCI protected

8 ft

Indoor or
outdoor pool

Hinged
door

Sliding
door

Window
opening

Wall of building

No receptacle
permitted here

These receptacles OK

Pump motor receptacle _

OK if single and locking
type, GFCI protected

10–20 ft

10– 20 ft

8 ft

Dwelling Unit Without Restricted Space

Dwelling Unit With Restricted Space

10– 20 ft

10– 20 ft

acceptable for both outdoor and indoor use. See 110.3(B).
Exhibit 680.4 Acceptable receptacle locations within 20 ft of a
permanently installed swimming pool.

(3) GFCI Protection, Relamping A ground-fault circuit
interrupter shall be installed in the branch circuit supplying

quired to be installed in approved rigid metal conduit, inter- luminaires (fixtures) operating at more than 15 volts such
mediate metal conduit, or rigid nonmetallic conduit from that there is no shock hazard during relamping. The installa-
the fixture to a panelboard or the service equipment. Branch- tion of the ground-fault circuit interrupter shall be such that
circuit conductors for wet-niche fixtures leaving the pool there is no shock hazard with any likely fault-condition
junction box are required to be enclosed in rigid metal con- combination that involves a person in a conductive path from
duit, intermediate metal conduit, liquidtight flexible nonme- any ungrounded part of the branch circuit or the luminaire
tallic conduit, or rigid nonmetallic conduit, except where (fixture) to ground.
located in or on buildings, where the conductors are permit-
ted to be installed in electrical metallic tubing or electrical (4) Voltage Limitation No luminaires (lighting fixtures)
nonmetallic tubing. Unlike wet-niche fixtures, a junction shall be installed for operation on supply circuits over 150
box is not required for dry-niche fixtures. If one is used, it volts between conductors.
is not required to be elevated or located as specified in

(5) Location, Wall-Mounted Luminaires (Fixtures)680.24(A)(2). (See Exhibit 680.1 and Exhibit 680.7.)
Luminaires (lighting fixtures) mounted in walls shall be
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680.23Article 680 — Swimming Pools, Fountains, and Similar Installations

Exhibit 680.6 Limitations that
apply to the placement of lumi-
naires, lighting outlets, and
ceiling-suspended fans in the
area surrounding outdoor and
indoor pools.

C CE E

D D

A

F F

B

Outdoor Pools

Indoor Pools

12 ft

5 ft

10 ft

5 ft

5 ft

10 ft

5 ft

5 ft

10 ft

5 ft

10 ft

12 ft

71/2 ft

Luminaires, lighting outlets, and ceiling-
suspended (paddle) fans permitted
above 12 ft.
Luminaires, lighting outlets, and ceiling-
suspended (paddle) fans not permitted
below 12 ft.
Existing luminaires and lighting outlets
permitted in this space if rigidly attached
to existing structure (GFCI required).
Luminaires and lighting outlets permitted
if protected by a GFCI.
Luminaires and lighting outlets permitted
if rigidly attached.

Luminaires, lighting outlets, and ceiling-
suspended (paddle) fans permitted
above 12 ft.
Totally enclosed luminaires protected by
a GFCI and ceiling-suspended (paddle)
fans protected by a GFCI permitted
above 71/2 ft.
Luminaires, lighting outlets, and ceiling-
suspended (paddle) fans not permitted
below 5 ft.
Existing luminaires and lighting outlets
permitted in this space if rigidly attached
to existing structure (GFCI required).
Luminaires and lighting outlets permitted
if protected by a GFCI. 
Luminaires and lighting outlets permitted
if rigidly attached.

A

B

C

D

E

A

B

C

D

E

F

CE E

D D

A

B

installed with the top of the luminaire (fixture) lens not less protected against the hazards of overheating when not
submerged.than 450 mm (18 in.) below the normal water level of the

pool, unless the luminaire (lighting fixture) is listed and
identified for use at lesser depths. No luminaire (fixture) Fixtures that depend on submersion for safe operation are
shall be installed less than 100 mm (4 in.) below the normal required to be inherently protected against the hazards of
water level of the pool. overheating when not submerged, for example, during a

relamping process. Protection against overheating is required
to be built into a fixture or to be a part of it. A remotelyThe reason for the 18-in. minimum submergence require-

ment is to reduce the likelihood that a person in the water located low-water cutoff switch does not provide the in-
tended protection.and hanging onto the side of the pool directly over the fixture

will have his or her chest in line with the fixture. This
section covers fixtures that have been investigated and found

(8) Compliance Compliance with these requirements shallacceptable for use where a person’s chest may be directly
be obtained by the use of a listed underwater luminairein front of the fixture. The highest level of leakage current
(lighting fixture) and by installation of a listed ground-faultin the pool coming from a wet-niche fixture with a broken
circuit interrupter in the branch circuit or a listed transformerlens and bulb is found directly in front of the fixture.
for luminaires (fixtures) operating at not more than 15 volts.

(6) Bottom-Mounted Luminaires (Fixtures) A luminaire (B) Wet-Niche Luminaires (Fixtures)
(lighting fixture) facing upward shall have the lens ade-

(1) Forming Shells Forming shells shall be installed forquately guarded to prevent contact by any person.
the mounting of all wet-niche underwater luminaires (fix-
tures) and shall be equipped with provisions for conduit(7) Dependence on Submersion Luminaires (fixtures) that

depend on submersion for safe operation shall be inherently entries. Metal parts of the luminaire (fixture) and forming
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680.23 Article 680 — Swimming Pools, Fountains, and Similar Installations

shell in contact with the pool water shall be of brass or other with, or encapsulated in, a suitable potting compound to
prevent the entry of water into the luminaire (fixture) throughapproved corrosion-resistant metal. All forming shells used

with nonmetallic conduit systems, other than those that are the cord or its conductors. In addition, the grounding connec-
tion within a luminaire (fixture) shall be similarly treated topart of a listed low-voltage lighting system not requiring

grounding, shall include provisions for terminating an 8 protect such connection from the deteriorating effect of pool
water in the event of water entry into the luminaire (fixture).AWG copper conductor.

(2) Wiring Extending Directly to the Forming Shell (5) Luminaire (Fixture) Bonding The luminaire (fixture)
Conduit shall be installed from the forming shell to a junction shall be bonded to and secured to the forming shell by a
box or other enclosure conforming to the requirements in positive locking device that ensures a low-resistance contact
680.24. Conduit shall be rigid metal, intermediate metal, and requires a tool to remove the luminaire (fixture) from the
liquidtight flexible nonmetallic, or rigid nonmetallic. forming shell. Bonding shall not be required for luminaires

(fixtures) that are listed for the application and have no(a) Metal Conduit. Metal conduit shall be approved and
non–current-carrying metal parts.shall be of brass or other approved corrosion-resistant metal.

(b) Nonmetallic Conduit. Where a nonmetallic conduit (6) Servicing All luminaires shall be removable from the
is used, an 8 AWG insulated solid or stranded copper bonding water for relamping or normal maintenance. Luminaires
jumper shall be installed in this conduit unless a listed low- shall be installed in such a manner that personnel can reach
voltage lighting system not requiring grounding is used. The the luminaire for relamping, maintenance, or inspection
bonding jumper shall be terminated in the forming shell, while on the deck or equivalently dry location.
junction box or transformer enclosure, or ground-fault cir-
cuit-interrupter enclosure. The termination of the 8 AWG Custom swimming pool installations where the pool is incor-
bonding jumper in the forming shell shall be covered with, porated as an architectural feature of a building or structure
or encapsulated in, a listed potting compound to protect the can present access problems for those who have to change
connection from the possible deteriorating effect of pool the lamps of an underwater luminaire. In some cases, the
water. length of the flexible cord connected to a wet-niche luminaire

does not permit the luminaire to be removed from the pool
Where rigid nonmetallic conduit or liquidtight flexible non- for relamping or servicing. To address the concern over a
metallic conduit is used between a forming shell for a wet- person having to be in the pool in order to change lamps,
niche fixture and a junction box or other enclosure, an 8 this new requirement specifies that the underwater luminaire
AWG insulated copper bonding jumper is required to be installation has to be made so that changing of the lamp can
installed in the conduit to provide electrical continuity be- occur on the pool deck or other location outside of the pool.
tween the forming shell and the junction box or other enclo-
sure. The conduit must be sized large enough to enclose

(C) Dry-Niche Luminaires (Fixtures)both the 8 AWG insulated copper bonding jumper and the
approved flexible cord that supplies the wet-niche fixture, (1) Construction A dry-niche luminaire (lighting fixture)
to facilitate easy withdrawal and insertion of the bonding shall be provided with a provision for drainage of water
conductor and the cord. Low-voltage lighting systems and a means for accommodating one equipment grounding
are exempt from this equipment grounding conductor conductor for each conduit entry.
requirement.

(2) Junction Box A junction box shall not be required but,
if used, shall not be required to be elevated or located as

(3) Equipment Grounding Provisions for Cords Wet- specified in 680.24(A)(2) if the luminaire (fixture) is specifi-
niche luminaires (lighting fixtures) that are supplied by a cally identified for the purpose.
flexible cord or cable shall have all exposed non–current-

(D) No-Niche Luminaires (Fixtures) A no-niche lumi-carrying metal parts grounded by an insulated copper equip-
naire (fixture) shall meet the construction requirements ofment grounding conductor that is an integral part of the cord
680.23(B)(3) and be installed in accordance with the require-or cable. This grounding conductor shall be connected to a
ments of 680.23(B). Where connection to a forming shellgrounding terminal in the supply junction box, transformer
is specified, the connection shall be to the mounting bracket.enclosure, or other enclosure. The grounding conductor shall

not be smaller than the supply conductors and not smaller (E) Through-Wall Lighting Assembly A through-wall
than 16 AWG. lighting assembly shall be equipped with a threaded entry

or hub, or a nonmetallic hub, for the purpose of accommodat-(4) Luminaire (Fixture) Grounding Terminations The
end of the flexible-cord jacket and the flexible-cord conduc- ing the termination of the supply conduit. A through-wall

lighting assembly shall meet the construction requirementstor terminations within a luminaire (fixture) shall be covered
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680.24Article 680 — Swimming Pools, Fountains, and Similar Installations

of 680.23(B)(3) and be installed in accordance with the transformer, ground-fault circuit interrupter, clock-operated
switch enclosure, or an outlet box used to enclose a snaprequirements of 680.23. Where connection to a forming

shell is specified, the connection shall be to the conduit switch.
termination point.

See the commentary following 680.23(A)(2).
(F) Branch-Circuit Wiring

(1) Wiring Methods Branch-circuit wiring on the supply (3) Conductors Conductors on the load side of a ground-
side of enclosures and junction boxes connected to conduits fault circuit interrupter or of a transformer, used to comply
run to wet-niche and no-niche luminaires (fixtures), and the with the provisions of 680.23(A)(8), shall not occupy race-
field wiring compartments of dry-niche luminaires (fixtures), ways, boxes, or enclosures containing other conductors un-
shall be installed using rigid metal conduit, intermediate less one of the following conditions applies:
metal conduit, liquidtight flexible nonmetallic conduit, or

(1) The other conductors are protected by ground-fault cir-rigid nonmetallic conduit. Where installed on buildings,
cuit interrupters.electrical metallic tubing shall be permitted, and where in-

(2) The other conductors are grounding conductors.stalled within buildings, electrical nonmetallic tubing, Type
(3) The other conductors are supply conductors to a feed-MC cable, or electrical metallic tubing shall be permitted.

through type ground-fault circuit interrupter.
Exception: Where connecting to transformers for pool (4) Ground-fault circuit interrupters shall be permitted in a
lights, liquidtight flexible metal conduit or liquidtight flexible panelboard that contains circuits protected by other than
nonmetallic conduit shall be permitted. The length shall not ground-fault circuit interrupters.
exceed 1.8 m (6 ft) for any one length or exceed 3.0 m

680.24 Junction Boxes and Enclosures for(10 ft) in total length used. Liquidtight flexible nonmetallic
Transformers or Ground-Fault Circuitconduit, Type B (LFNC-B), shall be permitted in lengths
Interrupterslonger than 1.8 m (6 ft).
(A) Junction Boxes A junction box connected to a conduit

(2) Equipment Grounding Through-wall lighting assem- that extends directly to a forming shell or mounting bracket
blies, wet-niche, dry-niche, or no-niche luminaires (lighting of a no-niche luminaire (fixture) shall meet the requirements
fixtures) shall be connected to an insulated copper equipment of this section.
grounding conductor installed with the circuit conductors.

(1) Construction The junction box shall be listed as aThe equipment grounding conductor shall be installed with-
swimming pool junction box and shall comply with theout joint or splice except as permitted in (F)(2)(a) and
following conditions:(F)(2)(b). The equipment grounding conductor shall be sized
(1) Be equipped with threaded entries or hubs or a nonme-in accordance with Table 250.122 but shall not be smaller

tallic hubthan 12 AWG.
(2) Be comprised of copper, brass, suitable plastic, or other

Exception: An equipment grounding conductor between the approved corrosion-resistant material
wiring chamber of the secondary winding of a transformer (3) Be provided with electrical continuity between every
and a junction box shall be sized in accordance with the connected metal conduit and the grounding terminals
overcurrent device in this circuit. by means of copper, brass, or other approved corrosion-

resistant metal that is integral with the box(a) If more than one underwater luminaire (lighting
fixture) is supplied by the same branch circuit, the equipment (2) Installation Where the luminaire (fixture) operates
grounding conductor, installed between the junction boxes, over 15 volts, the junction box location shall comply with
transformer enclosures, or other enclosures in the supply (A)(2)(a) and (A)(2)(b). Where the luminaire (fixture) oper-
circuit to wet-niche luminaires (fixtures), or between the ates at less than 15 volts, the junction box location shall be
field-wiring compartments of dry-niche luminaires (fix- permitted to comply with (A)(2)(c).
tures), shall be permitted to be terminated on grounding (a) Vertical Spacing. The junction box shall be located
terminals. not less than 100 mm (4 in.), measured from the inside of

the bottom of the box, above the ground level, or pool deck,(b) If the underwater luminaire (lighting fixture) is sup-
plied from a transformer, ground-fault circuit interrupter, or not less than 200 mm (8 in.) above the maximum pool

water level, whichever provides the greater elevation.clock-operated switch, or a manual snap switch that is lo-
cated between the panelboard and a junction box connected (b) Horizontal Spacing. The junction box shall be lo-

cated not less than 1.2 m (4 ft) from the inside wall of theto the conduit that extends directly to the underwater lumi-
naire (lighting fixture), the equipment grounding conductor pool, unless separated from the pool by a solid fence, wall,

or other permanent barrier.shall be permitted to terminate on grounding terminals on the
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680.24 Article 680 — Swimming Pools, Fountains, and Similar Installations

(F) Grounding The junction box, transformer enclosure,(c) Flush Deck Box. If used on a lighting system op-
erating at 15 volts or less, a flush deck box shall be permitted or other enclosure in the supply circuit to a wet-niche or

no-niche luminaire (lighting fixture) and the field-wiringif both of the following apply:
chamber of a dry-niche luminaire (lighting fixture) shall

(1) An approved potting compound is used to fill the box be grounded to the equipment grounding terminal of the
to prevent the entrance of moisture. panelboard. This terminal shall be directly connected to the

(2) The flush deck box is located not less than 1.2 m (4 ft) panelboard enclosure.
from the inside wall of the pool.

(B) Other Enclosures An enclosure for a transformer, The requirements in 680.24(A) through 680.24(F) cover the
ground-fault circuit interrupter, or a similar device connected construction and installation of boxes and enclosures associ-
to a conduit that extends directly to a forming shell or ated with underwater luminaires. Boxes and enclosures used
mounting bracket of a no-niche luminaire (fixture) shall for the supply wiring to wet-niche and no-niche underwater
meet the requirements of this section. luminaires must be listed for the purpose by a recognized

testing laboratory. The provisions of 680.24(D) ensure the(1) Construction The enclosure shall be listed and labeled
availability of integral grounding terminals necessary for thefor the purpose and meet the following requirements:
grounding and bonding of underwater luminaires. A box

(1) Equipped with threaded entries or hubs or a nonmetallic that is listed but not specifically for use with swimming
hub pools does not provide the correct number of integral ground-

(2) Comprised of copper, brass, suitable plastic, or other ing and bonding terminals. The number of grounding termi-
approved corrosion-resistant material nals in a box or enclosure is required to be one more than

(3) Provided with an approved seal, such as duct seal at the number of conduit entries for which the box is designed.
the conduit connection, that prevents circulation of air In an installation where nonmetallic conduit is the wir-
between the conduit and the enclosures ing method between the wet-niche forming shell and the

(4) Provided with electrical continuity between every con- deck (junction) box, a bonding jumper and an equipment
nected metal conduit and the grounding terminals by grounding conductor in that conduit must be terminated in
means of copper, brass, or other approved corrosion- the junction box. The bonding jumper is covered in
resistant metal that is integral with the box 680.23(B)(2)(b). The use of nonmetallic conduit requires

the installation of an insulated, copper bonding jumper in(2) Installation
that section of conduit between the deck box and the wet-(a) Vertical Spacing. The enclosure shall be located not
niche forming shell. This conductor can be solid or strandedless than 100 mm (4 in.), measured from the inside of the
and must not be smaller than 8 AWG. The function of thisbottom of the box, above the ground level, or pool deck, or
conductor is twofold. It permanently bonds all non–current-not less than 200 mm (8 in.) above the maximum pool water
carrying metal surfaces of the forming shell to any non–cur-level, whichever provides the greater elevation.
rent-carrying parts of the deck box and to the equipment(b) Horizontal Spacing. The enclosure shall be located
grounding conductor of the circuit that supplies the wet-not less than 1.2 m (4 ft) from the inside wall of the pool,
niche luminaire. Additionally, this conductor serves as theunless separated from the pool by a solid fence, wall, or
path for ground-fault current in the event of a ground faultother permanent barrier.
when the wet-niche luminaire is removed from the forming

(C) Protection Junction boxes and enclosures mounted shell, as is typically done during relamping. Damage to the
above the grade of the finished walkway around the pool wet-niche luminaire supply cord could result in this ground-
shall not be located in the walkway unless afforded additional fault scenario.
protection, such as by location under diving boards, adjacent The equipment grounding conductor is the one con-
to fixed structures, and the like. tained in the flexible cord supplying the wet-niche luminaire.

In accordance with 680.23(B)(3), this conductor is required(D) GroundingTerminals Junction boxes, transformer en-
to be insulated, copper, and sized no smaller than the circuitclosures, and ground-fault circuit-interrupter enclosures con-
conductors within the cord, but not smaller than 16 AWG.nected to a conduit that extends directly to a forming shell

In addition to the bonding jumper and equipmentor mounting bracket of a no-niche luminaire (fixture) shall
grounding conductor of the cord contained in the section ofbe provided with a number of grounding terminals that shall
nonmetallic conduit between the forming shell and the deckbe no fewer than one more than the number of conduit entries.
box, the wiring method from the deck box to the power

(E) Strain Relief The termination of a flexible cord of an source is also required to contain a separate equipment
underwater luminaire (lighting fixture) within a junction grounding conductor. This equipment grounding conductor
box, transformer enclosure, ground-fault circuit interrupter, is required by 680.23(F)(2) and must be insulated, copper,
or other enclosure shall be provided with a strain relief.
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680.26Article 680 — Swimming Pools, Fountains, and Similar Installations

and not smaller than 12 AWG. The grounding terminals grounding terminal of the applicable service equipment or
source of a separately derived system. For other than (1)within the deck (junction) box are used to terminate and

bond together all of conductors. existing feeders covered in 680.25(A), Exception, or (2)
feeders to separate buildings that do not utilize an insulatedExhibit 680.7 illustrates an installation of a forming

shell for a wet-niche luminaire and a flush junction (deck) equipment grounding conductor in accordance with
680.25(B)(2), this equipment grounding conductor shall bebox. (See Exhibit 680.1 for surface deck boxes.)
insulated.

(1) Size This conductor shall be sized in accordance with
250.122 but not smaller than 12 AWG. On separately derived
systems, this conductor shall be sized in accordance with
Table 250.66 but not smaller than 8 AWG.

(2) Separate Buildings A feeder to a separate building
or structure shall be permitted to supply swimming pool
equipment branch circuits, or feeders supplying swimming
pool equipment branch circuits, if the grounding arrange-
ments in the separate building meet the requirements in
250.32(B)(1). Where installed in other than existing feeders
covered in 680.25(A), Exception, a separate equipment
grounding conductor shall be an insulated conductor.

The insulated equipment grounding conductor can be alumi-
num or copper and is required to be installed in a raceway.
It should be understood that for an existing remote pan-
elboard, the 680.25(A) Exception permits an approved cable

Normal water
level

4 ft

Brass or nonmetallic conduit
or approved equivalent

18in. min. to
top of fixture lens

Metal forming shell
with wet-niche luminaire

Threaded 
conduit entry

Threaded conduit
entry

Rigid metal or
nonmetallic conduit

Flush deck box for lighting systems
15 V or less, filled with approved
potting compound

Deck
J

assembly with an insulated or covered aluminum or copper
equipment grounding conductor. See Exhibit 680.8.Exhibit 680.7 A flush junction (deck) box and a forming shell

for a wet-niche luminaire installed according to 680.24(A)(2). Swimming pool equipment supplied by a separately
derived system is covered in 680.25(B). Where a remote
panelboard supplying a pool is supplied by a separately

680.25 Feeders derived system, the rules covering the grounding conductor
apply only to the feeder between the separately derivedThese provisions shall apply to any feeder on the supply side
system and the panelboard, not all the way back to theof panelboards supplying branch circuits for pool equipment
service, which might be high voltage.covered in Part II of this article and on the load side of the

The general rule in 680.25(B) requires an equipmentservice equipment or the source of a separately derived
grounding conductor to be installed between a panelboardsystem.
serving swimming pool equipment and the service or the

(A) Wiring Methods Feeders shall be installed in rigid source of a separately derived system. Added in the 1999
metal conduit, intermediate metal conduit, liquidtight flexi- Code, 680.25(B)(2) allows pool equipment to be supplied
ble nonmetallic conduit, or rigid nonmetallic conduit. Elec- from a remote panelboard in a separate building where an
trical metallic tubing shall be permitted where installed on insulated equipment grounding conductor is installed with
or within a building, and electrical nonmetallic tubing shall the feeder circuit conductors run from the service (or derived
be permitted where installed within a building. system) to the panelboard and the installation complies with

250.32(B)(1). See Exhibit 680.9.
Exception: An existing feeder between an existing remote
panelboard and service equipment shall be permitted to run
in flexible metal conduit or an approved cable assembly that 680.26 Equipotential Bonding
includes an equipment grounding conductor within its outer

(A) Performance The equipotential bonding required bysheath. The equipment grounding conductor shall comply
this section shall be installed to eliminate voltage gradientswith 250.24(A)(5).
in the pool area as prescribed.

(B) Grounding An equipment grounding conductor shall FPN: The 8 AWG or larger solid copper bonding conduc-
be installed with the feeder conductors between the ground- tor shall not be required to be extended or attached to any

remote panelboard, service equipment, or any electrode.ing terminal of the pool equipment panelboard and the
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680.26 Article 680 — Swimming Pools, Fountains, and Similar Installations

Exhibit 680.8 An existing re-
mote panelboard supplying
new pool equipment. A race-
way is not required for this ap-
plication if the existing feeder
wiring method contains an in-
sulated or covered equipment
grounding conductor.

Existing remote
panelboard

Service

Existing cable
assembly or
flexible metal
conduit

Type UF
cable permitted
for general
purpose
receptacle

safely any current likely to be imposed.’’ As described in
680.26(A), the function of equipotential bonding differs from
the function of bonding to meet the requirements of Article
250 in that providing a path for ground fault current is not
the function of the equipotential bonding grid and associated
bonding conductors.

Creating an electrically safe environment in and around
permanently installed swimming pools requires the installa-
tion of a bonding system with the sole function of establish-
ing equal electrical potential (voltage) in the vicinity of the
swimming pool. A person who is immersed in a pool or
who is dripping wet, has a large amount of exposed skin,
and is lying or walking on a concrete deck is extremely
susceptible to any differences in electrical potential that may
be present in the pool area.

The primary purpose of bonding in and around swim-
ming pools is to ensure that voltage gradients in the pool
area are not present. The fine print note explains that the 8
AWG conductor’s only function is equipotential bonding to
eliminate the voltage gradient in the pool area.

The reason for connecting metal parts (ladders, hand-

Panelboard
in separate
structure

Insulated
equipment
grounding
conductor
run with
circuit
conductors

Feeder from
service

Grounding
electrode
conductor

rails, water-circulating equipment, forming shells, diving
boards, etc.) to a common bonding grid [pool reinforcingExhibit 680.9 Grounding requirements per 680.25(B)(2) for re-

mote panelboard and swimming pool equipment located in a steel, pool metal wall, or an alternative bonding grid as
structure remote from the service equipment. described in 680.26(C)(3)] is to ensure that all such metal

parts are at the same electrical potential. The grid reduces
It is important to understand the difference between the possible injurious or disabling shock hazards created by

stray currents in the ground or piping connected to the swim-terms bonding and grounding as they apply to Article 680.
As defined in Article 100, bonding is ‘‘the permanent joining ming pool. Stray currents can also exist in nonmetallic piping

because of the low resistivity of chlorinated water. See Ex-of metallic parts to form an electrically conductive path that
ensures electrical continuity and the capacity to conduct hibit 680.10.

2005 National Electrical Code Handbook998

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



680.26Article 680 — Swimming Pools, Fountains, and Similar Installations

conductive compound or another conductive material is not
available, provisions shall be made for an alternative means
to eliminate voltage gradients that would otherwise be pro-
vided by unencapsulated, bonded reinforcing steel.

Encapsulated reinforcing steel might not provide the conduc-
tivity necessary to establish the required common bonding
grid. A common bonding grid will not be formed if the steel
is effectively encapsulated by a listed compound during
installation and manufacturing. Therefore, a bonding con-
nection to the encapsulated reinforcing steel is not required
for this type of application. See Exhibit 680.12.

In Exhibit 680.13, the structural reinforcing steel serves
as the common bonding grid to which all metal appurte-
nances associated with the pool are connected. Safety-rope
hooks are not required to be bonded, as specified in
680.26(B)(3). The flush deck box meets the provisions of
680.24(A).

8 AWG solid copper
bonding conductor

Equipment grounding 
conductor run with supply
circuit from service
or feeder panelboard

(2) Underwater Lighting All metal forming shells and
Exhibit 680.10 Bonding in a swimming pool. mounting brackets of no-niche luminaires (fixtures) shall be

bonded unless a listed low-voltage lighting system with
nonmetallic forming shells not requiring bonding is used.(B) Bonded Parts The parts specified in 680.26(B)(1)

through (B)(5) shall be bonded together.
(3) Metal Fittings All metal fittings within or attached to
the pool structure shall be bonded. Isolated parts that are

The metal parts required to be bonded per 680.26(B) include not over 100 mm (4 in.) in any dimension and do not pene-
all metal parts of electrical equipment associated with the trate into the pool structure more than 25 mm (1 in.) shall
water-circulating system of the pool, all metal parts of the not require bonding.
pool structure, and all fixed metal parts, which include con-
duit and piping, metal door frames, and metal window (4) Electrical Equipment Metal parts of electrical equip-
frames, within 5 ft of the inside walls of the pool and not ment associated with the pool water circulating system, in-
separated by a permanent barrier. The bonding of these parts cluding pump motors and metal parts of equipment
does not mean they are required to be connected to each associated with pool covers, including electric motors, shall
other; rather, it means they are required to be connected to be bonded. Accessible metal parts of listed equipment incor-
a common bonding grid by using an insulated, covered, or porating an approved system of double insulation and pro-
bare solid copper conductor not smaller than 8 AWG or by viding a means for grounding internal nonaccessible,
using brass or other corrosion-resistant metal conduit. See non–current-carrying metal parts shall not be bonded by a
Exhibit 680.11. Connections are required to be made by direct connection to the equipotential bonding grid. The
exothermic welds or by listed pressure connectors, clamps, means for grounding internal nonaccessible, non–current
or other listed means, in accordance with 250.8. carrying metal parts shall be an equipment grounding con-

ductor run with the power-supply conductors in the case of
(1) Metallic Structural Components All metallic parts of motors supplied with a flexible cord, or a grounding terminal

in the case of motors intended for permanent connection.the pool structure, including the reinforcing metal of the
pool shell, coping stones, and deck, shall be bonded. The Where a double-insulated water-pump motor is installed

under the provisions of this rule, a solid 8 AWG copperusual steel tie wires shall be considered suitable for bonding
the reinforcing steel together, and welding or special clamp- conductor that is of sufficient length to make a bonding

connection to a replacement motor shall be extended froming shall not be required. These tie wires shall be made
tight. If reinforcing steel is effectively insulated by an encap- the bonding grid to an accessible point in the motor vicinity.

Where there is no connection between the swimming poolsulating nonconductive compound at the time of manufac-
ture and installation, it shall not be required to be bonded. bonding grid and the equipment grounding system for the

premises, this bonding conductor shall be connected to theWhere reinforcing steel of the pool shell or the reinforcing
steel of coping stones and deck is encapsulated with a non- equipment grounding conductor of the motor circuit.
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680.26 Article 680 — Swimming Pools, Fountains, and Similar Installations

Exhibit 680.11 A metal-
perimeter (e.g., steel or alumi-
num) pool with bolted or
welded sections. The metal pe-
rimeter serves as the common
bonding grid to which the metal
ladder, metal diving board, and
pump motor are connected.

Pump with filter
Service (or approved
remote) panelboard

Raceway with
equipment 
grounding
conductor

8 AWG 
bonding
conductor

Bolted metal perimeter
(vinyl liner)

8 AWG 
bonding
conductor

(1) Within 1.5 m (5 ft) horizontally of the inside walls of
the pool

(2) Within 3.7 m (12 ft) measured vertically above the
maximum water level of the pool, or any observation
stands, towers, or platforms, or any diving structures

(C) Equipotential Bonding Grid The parts specified in
680.26(B) shall be connected to an equipotential bonding
grid with a solid copper conductor, insulated, covered, or
bare, not smaller than 8 AWG or rigid metal conduit of
brass or other identified corrosion-resistant metal conduit.
Connection shall be made by exothermic welding or by
listed pressure connectors or clamps that are labeled as being
suitable for the purpose and are of stainless steel, brass,
copper, or copper alloy. The equipotential common bonding
grid shall extend under paved walking surfaces for 1 m (3
ft) horizontally beyond the inside walls of the pool and shall

Epoxy coating applied
by reinforcing
steel manufacturer

be permitted to be any of the following:

Exhibit 680.12 Epoxy-coated rebar, which does not require
bonding.

The requirements for creating the equipotential bonding grid
are substantially revised in the 2005 Code. First, the use of

(5) Metal Wiring Methods and Equipment Metal- an 8 AWG, solid copper conductor or brass rigid metal
sheathed cables and raceways, metal piping, and all fixed conduit as the equipotential bonding grid is no longer recog-
metal parts that are within the following distances of the nized. This change precludes, for example, the use of an 8
pool, except those separated from the pool by a permanent AWG solid copper conductor encircling the pool perimeter
barrier, shall be bonded. as an equipotential bonding grid. The 8 AWG conductor

and/or the metal conduit can be used as the method for
connecting electrical and nonelectrical equipment to theExamples of fixed metal parts bound by this requirement

include metal fences, metal awnings, metal door frames, and bonding grid. Exhibit 680.14 illustrates the use of brass rigid
metal conduit or other corrosion-resistant metal conduit asmetal window frames.
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680.26Article 680 — Swimming Pools, Fountains, and Similar Installations

Exhibit 680.13 A poured-con-
crete pool with structural rein-
forcing steel that serves as the
common bonding grid.

Metal safety rope hook
(no bonding)

Flush deck box for listed
low-voltage lighting system

8 AWG bonding conductor

Reinforcing steel
in wall of pool

Wet-niche fixture
(less than 15 V)

To panelboard

a means to connect electrical equipment, such as the forming
shell of a wet niche luminaire, to a common bonding grid
comprised of the pool reinforcing steel.

The second change regarding the types of permitted
equipotential bonding grids is the recognition of a field-
fabricated bonding structure that can be employed in the
absence of structural reinforcing steel (which could be a
result of nonconductive encapsulation) or bolted or welded
metal pool walls. This ‘‘alternate means’’ as described in
680.26(C)(3) is required to ‘‘cover the contour’’ of the pool.
What that means is that the field-fabricated bonding grid
has to cover the entire outside outline of the pool structure,
as would be the case with reinforcing steel or with bolted
or welded metal walls. In addition to covering the pool
contour, the bonding grid is required to extend horizontally
into the deck area for not less than 3 ft. This 3-ft horizontal
extension for the pool deck is required for all pool installa-
tions, including those with exposed reinforcing steel and

nforcing
steel

boxbobbbbbbbbk bk bk bk bk k k k k k k ckckckckckckckckckckcececececececececDec

Brass
conduit
bonded to
rebar

Wet-nichcchhhhheeeeee
fixture

those with bolted or metal walls (see Exhibit 680.14).
Exhibit 680.14 Brass rigid metal conduit used as a means to
connect electrical equipment to the common bonding grid.(1) Structural Reinforcing Steel. The structural reinforcing

steel of a concrete pool where the reinforcing rods are
bonded together by the usual steel tie wires or the
equivalent at all points of crossing. Connections shall be made

(2) Bolted or Welded Metal Pools. The wall of a bolted or as required by 680.26(D).
welded metal pool b. Grid Structure. The equipotential bonding grid shall

(3) Alternate Means. This system shall be permitted to be cover the contour of the pool and the pool deck
constructed as specified in (a) through (c): extending 1 m (3 ft) horizontally from the inside

walls of the pool. The equipotential bonding grida. Materials and Connections. The grid shall be con-
structed of minimum 8 AWG bare solid copper con- shall be arranged in a 300 mm (12 in.) by 300 mm

(12 in.) network of conductors in a uniformly spacedductors. Conductors shall be bonded to each other
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680.27 Article 680 — Swimming Pools, Fountains, and Similar Installations

perpendicular grid pattern with tolerance of 100 mm garding bonding and grounding, only those parts designated
to be bonded shall be bonded and only those parts designated(4 in.).

c. Securing. The below-grade grid shall be secured to be grounded shall be grounded.
within or under the pool and deck media.

680.27 Specialized Pool Equipment
(D) Connections Where structural reinforcing steel or the

(A) Underwater Audio Equipment All underwater audiowalls of bolted or welded metal pool structures are used as
equipment shall be identified for the purpose.an equipotential bonding grid for nonelectrical parts, the

connections shall be made in accordance with 250.8. (1) Speakers Each speaker shall be mounted in an ap-
proved metal forming shell, the front of which is enclosed

As specified in 250.8 for the grounding and bonding connec- by a captive metal screen, or equivalent, that is bonded to,
tions required by Article 250, exothermic welding, pressure and secured to, the forming shell by a positive locking device
connectors and clamps specifically listed for the purpose, and that ensures a low-resistance contact and requires a tool to
other listed means are permitted as the method of connecting open for installation or servicing of the speaker. The forming
swimming pool bonding conductors to a common bonding shell shall be installed in a recess in the wall or floor of the
grid. Connections in pool areas must be suitable for wet pool.
conditions and high levels of chlorine. High concentrations

(2) Wiring Methods Rigid metal conduit or intermediateof chlorine in swimming pool water make the wet locations
metal conduit of brass or other identified corrosion-resistantin the vicinity of swimming pool areas (including many pool
metal, liquidtight flexible nonmetallic conduit (LFNC-B),pump rooms) a corrosive environment. The integrity of the
or rigid nonmetallic conduit shall extend from the formingbonding connections should be periodically inspected, par-
shell to a listed junction box or other enclosure as providedticularly those bonding connections between the 8 AWG
in 680.24. Where rigid nonmetallic conduit or liquidtightcopper conductor and, for instance, an aluminum (or other
flexible nonmetallic conduit is used, an 8 AWG insulateddissimilar metal) ladder.
solid or stranded copper bonding jumper shall be installedSee Exhibit 680.15 for an illustration of two acceptable
in this conduit. The bonding jumper shall be terminated inmethods of making swimming pool bonding connections.
the forming shell and the junction box. The termination of
the 8 AWG bonding jumper in the forming shell shall be
covered with, or encapsulated in, a listed potting compound
to protect such connection from the possible deteriorating
effect of pool water.

(3) Forming Shell and Metal Screen The forming shell
and metal screen shall be of brass or other approved corro-
sion-resistant metal. All forming shells shall include provis-
ions for terminating an 8 AWG copper conductor.

(B) Electrically Operated Pool Covers

(1) Motors and Controllers The electric motors, control-
lers, and wiring shall be located not less than 1.5 m (5 ft)
from the inside wall of the pool unless separated from the
pool by a wall, cover, or other permanent barrier. Electric
motors installed below grade level shall be of the totally
enclosed type. The device that controls the operation of the
motor for an electrically operated pool cover shall be located
such that the operator has full view of the pool.

FPN No. 1: For cabinets installed in damp and wet loca-
tions, see 312.2(A).
FPN No. 2: For switches or circuit breakers installed in

Exothermic welding

Pressure
connector 
or clamp

8 AWG solid Cu
bonding conductor

Pool reinforcing steel

wet locations, see 404.4.
FPN No. 3: For protection against liquids, see 430.11.Exhibit 680.15 Bonding connections in a swimming pool.

(2) Protection The electric motor and controller shall be
connected to a circuit protected by a ground-fault circuit(E) Pool Water Heaters For pool water heaters rated at

more than 50 amperes and having specific instructions re- interrupter.
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680.33Article 680 — Swimming Pools, Fountains, and Similar Installations

(C) Deck Area Heating These provisions of this section
shall apply to all pool deck areas, including a covered pool,
where electrically operated comfort heating units are in-
stalled within 6.0 m (20 ft) of the inside wall of the pool.

(1) Unit Heaters Unit heaters shall be rigidly mounted to
the structure and shall be of the totally enclosed or guarded
types. Unit heaters shall not be mounted over the pool or
within the area extending 1.5 m (5 ft) horizontally from the
inside walls of a pool.

(2) PermanentlyWired Radiant Heaters Radiant electric
heaters shall be suitably guarded and securely fastened to

GFCI protection
required

3-wire cord

No bonding
required

Pool filter pump
(double-insulated)

Storable swimming pool

42 in.
max.
water level

their mounting device(s). Heaters shall not be installed over
a pool or within the area extending 1.5 m (5 ft) horizontally

Exhibit 680.16 The requirements for a storable-type pool. Metalfrom the inside walls of the pool and shall be mounted at
appurtenances are not required to be bonded. The 3-wire cordleast 3.7 m (12 ft) vertically above the pool deck unless
may be longer than 3 ft (listed filter pumps are equipped with

otherwise approved. cords 25 ft long). The receptacle shown can be a GFCI-type
receptacle, a receptacle supplied through a GFCI-type recepta-(3) Radiant Heating Cables Not Permitted Radiant heat-
cle, or a receptacle protected by a GFCI-type circuit breaker. The

ing cables embedded in or below the deck shall not be water depth restriction of 42 in. does not apply to inflatable swim-
permitted. ming pools.

Only unit heaters and permanently connected radiant heaters
are permitted in the area that extends 5 ft to 20 ft horizontally

and nonaccessible non–current-carrying metal parts of thefrom the inside walls of a pool. Radiant heat cables embed-
appliance.ded in the deck are not permitted.

The means for grounding shall be an equipment ground-
ing conductor run with the power-supply conductors in the
flexible cord that is properly terminated in a grounding-typeIII. Storable Pools
attachment plug having a fixed grounding contact member.

680.30 General
Electrical installations at storable pools shall comply with 680.32 Ground-Fault Circuit
the provisions of Part I and Part III of this article. Interrupters Required

All electrical equipment, including power-supply cords, used
Storable pools can be readily disassembled and are limited with storable pools shall be protected by ground-fault circuit
(other than inflatable type) to a maximum water depth of interrupters.
42 in. Pools of any dimension with inflatable walls are All 125-volt receptacles located within 6.0 m (20 ft) of
considered storable. See the definition of storable swimming the inside walls of a storable pool shall be protected by a
or wading pool in 680.2. This type of pool and its associated ground-fault circuit interrupter. In determining these dimen-
equipment do not require bonding conductors. However, the sions, the distance to be measured shall be the shortest path
filter pump must be double insulated, and the provision the supply cord of an appliance connected to the receptacle
of grounding means consisting of an equipment grounding would follow without piercing a floor, wall, ceiling, doorway
conductor that is an integral part of the flexible cord also with hinged or sliding door, window opening, or other effec-
is required. There are portable filter pumps for use with tive permanent barrier.
storable pools listed by Underwriters Laboratories. All elec-

FPN: For flexible cord usage, see 400.4.trical equipment used with a storable pool is required to have
GFCI protection for personnel. Exhibit 680.16 illustrates the
requirements for a storable-type pool. 680.33 Luminaires (Lighting Fixtures)

An underwater luminaire (lighting fixture), if installed, shall
be installed in or on the wall of the storable pool. It shall680.31 Pumps
comply with either 680.33(A) or 680.33(B).

A cord-connected pool filter pump shall incorporate an ap-
proved system of double insulation or its equivalent and (A) 15 Volts or Less A luminaire (lighting fixture) shall

be part of a cord-and-plug-connected lighting assembly. Thisshall be provided with means for grounding only the internal
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680.34 Article 680 — Swimming Pools, Fountains, and Similar Installations

assembly shall be listed as an assembly for the purpose and hot tub. This requirement shall not apply to single-family
dwellings.have the following construction features:

(1) No exposed metal parts
The provisions of 680.41 require a local disconnecting de-(2) A luminaire (fixture) lamp that operates at 15 volts or
vice for spas and hot tubs that is capable of being usedless
in an emergency. This requirement was added to address(3) An impact-resistant polymeric lens, luminaire (fixture)
entrapment hazards associated with spas and hot tubs. Thebody, and transformer enclosure
definitive publication on this issue, Guideline for Entrap-(4) A transformer meeting the requirements of
ment Hazards: Making Pools and Spas Safer (Pub. No.680.23(A)(2) with a primary rating not over 150 volts
363), is available from the U.S. Consumer Product Safety

(B) Over 15 Volts But Not Over 150 Volts A lighting Commission, Washington, DC 20207, or on-line at
assembly without a transformer and with the luminaire (fix- www.cpsc.gov.
ture) lamp(s) operating at not over 150 volts shall be permit- The emergency shutoff switch must be installed within
ted to be cord-and-plug connected where the assembly is sight of and at least 5 ft from the spa or hot tub and must
listed as an assembly for the purpose. The installation shall be clearly labeled ‘‘Emergency Shutoff.’’ See Exhibit 680.17
comply with 680.23(A)(5), and the assembly shall have the for an illustration of the switch location. The shutoff switch
following construction features: can be either a line-operated device or a remote-control

circuit that causes the pump circuit to open. This requirement(1) No exposed metal parts
does not apply to one-family dwellings.(2) An impact-resistant polymeric lens and luminaire (fix-

ture) body
(3) A ground-fault circuit interrupter with open neutral pro- 680.42 Outdoor Installations

tection as an integral part of the assembly
A spa or hot tub installed outdoors shall comply with the(4) The luminaire (fixture) lamp permanently connected to
provisions of Parts I and II of this article, except as permittedthe ground-fault circuit interrupter with open-neutral
in 680.42(A) and 680.42(B), that would otherwise apply toprotection
pools installed outdoors.(5) Compliance with the requirements of 680.23(A)

(A) Flexible Connections Listed packaged spa or hot tub
equipment assemblies or self-contained spas or hot tubsThis requirement permits lighting fixtures to be installed in

or on storable pools. These cord-and-plug-connected fixtures utilizing a factory-installed or assembled control panel or
panelboard shall be permitted to use flexible connections asare required to be listed as an assembly.
covered in 680.42(A)(1) and (A)(2).

(1) Flexible Conduit Liquidtight flexible metal conduit or680.34 Receptacle Locations
liquidtight flexible nonmetallic conduit shall be permittedReceptacles shall not be less than 3.0 m (10 ft) from the
in lengths of not more than 1.8 m (6 ft).inside walls of a pool. In determining these dimensions, the

distance to be measured shall be the shortest path the supply
The use of liquidtight flexible metal or nonmetallic conduitcord of an appliance connected to the receptacle would fol-
is permitted by 680.41(A)(1). This modifies the requirementslow without piercing a floor, wall, ceiling, doorway with
for wiring methods in 680.25(A).hinged or sliding door, window opening, or other effective

permanent barrier.

(2) Cord-and-Plug Connections Cord-and-plug connec-IV. Spas and Hot Tubs
tions with a cord not longer than 4.6 m (15 ft) shall be

680.40 General permitted where protected by a ground-fault circuit
interrupter.Electrical installations at spas and hot tubs shall comply

with the provisions of Part I and Part IV of this article.
(B) Bonding Bonding by metal-to-metal mounting on a
common frame or base shall be permitted. The metal bands680.41 Emergency Switch for Spas andHotTubs
or hoops used to secure wooden staves shall not be required

A clearly labeled emergency shutoff or control switch for to be bonded as required in 680.26.
the purpose of stopping the motor(s) that provide power to
the recirculation system and jet system shall be installed at (C) Interior Wiring to Outdoor Installations In the inte-

rior of a one-family dwelling or in the interior of anothera point readily accessible to the users and not less than 1.5
m (5 ft) away, adjacent to, and within sight of the spa or building or structure associated with a one-family dwelling,

2005 National Electrical Code Handbook1004

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



680.43Article 680 — Swimming Pools, Fountains, and Similar Installations

Exhibit 680.17 Location of
the emergency shutoff device
required by 680.41.

5  ft min. – 50  ft max.
and within sight

Spa or hot tub

Switch labeled as
emergency shutoff

(4) Measurements In determining the dimensions in thisany of the wiring methods recognized in Chapter 3 of this
Code that contain a copper equipment grounding conductor section addressing receptacle spacings, the distance to be

measured shall be the shortest path the supply cord of anthat is insulated or enclosed within the outer sheath of the
wiring method and not smaller than 12 AWG shall be permit- appliance connected to the receptacle would follow without

piercing a floor, wall, ceiling, doorway with hinged or slidingted to be used for the connection to motor, heating, and
control loads that are part of a self-contained spa or hot tub door, window opening, or other effective permanent barrier.
or a packaged spa or hot tub equipment assembly. Wiring
to an underwater light shall comply with 680.23 or 680.33. (B) Installation of Luminaires (Lighting Fixtures),

Lighting Outlets, and Ceiling-Suspended (Paddle) Fans
680.43 Indoor Installations

(1) Elevation Luminaires (lighting fixtures), except as cov-A spa or hot tub installed indoors shall comply with the
ered in 680.43(B)(2), lighting outlets, and ceiling-suspendedprovisions of Parts I and II of this article except as modified
(paddle) fans located over the spa or hot tub or within 1.5by this section and shall be connected by the wiring methods
m (5 ft) from the inside walls of the spa or hot tub shallof Chapter 3.
comply with the clearances specified in (B)(1)(a), (B)(1)(b),

Exception: Listed spa and hot tub packaged units rated and (B)(1)(c) above the maximum water level.
20 amperes or less shall be permitted to be cord-and-plug

(a) Without GFCI. Where no GFCI protection is pro-connected to facilitate the removal or disconnection of the
vided, the mounting height shall be not less than 3.7 m (12 ft).unit for maintenance and repair.

(b) With GFCI. Where GFCI protection is provided,
(A) Receptacles At least one 125-volt, 15- or 20-ampere the mounting height shall be permitted to be not less than
receptacle on a general-purpose branch circuit shall be lo- 2.3 m (7 ft 6 in.).
cated not less than 1.5 m (5 ft) from, and not exceeding 3.0 (c) Below 2.3 m (7 ft 6 in.). Luminaires (lighting fix-
m (10 ft) from, the inside wall of the spa or hot tub. tures) meeting the requirements of item (1) or (2) and pro-

tected by a ground-fault circuit interrupter shall be permitted(1) Location Receptacles shall be located at least 1.5 m (5
to be installed less than 2.3 m (7 ft 6 in.) over a spa or hotft) measured horizontally from the inside walls of the spa
tub:or hot tub.

(2) Protection, General Receptacles rated 125 volts and
(1) Recessed luminaires (fixtures) with a glass or plastic

30 amperes or less and located within 3.0 m (10 ft) of the
lens, nonmetallic or electrically isolated metal trim, and

inside walls of a spa or hot tub shall be protected by a
suitable for use in damp locations

ground-fault circuit interrupter.
(2) Surface-mounted luminaires (fixtures) with a glass or

plastic globe, a nonmetallic body, or a metallic body(3) Protection, Spa or Hot Tub Supply Receptacle Re-
ceptacles that provide power for a spa or hot tub shall be isolated from contact, and suitable for use in damp

locationsground-fault circuit-interrupter protected.
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680.44 Article 680 — Swimming Pools, Fountains, and Similar Installations

(2) Underwater Applications Underwater luminaires Listed packaged units are permitted to be cord
(lighting fixtures) shall comply with the provisions of 680.23 connected.
or 680.33.

(C) Wall Switches Switches shall be located at least 1.5
(E) Methods of Bonding All metal parts associated withm (5 ft), measured horizontally, from the inside walls of the
the spa or hot tub shall be bonded by any of the followingspa or hot tub.
methods:

Receptacles, wall switches, and electrical devices and con- (1) The interconnection of threaded metal piping and
trols not associated with a spa or hot tub are required to be fittings
located at least 5 ft from the inside wall of the spa or hot (2) Metal-to-metal mounting on a common frame or base
tub. Receptacles within 10 ft are required to be protected (3) The provisions of a copper bonding jumper, insulated,
by a GFCI. Receptacles supplying power to a spa or hot tub covered, or bare, not smaller than 8 AWG solid.
are also required to be protected by a GFCI unless the unit
is a listed package unit with integral GFCI protection. (F) Grounding The following equipment shall be

Lighting fixtures, lighting outlets, and ceiling-sus- grounded:
pended (paddle) fans located less than 12 ft over a spa or

(1) All electric equipment located within 1.5 m (5 ft) ofhot tub and within 5 ft horizontally from the inside walls
the inside wall of the spa or hot tubof the spa or hot tub are required to be protected by a GFCI.

(2) All electric equipment associated with the circulating
system of the spa or hot tub

(D) Bonding The following parts shall be bonded together:

(G) Underwater Audio Equipment Underwater audio(1) All metal fittings within or attached to the spa or hot
equipment shall comply with the provisions of Part II oftub structure
this article.(2) Metal parts of electrical equipment associated with the

spa or hot tub water circulating system, including pump
motors 680.44 Protection

(3) Metal conduit and metal piping that are within 1.5 m Except as otherwise provided in this section, the outlet(s)
(5 ft) of the inside walls of the spa or hot tub and that that supplies a self-contained spa or hot tub, a packaged spa
are not separated from the spa or hot tub by a permanent or hot tub equipment assembly, or a field-assembled spa or
barrier hot tub shall be protected by a ground-fault circuit

(4) All metal surfaces that are within 1.5 m (5 ft) of the interrupter.
inside walls of the spa or hot tub and that are not
separated from the spa or hot tub area by a permanent

The requirements of 680.44 specify that field-assembledbarrier
spas and hot tubs with heater loads of 50 amperes or less

Exception: Small conductive surfaces not likely to become are to be GFCI protected. Spas and hot tubs utilizing voltages
energized, such as air and water jets and drain fittings, over 250 volts or 3-phase power are not required to have
where not connected to metallic piping, towel bars, mirror GFCI protection because GFCI devices are not available in
frames, and similar nonelectrical equipment, shall not be all voltage, amperage, and phasing arrangements. Combina-
required to be bonded. tion spa-pool or hot tub–pool arrangements are not required
(5) Electrical devices and controls that are not associated to have GFCI protection if they share a common bonding

with the spas or hot tubs and that are located not less grid.
than 1.5 m (5 ft) from such units; otherwise they shall
be bonded to the spa or hot tub system

(A) Listed Units If so marked, a listed self-contained unit
or listed packaged equipment assembly that includes integralBonding and grounding requirements are similar to those in
ground-fault circuit-interrupter protection for all electricalParts I and II of Article 680, except that metal-to-metal
parts within the unit or assembly (pumps, air blowers, heat-mounting on a common frame or base is an acceptable
ers, lights, controls, sanitizer generators, wiring, and so forth)bonding method.
shall be permitted without additional GFCI protection.Small conductive surfaces such as air and water jets,

drain fittings, and towel bars are not required to be bonded.
(B) Other Units A field assembled spa or hot tub rated 3See 680.43(D)(4), Exception.
phase or rated over 250 volts or with a heater load of more
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680.52Article 680 — Swimming Pools, Fountains, and Similar Installations

(D) Overheating Protection Electrical equipment that de-than 50 amperes shall not require the supply to be protected
by a ground-fault circuit interrupter. pends on submersion for safe operation shall be protected

against overheating by a low-water cutoff or other approved
(C) Combination Pool and Spa or Hot Tub A combina- means when not submerged.
tion pool/hot tub or spa assembly commonly bonded need
not be protected by a ground-fault circuit interrupter. (E) Wiring Equipment shall be equipped with provisions

for threaded conduit entries or be provided with a suitable
FPN: See 680.2 for definitions of self-contained spa or

flexible cord. The maximum length of exposed cord in thehot tub and for packaged spa or hot tub equipment
fountain shall be limited to 3.0 m (10 ft). Cords extendingassembly.
beyond the fountain perimeter shall be enclosed in approved
wiring enclosures. Metal parts of equipment in contact withV. Fountains
water shall be of brass or other approved corrosion-resistant
metal.Part V applies to permanently installed decorative fountains

and reflecting pools in the ground, partially in the ground, (F) Servicing All equipment shall be removable from the
or in a building. These units are primarily for aesthetic value water for relamping or normal maintenance. Luminaires (fix-
and are not intended for swimming or wading. tures) shall not be permanently embedded into the fountain

Part V does not cover installations in natural lakes, structure such that the water level must be reduced or the
rivers, or ponds. Such installations are covered by the re- fountain drained for relamping, maintenance, or inspection.
quirements of new Article 682, Natural and Artificially Made
Bodies of Water. (G) Stability Equipment shall be inherently stable or be

securely fastened in place.

680.50 General
680.52 Junction Boxes and Other Enclosures

The provisions of Part I and Part V of this article shall apply
(A) General Junction boxes and other enclosures used forto all permanently installed fountains as defined in 680.2.
other than underwater installation shall comply with 680.24.Fountains that have water common to a pool shall addition-

ally comply with the requirements in Part II of this article. (B) Underwater Junction Boxes and Other Underwater
Part V does not cover self-contained, portable fountains not Enclosures Junction boxes and other underwater enclosures
larger than 1.5 m (5 ft) in any dimension. Portable fountains shall meet the requirements of 680.52(B)(1) and (B)(2).
shall comply with Parts II and III of Article 422.

(1) Construction
680.51 Luminaires (Lighting Fixtures), (a) Underwater enclosures shall be equipped with pro-
Submersible Pumps, and Other visions for threaded conduit entries or compression glands
Submersible Equipment or seals for cord entry.

(b) Underwater enclosures shall be submersible and
(A) Ground-Fault Circuit Interrupter Luminaires (light- made of copper, brass, or other approved corrosion-resistant
ing fixtures), submersible pumps, and other submersible material.
equipment, unless listed for operation at 15 volts or less and
supplied by a transformer that complies with 680.23(A)(2), (2) Installation Underwater enclosure installations shall
shall be protected by a ground-fault circuit interrupter. comply with (a) and (b).

(a) Underwater enclosures shall be filled with an ap-(B) Operating Voltage No luminaires (lighting fixtures)
proved potting compound to prevent the entry of moisture.shall be installed for operation on supply circuits over 150

volts between conductors. Submersible pumps and other (b) Underwater enclosures shall be firmly attached to
submersible equipment shall operate at 300 volts or less the supports or directly to the fountain surface and bonded
between conductors. as required. Where the junction box is supported only by

the conduit, the conduit shall be of copper, brass, stainless
(C) Luminaire (Lighting Fixture) Lenses Luminaires steel, or other approved corrosion-resistant metal. Where the
(lighting fixtures) shall be installed with the top of the lumi- box is fed by nonmetallic conduit, it shall have additional
naire (fixture) lens below the normal water level of the supports and fasteners of copper, brass, or other approved
fountain unless listed for above-water locations. A luminaire corrosion-resistant material.
(lighting fixture) facing upward shall have the lens ade-

FPN: See 314.23 for support of enclosures.quately guarded to prevent contact by any person.
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680.53 Article 680 — Swimming Pools, Fountains, and Similar Installations

680.53 Bonding 680.57 Signs
All metal piping systems associated with the fountain shall (A) General This section covers electric signs installed

within a fountain or within 3.0 m (10 ft) of the fountainbe bonded to the equipment grounding conductor of the
branch circuit supplying the fountain. edge.

FPN: See 250.122 for sizing of these conductors. (B) Ground-Fault Circuit-Interrupter Protection for
Personnel All circuits supplying the sign shall have ground-

680.54 Grounding fault circuit-interrupter protection for personnel.
The following equipment shall be grounded:

(C) Location
(1) All electrical equipment located within the fountain or

(1) Fixed or Stationary A fixed or stationary electric sign
within 1.5 m (5 ft) of the inside wall of the fountain

installed within a fountain shall be not less than 1.5 m (5
(2) All electrical equipment associated with the recirculat-

ft) inside the fountain measured from the outside edges of
ing system of the fountain

the fountain.
(3) Panelboards that are not part of the service equipment

and that supply any electrical equipment associated with (2) Portable A portable electric sign shall not be placed
the fountain within a pool or fountain or within 1.5 m (5 ft) measured

horizontally from the inside walls of the fountain.
680.55 Methods of Grounding

(D) Disconnect A sign shall have a local disconnecting(A) Applied Provisions The provisions of 680.21(A),
means in accordance with 600.6 and 680.12.680.23(B)(3), 680.23(F)(1) and (F)(2), 680.24(F), and

680.25 shall apply.
(E) Bonding and Grounding A sign shall be grounded
and bonded in accordance with 600.7.(B) Supplied by a Flexible Cord Electrical equipment that

is supplied by a flexible cord shall have all exposed non–cur-
rent-carrying metal parts grounded by an insulated copper The use of electric signs in fountains has become increas-
equipment grounding conductor that is an integral part of ingly popular. The requirements for electric signs in foun-
this cord. The grounding conductor shall be connected to a tains were added for the 1999 Code. Signs in fountains were
grounding terminal in the supply junction box, transformer previously addressed by Article 600, and fountains were
enclosure, or other enclosure. addressed by Article 680. Now 680.57 combines the require-

ments into a one location. Electric signs in fountains are
680.56 Cord-and-Plug-Connected Equipment required to have GFCI protection for personnel. This protec-

tion may be provided in the feeder or branch circuit. To(A) Ground-Fault Circuit Interrupter All electrical
prevent contact by persons around the fountain, the signequipment, including power-supply cords, shall be protected
must be at least 5 ft from the edge of the fountain (seeby ground-fault circuit interrupters.
Exhibit 680.18). Disconnecting and bonding requirements

(B) Cord Type Flexible cord immersed in or exposed to in Article 600 apply, and grounding must be provided in
water shall be of a type for extra-hard usage, as designated accordance with Article 250.
in Table 400.4, and shall be a listed type with a ‘‘W’’ suffix.

(C) Sealing The end of the flexible cord jacket and the 680.58 GFCI Protection for Adjacent
flexible cord conductor termination within equipment shall Receptacle Outlets
be covered with, or encapsulated in, a suitable potting com-

All 15- or 20-ampere, single-phase 125-volt through 250-pound to prevent the entry of water into the equipment
volt receptacles located within 6.0 m (20 ft) of a fountainthrough the cord or its conductors. In addition, the ground
edge shall be provided with GFCI protection.connection within equipment shall be similarly treated to

protect such connections from the deteriorating effect of
VI. Pools and Tubs for Therapeutic Usewater that may enter into the equipment.

(D) Terminations Connections with flexible cord shall be Part VI recognizes therapeutic equipment in other locations,
permanent, except that grounding-type attachment plugs and such as athletic training rooms and health care facilities,
receptacles shall be permitted to facilitate removal or discon- where conditions of use are the same or similar. Portable
nection for maintenance, repair, or storage of fixed or station- therapeutic appliances, which are covered by the provisions
ary equipment not located in any water-containing part of of Article 422, are required to provide protection from elec-
a fountain.
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680.62Article 680 — Swimming Pools, Fountains, and Similar Installations

680.62 Therapeutic Tubs (Hydrotherapeutic
Tanks)
Therapeutic tubs, used for the submersion and treatment of
patients, that are not easily moved from one place to another
in normal use or that are fastened or otherwise secured at
a specific location, including associated piping systems, shall
conform to this part.

(A) Protection Except as otherwise provided in this sec-
tion, the outlet(s) that supplies a self-contained therapeutic
tub or hydrotherapeutic tank, a packaged therapeutic tub or
hydrotherapeutic tank, or a field-assembled therapeutic tub

NEC® 

Article 680

GFCI
protection
required

5 ft
 min.

or hydrotherapeutic tank shall be protected by a ground-
fault circuit interrupter.

Exhibit 680.18 Electric sign located in a fountain as described
(1) Listed Units If so marked, a listed self-contained unitin 680.57.
or listed packaged equipment assembly that includes integral
ground-fault circuit-interrupter protection for all electrical
parts within the unit or assembly (pumps, air blowers, heat-trocution while in the on or off position. The device used
ers, lights, controls, sanitizer generators, wiring, and so forth)is an immersion-detection circuit interrupter (IDCI).
shall be permitted without additional GFCI protection.Permanently installed therapeutic pools that cannot be

readily disassembled are required to comply with Parts I (2) Other Units A therapeutic tub or hydrotherapeutic tank
and II of Article 680. The limitations regarding lighting rated 3 phase or rated over 250 volts or with a heater load
fixtures over and around a swimming pool do not apply to of more than 50 amperes shall not require the supply to be
therapeutic pools and tubs. The lighting fixtures in the tub protected by a ground-fault circuit interrupter.
area are required to be totally enclosed. Therapeutic tubs
that cannot easily be moved are subject to the same basic

The requirements in 680.62(A)(2) for large therapeutic tanksrequirements.
and therapeutic tubs are similar to the requirements for largeBonding and grounding requirements are similar to
hot tubs and spas. Large field-assembled therapeutic tubsthose in Parts I and II of Article 680, except that metal-to-
are not required to have GFCI protection in their electricalmetal mounting on a common frame or base is permitted.
supply when the heater load is over 50 amperes.Where equipment is connected by a flexible cord, the equip-

ment grounding conductor is required to be connected to a
fixed metal part of the assembly. (B) Bonding The following parts shall be bonded together:

(1) All metal fittings within or attached to the tub structure
(2) Metal parts of electrical equipment associated with the

680.60 General tub water circulating system, including pump motors
The provisions of Part I and Part VI of this article shall (3) Metal-sheathed cables and raceways and metal piping
apply to pools and tubs for therapeutic use in health care that are within 1.5 m (5 ft) of the inside walls of the
facilities, gymnasiums, athletic training rooms, and similar tub and not separated from the tub by a permanent
areas. Portable therapeutic appliances shall comply with barrier
Parts II and III of Article 422. (4) All metal surfaces that are within 1.5 m (5 ft) of the

inside walls of the tub and not separated from the tub
FPN: See 517.2 for definition of health care facilities. area by a permanent barrier

(5) Electrical devices and controls that are not associated
680.61 Permanently Installed Therapeutic Pools with the therapeutic tubs and located within 1.5 m (5

ft) from such units.Therapeutic pools that are constructed in the ground, on the
ground, or in a building in such a manner that the pool (C) Methods of Bonding All metal parts required to be
cannot be readily disassembled shall comply with Parts I bonded by this section shall be bonded by any of the follow-
and II of this article. ing methods:

Exception: The limitations of 680.22(B)(1) through (B)(4) (1) The interconnection of threaded metal piping and
fittingsshall not apply where all luminaires (lighting fixtures) are

of the totally enclosed type. (2) Metal-to-metal mounting on a common frame or base
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680.70 Article 680 — Swimming Pools, Fountains, and Similar Installations

(3) Connections by suitable metal clamps be installed in accordance with the requirements of Chapters
1 through 4 in this Code covering the installation of that(4) By the provisions of a solid copper bonding jumper,

insulated, covered, or bare, not smaller than 8 AWG equipment in bathrooms.

(D) Grounding 680.73 Accessibility
(1) Fixed or Stationary Equipment The equipment speci- Hydromassage bathtub electrical equipment shall be accessi-
fied in (D)(1)(a) and (D)(1)(b) shall be grounded. ble without damaging the building structure or building

finish.(a) Location. All electrical equipment located within
1.5 m (5 ft) of the inside wall of the tub shall be grounded

(b) Circulation System. All electrical equipment associ- This section requires access to electrical equipment associ-
ated with the circulating system of the tub shall be grounded. ated with the hydromassage tub. Building codes and plumb-

ing codes might not require access to this equipment. This
(2) Portable Equipment Portable therapeutic appliances

requirement is intended to ensure that the electrical equip-
shall meet the grounding requirements in 250.114.

ment associated with hydromassage bathtubs can be accessed
for maintenance and repair without damaging the finish or(E) Receptacles All receptacles within 1.5 m (5 ft) of a
structure of the building. The access may be either an integraltherapeutic tub shall be protected by a ground-fault circuit
part of the tub or one that is provided in the finish thatinterrupter.
encloses the tub. See Exhibit 680.19.

(F) Luminaires (Lighting Fixtures) All luminaires (light-
ing fixtures) used in therapeutic tub areas shall be of the
totally enclosed type.

VII. Hydromassage Bathtubs
680.70 General
Hydromassage bathtubs as defined in 680.2 shall comply
with Part VII of this article. They shall not be required to
comply with other parts of this article.

680.71 Protection
Hydromassage bathtubs and their associated electrical com-
ponents shall be protected by a ground-fault circuit inter-
rupter. All 125-volt, single-phase receptacles not exceeding
30 amperes and located within 1.5 m (5 ft) measured horizon-
tally of the inside walls of a hydromassage tub shall be
protected by a ground-fault circuit interrupter(s).

Hydromassage bathtubs (see definition in 680.2) are required
to be protected by a GFCI. In addition, all 125-volt, single- Access plate or cover

phase, 15-, 20-, and 30-ampere receptacles within 5 ft of
Exhibit 680.19 Access plate for hydromassage tub electricalthe inside wall of the hydromassage bathtub are required to
equipment, located as described in 680.73.be GFCI protected. Hydromassage bathtubs are treated the

same as ordinary bathtubs in regard to the installation of
luminaires, switches, and other electrical equipment. See

680.74 Bonding410.4(D) for special requirements relating to cord-connected
All metal piping systems and all grounded metal parts infixtures, hanging fixtures, and pendants near bathtubs. Also
contact with the circulating water shall be bonded togethersee 210.8(A)(1) and 210.8(B)(1) for requirements for GFCI
using a copper bonding jumper, insulated, covered, or bare,protection of bathroom receptacles.
not smaller than 8 AWG solid.

680.72 Other Electrical Equipment
The bonding requirement for hydromassage bathtubs re-

Luminaires (lighting fixtures), switches, receptacles, and quires interconnection between metal piping systems and
other electrical equipment located in the same room, and metal parts associated with the water recirculation system
not directly associated with a hydromassage bathtub, shall
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682.2Article 682 — Natural and Artificially Made Bodies of Water

only at the hydromassage bathtub location. As is the case I. General
with swimming pool bonding, this section does not require 682.1 Scope
the installation of a bonding conductor from the hydromas-

This article applies to the installation of electrical wiringsage bathtub pump motor to the service equipment or pan-
for, and equipment in and adjacent to, natural or artificiallyelboard from which the hydromassage bathtub branch circuit
made bodies of water not covered by other articles in thisoriginates even if there is no metal piping or metal parts
Code, such as but not limited to aeration ponds, fish farmin the vicinity of the hydromassage bathtub. The bonding
ponds, storm retention basins, treatment ponds, irrigationrequired by 680.74 is intended to create a local equipotential
(channels) facilities.plane, and the equipment grounding conductor of the branch

circuit supplying the hydromassage tub provides the path
for ground fault current. The scope of Article 680 does not include bodies of water

other than those described in 680.1 and defined in 680.2.
Therefore, in previous editions of the NEC, only the generalARTICLE 682
requirements in Chapters 1 through 4 applied to electrical

Natural and Artificially Made installations in and around bodies of water that were not
covered by Article 680. A task group assigned to study theBodies of Water
need to include specific requirements covering other bodies
of water recommended that, instead of expanding the scope

Summary of Changes of Article 680, a new article, Natural and Artificially Made
• Added new article covering electrical wiring and equip- Bodies of Water, be developed for the 2005 Code.

ment in or adjacent to bodies of water not covered by Electrical equipment such as pumps, luminaires and
other Code articles, particularly Article 680. their associated supply wiring are frequently installed in

lakes, ponds, aeration and treatment basins, and similar bod-
ies of water, and the new requirements are designed to mini-
mize the shock hazards inherent in those wet and dampContents
locations. Safety concepts contained in the requirements ofI. General
Articles 553, 555, 590, and 680 provided the foundation for682.1 Scope
the requirements in Article 682.682.2 Definitions

682.3 Other Articles
II. Installation 682.2 Definitions

682.10 Electrical Equipment and Transformers Artificially Made Bodies of Water. Bodies of water that
682.11 Location and Service Equipment have been constructed or modified to fit some decorative or
682.12 Electrical Connections commercial purpose such as, but not limited to, aeration
682.13 Wiring Methods and Installation ponds, fish farm ponds, storm retention basins, treatment
682.14 Disconnecting Means for Floating Structures or ponds, irrigation (channel) facilities. Water depths may vary

Submersible Electrical Equipment seasonally or be controlled.
(A) Type
(B) Location

The term artificially made bodies of water includes all bodies
682.15 Ground Fault Circuit Interrupter (GFCI)

of water that are not naturally created and that are not covered
Protection

by the requirements of Article 680. The uses of artificially
III. Grounding and Bonding

made bodies of water include decorative, agricultural, mu-
682.30 Grounding

nicipal infrastructure, and industrial. The decorative pond
682.31 Equipment Grounding Conductors

shown in Exhibit 682.1 is an example of an artificially made
(A) Type

body of water because it was constructed and filled with
(B) Feeders

water and did not occur naturally.
(C) Branch Circuits
(D) Cord-and-Plug-Connected Appliances

Electrical DatumPlane. The electrical datum plane as used
682.32 Bonding of Non–Current-Carrying Metal Parts

in this article is defined as follows:
682.33 Equipotential Planes and Bonding of

Equipment Planes
See the commentary on the electrical datum plane in 555.2.(A) Areas Requiring Equipotential Planes

(B) Areas Not Requiring Equipotential Planes
(1) In land areas subject to tidal fluctuation, the electrical(C) Bonding

datum plane is a horizontal plane 600 mm (2 ft) above
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682.3 Article 682 — Natural and Artificially Made Bodies of Water

682.3 Other Articles
Wiring and equipment in or adjacent to natural or artificially
made bodies of water shall comply with the applicable pro-
visions of other articles of this Code, except as modified by
this article. If the water is subject to boat traffic, the wiring
shall comply with 555.13(B).

II. Installation
682.10 Electrical Equipment and Transformers
Electrical equipment and transformers, including their enclo-
sures, shall be specifically approved for the intended loca-
tion. No portion of an enclosure for electrical equipment not
identified for operation while submerged shall be located
below the electrical datum plane.

Exhibit 682.1 An artificially made body of water. The electrical
See 640.10 for requirements covering the installation ofequipment associated with pumps used to circulate water in this
audio system equipment near a body of water.artificial pond is subject to the requirements of Article 682.

the highest tide level for the area occurring under normal
682.11 Location of Service Equipmentcircumstances, that is, highest high tide.

(2) In land areas not subject to tidal fluctuation, the electri- On land, the service equipment for floating structures and
cal datum plane is a horizontal plane 600 mm (2 ft) submersible electrical equipment shall be located no closer
above the highest water level for the area occurring than 1.5 m (5 ft) horizontally from the shoreline and live
under normal circumstances. parts elevated a minimum of 300 mm (12 in.) above the

(3) In land areas subject to flooding, the electrical datum electrical datum plane. Service equipment shall disconnect
plane based on (1) or (2) above is a horizontal plane when the water level reaches the height of the established
600 mm (2 ft) above the point identified as the prevailing electrical datum plane.
high water mark or an equivalent benchmark based on
seasonal or storm-driven flooding from the authority 682.12 Electrical Connections
having jurisdiction.

All electrical connections not intended for operation while
(4) The electrical datum plane for floating structures and

submerged shall be located at least 300 mm (12 in.) above
landing stages that are (1) installed to permit rise and

the deck of a floating or fixed structure, but not below the
fall response to water level, without lateral movement,

electrical datum plane.
and (2) that are so equipped that they can rise to the
datum plane established for (1) or (2) above, is a hori-

682.13 Wiring Methods and Installationzontal plane 750 mm (30 in.) above the water level at
Wiring methods and installations of Chapter 3 and Articlesthe floating structure or landing stage and a minimum
553, 555, and 590 shall be permitted where identified forof 300 mm (12 in.) above the level of the deck.
use in wet locations.

Equipotential Plane. An area where wire mesh or other
conductive elements are on, embedded in, or placed under

682.14 Disconnecting Means for Floatingthe walk surface within 75 mm (3 in.), bonded to all metal
Structures or Submersible Electrical Equipmentstructures and fixed nonelectrical equipment that may be-

come energized, and connected to the electrical grounding (A) Type The disconnecting means shall be permitted to
system to prevent a difference in voltage from developing consist of a circuit breaker, switch, or both and shall be
within the plane. properly identified as to which structure or equipment it

controls.Natural Bodies of Water. Bodies of water such as lakes,
streams, ponds, rivers, and other naturally occurring bodies

(B) Location The disconnecting means shall be readily ac-
of water, which may vary in depth throughout the year.

cessible on land and shall be located in the supply circuit
ahead of the structure or the equipment connection. TheShoreline. The farthest extent of standing water under the

applicable conditions that determine the electrical datum disconnecting means shall be located not more than 750 mm
(30 in.) from the structure or equipment connection. Theplane for the specified body of water.
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685.1Article 685 — Integrated Electrical Systems

(A) Areas Requiring Equipotential Planes Equipotentialdisconnecting means shall be within sight of, but not closer
than, 1.5 m (5 ft) horizontally from the edge of the shoreline planes shall be installed adjacent to all outdoor service equip-

ment or disconnecting means that control equipment in orand live parts elevated a minimum of 300 mm (12 in.) above
the electrical datum plane. on water, that have a metallic enclosure and controls accessi-

ble to personnel, and that are likely to become energized.
682.15 Ground Fault Circuit Interrupter The equipotential plane shall encompass the area around the
(GFCI) Protection equipment and shall extend from the area directly below the

equipment out not less than 900 mm (36 in.) in all directionsFifteen- and 20-ampere single-phase, 125-volt through 250-
from which a person would be able to stand and come involt receptacles installed outdoors and in or on floating
contact with the equipment.buildings or structures within the electrical datum plane

area that are used for storage, maintenance, or repair where
(B) Areas Not Requiring Equipotential Planes Equipo-portable electric hand tools, electrical diagnostic equipment,
tential planes shall not be required for the controlled equip-or portable lighting equipment are to be used shall be pro-
ment supplied by the service equipment or disconnectingvided with GFCI protection. The GFCI protection device
means. All circuits rated not more than 60 amperes at 120shall be located not less than 300 mm (12 in.) above the
through 250 volts, single phase, shall have GFCI protection.established electrical datum plane.

(C) Bonding Equipotential planes shall be bonded to theIII. Grounding and Bonding
electrical grounding system. The bonding conductor shall

682.30 Grounding be solid copper, insulated, covered or bare, and not smaller
than 8 AWG. Connections shall be made by exothermicWiring and equipment within the scope of this article shall
welding or by listed pressure connectors or clamps that arebe grounded as specified in Articles 250, 553, and 555 and
labeled as being suitable for the purpose and are of stainlesswith the requirements in Part III.
steel, brass, copper, or copper alloy.

682.31 Equipment Grounding Conductors
(A) Type Equipment grounding conductors shall be insu-
lated copper conductors sized in accordance with 250.122 ARTICLE 685
but not smaller than 12 AWG. Integrated Electrical Systems
(B) Feeders Where a feeder supplies a remote panelboard,
an insulated equipment grounded conductor shall extend

Summary of Changesfrom a grounding terminal in the service to a grounding
terminal and busbar in the remote panelboard. • 685.1(2): Revised to include prescriptive requirements

intended to define the conditions under which a person(C) Branch Circuits The insulated equipment grounding
is considered to be a ‘‘qualified person’’ and how thisconductor for branch circuits shall terminate at a grounding
information is to be documented.terminal in a remote panelboard or the grounding terminal

in the main service equipment.

(D) Cord-and-Plug-Connected Appliances Where re-
quired to be grounded, cord-and-plug-connected appliances Contents
shall be grounded by means of an equipment grounding I. General
conductor in the cord and a grounding-type attachment plug. 685.1 Scope

685.3 Application of Other Articles682.32 Bonding of Non–Current-Carrying
II. Orderly ShutdownMetal Parts

685.10 Location of Overcurrent Devices in or on
All metal parts in contact with the water, all metal piping, Premises
tanks, and all non–current-carrying metal parts that may 685.12 Direct-Current System Grounding
become energized shall be bonded to the grounding bus in 685.14 Ungrounded Control Circuits
the panelboard.

682.33 Equipotential Planes and Bonding of I. GeneralEquipment Planes
685.1 ScopeAn equipotential plane shall be installed where required in

this section to mitigate step and touch voltages at electrical This article covers integrated electrical systems, other than
unit equipment, in which orderly shutdown is necessary toequipment.
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685.3 Article 690 — Solar Photovoltaic Systems

Table 685.3 Application of Other Articlesensure safe operation. An integrated electrical system as
used in this article is a unitized segment of an industrial

Conductor/Equipment Sectionwiring system where all of the following conditions are met:

More than one building or other 225, Part II(1) An orderly shutdown is required to minimize personnel
structurehazard and equipment damage. Ground-fault protection of 230.95, Exception No. 1

(2) The conditions of maintenance and supervision ensure equipment
that qualified persons service the system. The name(s) Protection of conductors 240.4

Electrical system coordination 240.12of the qualified person(s) shall be kept in a permanent
Ground-fault protection of 240.13(1)record at the office of the establishment in charge of

equipmentthe completed installation. Grounding ac systems of 50 volts 250.21
A person designated as a qualified person shall to 1000 volts

possess the skills and knowledge related to the construc- Equipment protection 427.22
Orderly shutdown 430.44tion and operation of the electrical equipment and instal-
Disconnection 430.74, Exception Nos. 1 and 2lation and shall have received documented safety
Disconnecting means in sight 430.102(A), Exception No. 2training on the hazards involved. Documentation of their from controller

qualifications shall be on file with the office of the Energy from more than one 430.113, Exception Nos. 1
establishment in charge of the completed installation. source and 2

Disconnecting means 645.10, Exception(3) Effective safeguards acceptable to the authority having
Uninterruptible power supplies 645.11(1)jurisdiction are established and maintained.

(UPS)
Point of connection 705.12(A)

The integrated electrical systems commonly used in large
and complex industrial processes are designed, installed, and
operated under stringent on-site engineering supervision.

mounting heights permitted to ensure security from opera-The control equipment, including overcurrent devices, is
tion by unqualified personnel.located so as to be accessible to qualified personnel, but that

location might not meet and is not required to meet the
685.12 Direct-Current System Groundingconditions described in the Article 100 definition of readily
Two-wire dc circuits shall be permitted to be ungrounded.accessible.Locating overcurrent devices and their associated

disconnecting means so as not to be readily accessible to
685.14 Ungrounded Control Circuitsunqualified personnel is one of the preventative measures

used to help maintain continuity of operation. Where operational continuity is required, control circuits of
For some industrial processes, the sudden loss of electri- 150 volts or less from separately derived systems shall be

cal power to vital equipment is an unacceptable level of permitted to be ungrounded.
risk, and an orderly shutdown procedure is necessary to
prevent severe equipment damage, injury to personnel, or in
some extreme cases catastrophic failure. Orderly shutdown is ARTICLE 690
commonly employed in nuclear power–generating facilities, Solar Photovoltaic Systemspaper mills, and other areas with hazardous processes.

Summary of Changes
685.3 Application of Other Articles • 690.2: Added new definition for building integrated pho-
The articles/sections in Table 685.3 apply to particular cases tovoltaics.
of installation of conductors and equipment, where there are • 690.3:Added new exception for installations in hazardous
orderly shutdown requirements that are in addition to those locations requiring compliance with applicable require-
of this article or are modifications of them. ments of Articles 500, 505, and 510.

• 690.13: Revised to permit an automatic switch or circuit
breaker in grounded conductor if it is part of a ground-II. Orderly Shutdown
fault detection system.

685.10 Location of Overcurrent Devices
• 690.14(D): Added new requirement specifying conditions

in or on Premises under which utility-interactive inverters can be installed
Location of overcurrent devices that are critical to integrated in locations that are not readily accessible.
electrical systems shall be permitted to be accessible, with
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685.14Article 690 — Solar Photovoltaic Systems

(B) Inverter Output Circuit• 690.17: Deleted Exception No.1 permitting dc side dis-
(C) Disconnecting Meansconnecting means to have lower interrupting rating under
(D) Ground-Fault Detectionspecified conditions.
(E) Overcurrent Protection• 690.31(E): Added new requirement for mechanical pro-

II. Circuit Requirementstection of dc photovoltaic source and output circuits inside
690.7 Maximum Voltagebuilding on line side of source of output disconnecting

(A) Maximum Photovoltaic System Voltagemeans.
(B) Direct-Current Utilization Circuits

• 690.35: Added new requirements for operation of un- (C) Photovoltaic Source and Output Circuits
grounded photovoltaic power systems. (D) Circuits Over 150 Volts to Ground

• 690.41: Added Exception permitting ungrounded systems (E) Bipolar Source and Output Circuits
complying with new 690.35. 690.8 Circuit Sizing and Current

(A) Calculation of Maximum Circuit Current• 690.47(C): Added new requirement covering PV systems
(B) Ampacity and Overcurrent Device Ratingswhere both ac and dc circuits are required to be grounded.
(C) Systems with Multiple Direct-Current Voltages• 690.48: Added new requirement for maintaining continu-
(D) Sizing of Module Interconnection Conductorsity of equipment grounding systems.

690.9 Overcurrent Protection
• 690.49: Added new requirement for maintaining continu- (A) Circuits and Equipment

ity of photovoltaic source and output current grounded (B) Power Transformers
conductor. (C) Photovoltaic Source Circuits

• 690.53: Revised to specify that the field-marking is re- (D) Direct-Current Rating
quired for dc power sources. (E) Series Overcurrent Protection

690.10 Stand-Alone Systems• 690.64(B)(5): Added new requirements for mechanically
(A) Inverter Outputsecuring backfed circuit breakers supplied from listed util-
(B) Sizing and Protectionity-interactive inverters.
(C) Single 120-Volt Supply

• 690.71(B)(1): Revised to clarify the number of series-
III. Disconnecting Means

connected, lead-acid battery 2-volt cells permitted to be
690.13 All Conductors

installed in dwellings.
690.14 Additional Provisions

• 690.72(B)(2)(1): Revised to limit current rating of the (A) Disconnecting Means
diversion load to less than or equal to the rating of the (B) Equipment
charge controller. (C) Requirements for Disconnecting Means

(D) Utility-Interactive Inverters Mounted in• Section 690.72(B)(3): Added new requirements covering
Not-Readily-Accessible LocationsPV systems using utility-interactive inverters to divert

690.15 Disconnection of Photovoltaic Equipmentexcess power into a utility system.
690.16 Fuses
690.17 Switch or Circuit Breaker

Contents 690.18 Installation and Service of an Array
I. General IV. Wiring Methods

690.31 Methods Permitted690.1 Scope
(A) Wiring Systems690.2 Definitions
(B) Single-Conductor Cable690.3 Other Articles
(C) Flexible Cords and Cables690.4 Installation
(D) Small-Conductor Cables(A) Solar Photovoltaic System
(E) Direct-Current Photovoltaic Source and Output(B) Conductors of Different Systems

Circuits Inside a Building(C) Module Connection Arrangement
690.32 Component Interconnections(D) Equipment
690.33 Connectors690.5 Ground-Fault Protection

(A) Configuration(A) Ground-Fault Detection and Interruption
(B) Guarding(B) Disconnection of Conductors
(C) Type(C) Labels and Markings
(D) Grounding Member690.6 Alternating-Current (ac) Modules
(E) Interruption of Circuit(A) Photovoltaic Source Circuits
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690.1 Article 690 — Solar Photovoltaic Systems

I. General
690.34 Access to Boxes

690.1 Scope690.35 Ungrounded Photovoltaic Power Systems
V. Grounding The provisions of this article apply to solar photovoltaic

690.41 System Grounding electrical energy systems, including the array circuit(s), in-
690.42 Point of System Grounding Connection verter(s), and controller(s) for such systems. [See Figures
690.43 Equipment Grounding 690.1(A) and 690.1(B).] Solar photovoltaic systems covered
690.45 Size of Equipment Grounding Conductor by this article may be interactive with other electrical power
690.47 Grounding Electrode System production sources or stand-alone, with or without electrical

(A) Alternating-Current Systems energy storage such as batteries. These systems may have
(B) Direct-Current Systems ac or dc output for utilization.
(C) Systems with Alternating-Current and Direct-

Current Grounding Requirements
690.48 Continuity of Equipment Grounding Systems
690.49 Continuity of Photovoltaic Source and Output

Circuit Grounded Conductors
VI. Marking

690.51 Modules
690.52 Alternating-Current Photovoltaic Modules
690.53 Direct-Current Photovoltaic Power Source
690.54 Interactive System Point of Interconnection
690.55 Photovoltaic Power Systems Employing Energy

Storage
690.56 Identification of Power Sources

(A) Facilities with Stand-Alone Systems
(B) Facilities with Utility Services and PV Systems

VII. Connection to Other Sources
690.60 Identified Interactive Equipment
690.61 Loss of Interactive System Power
690.62 Ampacity of Neutral Conductor
690.63 Unbalanced Interconnections

(A) Single Phase
(B) Three Phase

690.64 Point of Connection
(A) Supply Side
(B) Load Side

VIII. Storage Batteries
690.71 Installation

(A) General
(B) Dwellings
(C) Current Limiting
(D) Battery Nonconductive Cases and Conductive

Photovoltaic 
output circuitBlocking diodes

Photovoltaic source circuits

Fuses

Solar cells

Module

Panel

Array or photovoltaic 
power source

Notes: 
1. These diagrams are intended to be a means of identification for  
 photovoltaic system components, circuits, and connections.
2. Disconnecting means required by Article 690, Part III, are not shown.
3. System grounding and equipment grounding are not shown. 
 See Article 690, Part V.

Dedicated branch circuit
of the electric production 
and distribution network 

Inverter output circuit

ac module (includes inverter)

Array (of ac modules)
ac module system

Racks
(E) Disconnection of Series Battery Circuits

Figure 690.1(A) Identification of Solar Photovoltaic(F) Battery Maintenance Disconnecting Means
System Components.(G) Battery Systems of More Than 48 Volts

690.72 Charge Control
(A) General
(B) Diversion Charge Controller The use of photovoltaic (PV) systems as utility-interactive

or as stand-alone power supply systems has steadily in-690.74 Battery Interconnections
IX. Systems Over 600 Volts creased as the technology and availability of the PV equip-

ment have evolved. The requirements of Article 690 cover690.80 General
690.85 Definitions the use of stand-alone and utility-interactive PV systems. In
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690.2Article 690 — Solar Photovoltaic Systems

Exhibit 690.1 The south roof of a solar house. The integrated
array of glass modules generates electricity directly from the sun
using PV modules. (Courtesy of Solar Design Associates, Inc.)

An ac PV module consists of a single integrated mechanical
unit. Because there is no accessible, field-installed dc wiring
in this single unit, the dc PV source-circuit requirements in
this Code are not applicable to the dc wiring in an ac PV
module.

Array. A mechanically integrated assembly of modules or
panels with a support structure and foundation, tracker, and
other components, as required, to form a direct-current
power-producing unit.

The building blocks of an array are illustrated in Exhibit
690.6.

Interactive system

Electric production 
and distribution 
network connection

Inverter

Inverter output circuit

Inverter input circuit

Photovoltaic output circuit

Photovoltaic source circuits

Hybrid system Inverter

Inverter output circuit

Inverter input circuit

dc loads

Photovoltaic 
output circuit

Wind, engine-generator, 
micro-hydro-electric, and 
other power sources

Energy storage, charge controller, 
and system control

Stand-alone system

Inverter

Inverter output circuit

Inverter input circuit

Main supply 
equipment for 
ac loads

Main supply equipment
for dc loads

Charge controller

Photovoltaic output 
circuit

Notes: 
1. These diagrams are intended to be a means of identification for 
 photovoltaic system components, circuits, and connections.
2. Disconnecting means and overcurrent protection required by 
 Article 690 are not shown.
3. System grounding and equipment grounding are not shown. 
 See Article 690, Part V.
4. Custom designs occur in each configuration, and some components
 are optional.

Energy storage

Bipolar Photovoltaic Array. A photovoltaic array that hasFigure 690.1(B) Identification of Solar Photovoltaic System
Components in Common System Configurations. two outputs, each having opposite polarity to a common

reference point or center tap.

Blocking Diode. A diode used to block reverse flow of
accordance with Exception No. 1 to 705.3, the requirements current into a photovoltaic source circuit.
for utility-interactive PV systems are covered in Article 690,
and these systems are not subject to the requirements of

Blocking diodes are not required by this Code, although theArticle 705.
instructions or labels supplied with the PV module mayExhibit 690.1 shows a custom-designed home with a
require them. Blocking diodes are not overcurrent devicesPV electrical system.
and may not be substituted for any overcurrent device re-Typical solar PV systems are illustrated in Exhibits
quired by this Code.690.2 through 690.5. Other circuit arrangements are permis-

sible.

Building Integrated Photovoltaics. Photovoltaic cells, de-
vices, modules, or modular materials that are integrated into
the outer surface or structure of a building and serve as the

690.2 Definitions outer protective surface of that building.
Alternating-Current (ac) Module (Alternating-Current

Charge Controller. Equipment that controls dc voltage orPhotovoltaic Module). A complete, environmentally pro-
dc current, or both, used to charge a battery.

tected unit consisting of solar cells, optics, inverter, and
other components, exclusive of tracker, designed to generate DiversionChargeController. Equipment that regulates the

charging process of a battery by diverting power from energyac power when exposed to sunlight.
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690.2 Article 690 — Solar Photovoltaic Systems

Exhibit 690.2 Simplified cir-
cuit diagram of a small residen-
tial stand-alone system.

+ –

+ –

+ –

+ –

+ –

+ –

+ –

+ –

+ –

+ –

Fuses in 
pull-out holders

Charge
controller

Inverter ac
loads

+ dc
– Load

+

–

Batteries

Control box
Junction box

PV
modules

Equipment grounding

**        Overcurrent device may be required by UL 1703

Current-limiting fuse

**

**

**

**

**

**

**

**

**

**

storage to direct-current or alternating-current loads or to source and convert it into direct current for charging
batteries.an interconnected utility service.

Electrical Production and Distribution Network. A Inverter Input Circuit. Conductors between the inverter
power production, distribution, and utilization system, such and the battery in stand-alone systems or the conductors
as a utility system and connected loads, that is external to between the inverter and the photovoltaic output circuits for
and not controlled by the photovoltaic power system. electrical production and distribution network.

Hybrid System. A system comprised of multiple power Inverter Output Circuit. Conductors between the inverter
sources. These power sources may include photovoltaic, and an ac panelboard for stand-alone systems or the conduc-
wind, micro-hydro generators, engine-driven generators, and tors between the inverter and the service equipment or an-
others, but do not include electrical production and distribu- other electric power production source, such as a utility, for
tion network systems. Energy storage systems, such as bat- electrical production and distribution network.
teries, do not constitute a power source for the purpose of

Module. A complete, environmentally protected unit con-this definition.
sisting of solar cells, optics, and other components, exclusive

Interactive System. A solar photovoltaic system that oper- of tracker, designed to generate dc power when exposed to
ates in parallel with and may deliver power to an electrical sunlight.
production and distribution network. For the purpose of this
definition, an energy storage subsystem of a solar photovol- Panel. A collection of modules mechanically fastened to-
taic system, such as a battery, is not another electrical produc- gether, wired, and designed to provide a field-installable
tion source. unit.

Inverter. Equipment that is used to change voltage level Photovoltaic Output Circuit. Circuit conductors between
or waveform, or both, of electrical energy. Commonly, an the photovoltaic source circuit(s) and the inverter or dc utili-
inverter [also known as a power conditioning unit (PCU) or zation equipment.
power conversion system (PCS)] is a device that changes
dc input to an ac output. Inverters may also function as Photovoltaic Power Source. An array or aggregate of

arrays that generates dc power at system voltage and current.battery chargers that use alternating current from another
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690.4Article 690 — Solar Photovoltaic Systems

Exhibit 690.3 Simplified cir-
cuit diagram of a medium-
sized residential hybrid sys-
tem.

++++

– – – –

++++ Ground-fault
system

Battery
bank

+

–

Typical subarray 1 of 5

Inverter with
battery
chargerH

H

N

N

120 Vac out

ac panelboard

PV power centerRoof-mounted
PV modules

Roof
junction

box

Charge
controller 

relay

dc
loads

*
*

*Equipment  grounding

Surge arrester

240/120

Wall

Generator
240 V

Main disconnects

Current-limiting fuse

– – – –

disconnecting means, and grounding are covered in otherPhotovoltaic Source Circuit. Circuits between modules
and from modules to the common connection point(s) of sections of Article 690 and should not be assumed based on

these diagrams. Instructions for or labels on the PV modulethe dc system.
might require additional overcurrent devices that may not

Photovoltaic System Voltage. The direct current (dc) volt-
be shown.

age of any photovoltaic source or photovoltaic output circuit.
For multiwire installations, the photovoltaic system voltage

690.3 Other Articlesis the highest voltage between any two dc conductors.

Wherever the requirements of other articles of this CodeSolar Cell. The basic photovoltaic device that generates
and Article 690 differ, the requirements of Article 690 shallelectricity when exposed to light.
apply and, if the system is operated in parallel with a primary

Solar Photovoltaic System. The total components and sub- source(s) of electricity, the requirements in 705.14, 705.16,
systems that, in combination, convert solar energy into elec- 705.32, and 705.43 shall apply.
trical energy suitable for connection to a utilization load.

Exception: Solar photovoltaic systems, equipment, or wir-
Stand-Alone System. A solar photovoltaic system that sup- ing installed in a hazardous (classified) location shall also
plies power independently of an electrical production and comply with 500.1, 505.1, and 510.1.
distribution network.

690.4 Installation
(A) Solar Photovoltaic System A solar photovoltaic sys-The simplified circuit diagrams in Exhibits 690.2 through
tem shall be permitted to supply a building or other structure690.5 demonstrate the use of various components in a PV
in addition to any service(s) of another electricity supplysystem. Specific requirements for overcurrent protection,
system(s).
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690.4 Article 690 — Solar Photovoltaic Systems

Exhibit 690.4 Simplified cir-
cuit diagram of a remote-cabin
dc-only system.

+

–

+

–

+

–

+

–

+

–

+

–

Charge
controller

+

–

+

–

+

–

+

–

Batteries

dc loads
Fused 
disconnect with
current-limiting 
fuses

Grounding
electrode

PV modules
Control panel

Junction box

Equipment  grounding

Surge arrester

Current-limiting fuse

Overcurrent device may 
be required by UL 1703 

**

** ** ** ** ** **

(B) Conductors of Different Systems Photovoltaic source a module or panel from a photovoltaic source circuit does
not interrupt a grounded conductor to another photovoltaiccircuits and photovoltaic output circuits shall not be con-

tained in the same raceway, cable tray, cable, outlet box, source circuit. Sets of modules interconnected as systems
rated at 50 volts or less, with or without blocking diodes,junction box, or similar fitting as feeders or branch circuits

of other systems, unless the conductors of the different sys- and having a single overcurrent device shall be considered as
a single-source circuit. Supplementary overcurrent devicestems are separated by a partition or are connected together.
used for the exclusive protection of the photovoltaic modules
are not considered as overcurrent devices for the purposeFor example, 690.4(B) does not permit the conductors sup-
of this section.plying an exterior lighting fixture located in close proximity

of a roof-mounted PV array to be installed in the same
raceway or cable with the conductors of PV source circuits In general, 690.4(C) requires that a jumper be installed be-

tween a module terminal or lead and the connection pointor PV output circuits.
Conductors directly related to a specific PV system, to the grounded PV source circuit conductor. That way, a

module can be removed without interrupting the groundedsuch as those in dc and ac output power circuits, may be
contained in the same raceway as PV source and output conductor to other PV source circuits. If interrupted, such

conductors, although identified as grounded, would be op-conductors providing they meet the requirements of
300.3(C). erating at the system potential with respect to ground, and

a shock hazard could result. The reverse current protection on
nearly all PV modules (as indicated by the fuse requirement

(C) Module Connection Arrangement The connections labeled on the back of each module) generally dictates that
to a module or panel shall be arranged so that removal of

2005 National Electrical Code Handbook1020

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

--```,,``,`,,,`,`,`,`,,,,,,`,,,-`-`,,`,,`,`,,`---



690.5Article 690 — Solar Photovoltaic Systems

Exhibit 690.5 Simplified cir-
cuit diagram of a rooftop grid-
connected system.

+

–

+

–

+

–

+

–

Inverter
(including GFPD)

Residential ac
panelboard

240 V output

Utility

ac 
disconnect

dc
grounding
electrode
conductor
(GEC) ac

grounding
electrode
conductor
(GEC)

Electrodes bonded 
together or dc GEC 
connected to ac 
grounding electrode

dc
grounding
electrode

ac
grounding
electrode

Utility
required

disconnect
(located

near meter)

PV
disconnect

*

4–28 PV
modules
connected
in series

Optional supplementary
grounding electrode

Equipment grounding conductor
Bonding jumper

*No overcurrent protection required with certain inverters

(A) Ground-Fault Detection and Interruption Theeach module or string of modules has a series overcurrent
ground-fault protection device or system shall be capabledevice and becomes a source circuit.
of detecting a ground fault, interrupting the flow of fault
current, and providing an indication of the fault.

(D) Equipment Inverters or motor generators shall be
identified for use in solar photovoltaic systems.

Typical ground-fault protection devices meeting the require-
ments of 690.5(A) operate by opening the main dc bonding

Equipment listed for marine, mobile, telecommunications, jumper. They sense dc ground faults anywhere on the dc
or other applications may not be suitable for installation in system and may be mounted anywhere in that system. They
permanent PV power systems complying with this Code. are usually installed inside the utility-interactive inverters

or in the dc power center in stand-alone PV systems.

690.5 Ground-Fault Protection
(B) Disconnection of Conductors The ungrounded con-Roof-mounted dc photovoltaic arrays located on dwellings

shall be provided with dc ground-fault protection to reduce ductors of the faulted source circuit shall be automatically
disconnected. If the grounded conductors of the faultedfire hazards.
source circuit are disconnected to comply with the require-
ments of 690.5(A), all conductors of the faulted source cir-Ground-fault detection and interruption for PV systems
cuit shall be opened automatically and simultaneously.should not be confused with the requirements for GFCI
Opening the grounded conductor of the array or openingprotection, as defined in Article 100. A GFCI is intended
the faulted sections of the array shall be permitted to interruptfor the protection of personnel in single-phase ac systems.
the ground-fault current path.It functions to open the ungrounded conductor when a 5-

mA fault current is detected. In contrast, devices meeting
690.5 are intended to prevent fires in dc PV circuits due to Typical ground-fault protection devices operating in PV sys-

tems (48-volt nominal and below) automatically disconnectground faults.
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690.6 Article 690 — Solar Photovoltaic Systems

generally is at open-circuit voltage below the ground refer-
ence (e.g., –400 volts).

690.6 Alternating-Current (ac) Modules
(A) Photovoltaic Source Circuits The requirements of Ar-
ticle 690 pertaining to photovoltaic source circuits shall not
apply to ac modules. The photovoltaic source circuit, con-
ductors, and inverters shall be considered as internal wiring
of an ac module.

(B) Inverter Output Circuit The output of an ac module
shall be considered an inverter output circuit.

(C) Disconnecting Means A single disconnecting means,
in accordance with 690.15 and 690.17, shall be permitted
for the combined ac output of one or more ac modules.
Additionally, each ac module in a multiple ac-module system
shall be provided with a connector, bolted, or terminal-type
disconnecting means.

Alternating-current PV modules, as utility-interactive de-
vices, are designed to produce ac power only when they are
connected to an external source of ac power at the correct
voltage and frequency. A single disconnecting means re-
moves the external source and turns off all ac PV modules
connected to that disconnecting device.

(D) Ground-Fault Detection Alternating-current-module

Array

Module

Panel

Cell

systems shall be permitted to use a single detection device
to detect only ac ground faults and to disable the array by

Exhibit 690.6 Components of an array. removing ac power to the ac module(s).

The permissive language of 690.6 (D) for ac PV modules
replaces the requirements of 690.5 that apply only to conven-
tional dc PV modules. As in 690.5, this is a fire preventionthe ungrounded conductor with a circuit breaker mechani-
device and is not intended to be a shock prevention device.cally linked to a ground-fault-sensing circuit breaker. Equip-
Existing GFCI and equipment ground-fault protection de-ment operating above 48 volts nominal usually automatically
vices are generally not listed for back feeding and are notshuts off the connected equipment to meet this requirement
suitable for meeting this requirement.when a ground fault is sensed. Both methods provide the

intended second indication that something needs to be
corrected.

(E) Overcurrent Protection The output circuits of ac
modules shall be permitted to have overcurrent protection

(C) Labels and Markings Labels and markings shall be and conductor sizing in accordance with 240.5(B)(2).
applied near the ground-fault indicator at a visible location,
stating that, if a ground fault is indicated, the normally II. Circuit Requirements
grounded conductors may be energized and ungrounded.

690.7 Maximum Voltage
Many types of ground-fault detection and interruption equip- (A) Maximum Photovoltaic System Voltage In a dc pho-

tovoltaic source circuit or output circuit, the maximum pho-ment break the negative-to-ground bond to interrupt the fault
currents, and the now ungrounded PV negative conductor tovoltaic system voltage for that circuit shall be calculated
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690.7Article 690 — Solar Photovoltaic Systems

of �480 volts and -480 volts with respect to ground wouldas the sum of the rated open-circuit voltage of the series-
connected photovoltaic modules corrected for the lowest have a system open-circuit voltage of 960 volts. This voltage

should be multiplied by a temperature-dependent factor fromexpected ambient temperature. For crystalline and multicrys-
talline silicon modules, the rated open-circuit voltage shall Table 690.7, yielding a system design voltage of up to 1200

volts. This system design voltage should be used in thebe multiplied by the correction factor provided in Table
690.7. This voltage shall be used to determine the voltage selection of cables and other equipment. Also, see the defini-

tion of photovoltaic system voltage in 690.2. Certain methodsrating of cables, disconnects, overcurrent devices, and other
equipment. Where the lowest expected ambient temperature of connecting bipolar PV arrays meeting the requirements

of 690.7(E) may have different requirements for calculatingis below �40�C (�40�F), or where other than crystalline
or multicrystalline silicon photovoltaic modules are used, the maximum system voltage.
the system voltage adjustment shall be made in accordance
with the manufacturer’s instructions. (B) Direct-Current Utilization Circuits The voltage of dc

utilization circuits shall conform with 210.6.
Table 690.7 Voltage Correction Factors for Crystalline and
Multicrystalline Silicon Modules

The requirements of 690.7(B) cover installations where the
Correction Factors for PV output is connected to dc utilization circuits.

Ambient Temperatures Below
25�C (77�F) (Multiply the

(C) Photovoltaic Source and Output Circuits In one- andAmbient rated open-circuit voltage by Ambient
Temperature the appropriate correction Temperature two-family dwellings, photovoltaic source circuits and pho-

(�C) factor shown below.) (�F) tovoltaic output circuits that do not include lampholders,
fixtures, or receptacles shall be permitted to have a maximum

25 to 10 1.06 77 to 50
photovoltaic system voltage up to 600 volts. Other installa-9 to 0 1.10 49 to 32
tions with a maximum photovoltaic system voltage over 600�1 to �10 1.13 31 to 14

�11 to �20 1.17 13 to �4 volts shall comply with Article 690, Part I.
�21 to �40 1.25 �5 to �40

PV dc circuits in buildings are permanently connected using
wiring systems recognized by this Code. Requirements for
protecting unqualified persons from contact with these cir-A PV source is not a constant-voltage source, and the differ-
cuits are included in 690.7(B) and 690.7(D). Unqualifiedence between the rated operating voltage determined under
persons are not likely to service equipment in these circuitscontrolled laboratory conditions and the open-circuit voltage
due to its complexity. There is a significant difference be-under field-installed conditions can be significant. Conse-
tween the rated open-circuit voltage and the operating volt-quently, the higher-rated open-circuit voltage must be used
age in PV dc circuits. For the PV system to perform itsto select circuit components with proper voltage ratings.
intended function, rated dc open-circuit voltages of up toThe voltage potential (both open circuit and operating)
600 volts may be present.of a PV power source increases with decreasing temperature.

The installer should note the temperature conditions under
which the PV device was rated. If the anticipated lowest (D) Circuits Over 150 Volts to Ground In one- and two-
temperature at the installation site is lower than the rating family dwellings, live parts in photovoltaic source circuits
condition (25�C), Table 690.7 should be used to adjust the and photovoltaic output circuits over 150 volts to ground
maximum open-circuit voltage of the crystalline system be- shall not be accessible to other than qualified persons while
fore conductors, overcurrent devices, and switchgear are energized.
selected.

The temperature adjustment requirement is also in-
Where dc circuitry over 150 volts to ground is present included in the instructions provided with listed PV modules
one- and two-family dwellings, additional protection forand is established at a fixed 125 percent, regardless of tem-
unqualified persons may be needed. Protection may be inperature. Table 690.7 supersedes the fixed 125 percent where
the form of conduit, a closed cabinet, or an enclosure thatthe lowest temperature is above –40�C.
requires the use of tools to open it and that permits entryBipolar PV systems (with positive and negative volt-
only by qualified persons.ages) must use the sum of the absolute values of the open-

circuit voltages to determine the rated open-circuit system
FPN: See 110.27 for guarding of live parts, and 210.6voltage. For example, a system with open-circuit voltages
for voltage to ground and between conductors.
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690.8 Article 690 — Solar Photovoltaic Systems

and are not based on load calculations or reduced-size PV(E) Bipolar Source and Output Circuits For 2-wire cir-
cuits connected to bipolar systems, the maximum system arrays or battery banks, if any. Some inverters may have

specifications listing sustained maximum output currents,voltage shall be the highest voltage between the conductors
of the 2-wire circuit if all of the following conditions apply: and the higher of this number or the rated output should be

used.
(1) One conductor of each circuit is solidly grounded.
(2) Each circuit is connected to a separate subarray.
(3) The equipment is clearly marked with a label as follows: (4) Stand-Alone Inverter Input Circuit Current The

maximum current shall be the stand-alone continuous in-
WARNING

verter input current rating when the inverter is producingBIPOLAR PHOTOVOLTAIC ARRAY.
rated power at the lowest input voltage.DISCONNECTION OF NEUTRAL OR

GROUNDED CONDUCTORS MAY RESULT IN
OVERVOLTAGE ON ARRAY OR INVERTER. Stand-alone inverters are nearly constant-output-voltage de-

vices. As the input battery voltage decreases, the input bat-
tery current increases to maintain a constant ac output power.690.8 Circuit Sizing and Current
The input current for such inverters is calculated by taking(A) Calculation ofMaximumCircuit Current The maxi-
the rated full-power output of the inverter in watts and divid-mum current for the specific circuit shall be calculated in
ing it by the lowest operating battery voltage and then byaccordance with 690.8(A)(1) through (A)(4).
the rated efficiency of the inverter under those operating
conditions. For example, the input current for a 4000-watt,(1) Photovoltaic Source Circuit Currents The maximum
24-volt inverter that is 85 percent efficient at 22 volts cancurrent shall be the sum of parallel module rated short-circuit
be calculated as follows:currents multiplied by 125 percent.

Ampere input �
watt output

voltage � efficiencyThe use of the array short-circuit current allows for proper
sizing of conductors to handle the current generated during
extended periods of operation under a short-circuit current �

4000 W
22 V � 0.85operating point.

The 125 percent factor mentioned in 690.8(A)(1) is � 214 A
required because PV modules, PV source circuits, and PV
output circuits can deliver output currents higher than the

Ripple currents might be present in the dc-input circuitsrated short-circuit currents for more than 3 hours near solar
of single-phase, stand-alone inverters. These ripple currentsnoon. Prior to the 1999 edition of the Code, this requirement
might cause nuisance operation of overcurrent devices atwas specified in the instructions provided with each listed
continuous high inverter outputs. In such cases, the measuredmodule. This 125 percent requirement is in addition to the
maximum true rms (root mean square) value of the total (ac125 percent factor required by 690.8(B).
� dc) input current, which will be greater than the averagePV modules in hot climates operate at temperatures of
current calculated here, should be used to determine conduc-60�C to 80�C due to solar heating. Conductors with insulation
tor sizes and overcurrent device ratings.types rated at least 90�C should be used, and these conductors

should have the ampacity corrected in accordance with Table
310.16 or Table 310.17.

(B) Ampacity and Overcurrent Device Ratings Photo-
voltaic system currents shall be considered to be continuous.

(2) Photovoltaic Output Circuit Currents The maximum (1) Sizing of Conductors and Overcurrent Devices The
current shall be the sum of parallel source circuit maximum circuit conductors and overcurrent devices shall be sized to
currents as calculated in 690.8(A)(1). carry not less than 125 percent of the maximum currents as

calculated in 690.8(A). The rating or setting of overcurrent
(3) Inverter Output Circuit Current The maximum cur- devices shall be permitted in accordance with 240.4(B)
rent shall be the inverter continuous output current rating. and (C).

Exception: Circuits containing an assembly, together withBoth stand-alone and utility-interactive inverters are power-
its overcurrent device(s), that is listed for continuous opera-limited devices. Output circuits connected to these devices
tion at 100 percent of its rating shall be permitted to beare sized on the continuous rated outputs of these devices
utilized at 100 percent of its rating.
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690.9Article 690 — Solar Photovoltaic Systems

(a) There are no external sources such as parallel-The exception to 690.8(B)(1) permits use at the full rating of
connected source circuits, batteries, or backfeed fromassemblies, such as panelboards, incorporating overcurrent
inverters.devices listed for continuous operation at 100 percent of the

(b) The short-circuit currents from all sources do notrating.
exceed the ampacity of the conductors.

FPN: Possible backfeed of current from any source of(2) Internal Current Limitation Overcurrent protection
supply, including a supply through an inverter into the

for photovoltaic output circuits with devices that internally photovoltaic output circuit and photovoltaic source cir-
limit the current from the photovoltaic output circuit shall cuits, is a consideration in determining whether adequate

overcurrent protection from all sources is provided forbe permitted to be rated at less than the value calculated in
conductors and modules.690.8(B)(1). This reduced rating shall be at least 125 percent

of the limited current value. Photovoltaic output circuit con-
ductors shall be sized in accordance with 690.8(B)(1). In the circuits illustrated in Exhibits 690.2, 690.3, 690.4,

690.5, and 690.7, the PV source-circuit overcurrent devices
Exception: An overcurrent device in an assembly listed for

are required to be rated so that the source-circuit conductors
continuous operation at 100 percent of its rating shall be

are protected in accordance with Article 240 and the overcur-
permitted to be utilized at 100 percent of its rating.

rent device ratings do not exceed the maximum overcurrent
device rating marked on the modules. Possible backfeed(C) Systems with Multiple Direct-Current Voltages For
currents from the other PV source circuits, other supplya photovoltaic power source that has multiple output circuit
sources through the inverter, and storage-battery circuits, ifvoltages and employs a common-return conductor, the am-
any, have to be considered.pacity of the common-return conductor shall not be less than

Blocking diodes (possibly required by the module man-the sum of the ampere ratings of the overcurrent devices of
ufacturer for specific applications) can lose their blockingthe individual output circuits.
ability because of overtemperature conditions or internal
breakdown. Therefore, overcurrent protection has to be con-(D) Sizing of Module Interconnection Conductors

Where a single overcurrent device is used to protect a set sidered with a condition of shorted blocking diodes if they
are used in the circuit.of two or more parallel-connected module circuits, the am-

pacity of each of the module interconnection conductors At the inverter or battery/charge controller end of the
PV output circuit, the need for overcurrent protection hasshall not be less than the sum of the rating of the single fuse

plus 125 percent of the short-circuit current from the other to be considered with respect to the maximum backfeed
fault current available from other sources.parallel-connected modules.

Normally, labeling or module instructions require reverse
overcurrent protection for each module or string of modules.
In some cases, modules with low rated short-circuit currents
and high values of the required series protective fuse may
allow the use of one overcurrent device to provide reverse
current protection for two modules or strings of modules and
overcurrent protection for the conductors. The PV module
manufacturer should be contacted for specific information.

690.9 Overcurrent Protection
(A) Circuits and Equipment Photovoltaic source circuit,

– +

Modules

PV source circuits

PV output circuits

photovoltaic output circuit, inverter output circuit, and stor-
age battery circuit conductors and equipment shall be pro- Exhibit 690.7 Application of blocking diodes and source-circuit

overcurrent devices.tected in accordance with the requirements of Article 240.
Circuits connected to more than one electrical source shall
have overcurrent devices located so as to provide overcurrent

(B) Power Transformers Overcurrent protection for aprotection from all sources.
transformer with a source(s) on each side shall be provided
in accordance with 450.3 by considering first one side ofException: An overcurrent device shall not be required for

circuit conductors sized in accordance with 690.8(B) and the transformer, then the other side of the transformer, as
the primary.located where one of the following apply:
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690.10 Article 690 — Solar Photovoltaic Systems

Exception: A power transformer with a current rating on 690.10 Stand-Alone Systems
the side connected toward the photovoltaic power source, The premises wiring system shall be adequate to meet the
not less than the short-circuit output current rating of the requirements of thisCode for a similar installation connected
inverter, shall be permitted without overcurrent protection to a service. The wiring on the supply side of the building
from that source. or structure disconnecting means shall comply with this

Code except as modified by 690.10(A), (B), and (C).(C) Photovoltaic Source Circuits Branch-circuit or sup-
plementary-type overcurrent devices shall be permitted to

(A) Inverter Output The ac inverter output from a stand-
provide overcurrent protection in photovoltaic source cir-

alone system shall be permitted to supply ac power to the
cuits. The overcurrent devices shall be accessible but shall

building or structure disconnecting means at current levels
not be required to be readily accessible.

below the rating of that disconnecting means.
Standard values of supplementary overcurrent devices

allowed by this section shall be in one ampere size incre-
A stand-alone residential or commercial PV installation mayments, starting at one ampere up to and including 15 am-
have an ac output and be connected to a building wired inperes. Higher standard values above 15 amperes for
full compliance with all articles of this Code. Even thoughsupplementary overcurrent devices shall be based on the
such an installation may have service-entrance equipmentstandard sizes provided in 240.6(A).
rated at 100 or 200 amperes at 120/240 volts, there is no
requirement that the PV source provide either the rated full

If the overcurrent protection of PV source circuits is consid-
current or the dual voltages of the service equipment. While

ered supplementary overcurrent protection, use of over-
safety requirements dictate full compliance with the ac wir-

current devices with ratings other than those suitable for
ing sections of theCode, a PV installation is usually designed

branch-circuit protection is permitted. The use of such de-
so that the actual ac demands on the system are sized to the

vices permits module protection closer to the specified rat-
output rating of the PV system.

ings required on the labels attached to listed modules. It is
anticipated that only qualified service personnel will replace

(B) Sizing and Protection The circuit conductors betweenor reset overcurrent devices in PV source circuits. Conse-
the inverter output and the building or structure discon-quently, ready access to the user need not be provided. These
necting means shall be sized based on the output ratingsupplementary overcurrent devices must be listed for dc
of the inverter. These conductors shall be protected fromoperation and have appropriate voltage and current ratings.
overcurrents in accordance with Article 240. The overcurrent
protection shall be located at the output of the inverter.(D) Direct-Current Rating Overcurrent devices, either

fuses or circuit breakers, used in any dc portion of a photovol- (C) Single 120-Volt Supply The inverter output of a stand-
taic power system shall be listed for use in dc circuits and alone solar photovoltaic system shall be permitted to supply
shall have the appropriate voltage, current, and interrupt 120 volts to single-phase, 3-wire, 120/240-volt service
ratings. equipment or distribution panels where there are no 240-

volt outlets and where there are no multiwire branch circuits.
Direct-current fault currents are considerably harder to inter- In all installations, the rating of the overcurrent device con-
rupt than ac faults. Overcurrent devices marked or listed nected to the output of the inverter shall be less than the
only for ac use should not be used in dc circuits. Automotive- rating of the neutral bus in the service equipment. This
and marine-type fuses, although used in these dc systems, equipment shall be marked with the following words or
are not suitable for use in permanently wired residential or equivalent:
commercial electrical power systems meeting the require- WARNING
ments of the Code. SINGLE 120-VOLT SUPPLY. DO NOT CONNECT

MULTIWIRE BRANCH CIRCUITS!
(E) Series Overcurrent Protection In series-connected
strings of two or more modules, a single overcurrent protec- Multiwire branch circuits are common in one- and two-
tion device shall be permitted. family dwelling units. When connected to a normal 120/

240-volt ac service, the currents in the neutral conductors
of these multiwire branch circuits (typically 14-3 AWG)The single overcurrent device (when required) may provide

both the reverse-current protection required for the series- subtract or are, at most, no larger than the rating of the
branch-circuit overcurrent device. When these electrical sys-connected PV modules and the overcurrent protection re-

quired for the interconnecting conductors. tems are connected to a single 120-volt PV power system
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690.14Article 690 — Solar Photovoltaic Systems

inverter by paralleling the two ungrounded conductors in energized at any time from the PV modules. A centrally
located disconnect meeting the requirements of 690.14(C)(1)the service entrance load center, the currents in the neutral

conductor for each multiwire branch circuit add rather than near the inverter or batteries serves to disconnect the PV
source circuits from the other portions of the electrical powersubtract. The currents in the neutral conductor may be as

high as twice the rating of the branch-circuit overcurrent system.
device. With this configuration, neutral conductor overload-
ing is possible.

III. Disconnecting Means
690.13 All Conductors
Means shall be provided to disconnect all current-carrying
conductors of a photovoltaic power source from all other
conductors in a building or other structure. A switch or
circuit breaker shall not be installed in a grounded conductor
unless that switch or circuit breaker is part of a ground-fault
detection system required by 690.5 and that switch or circuit
breaker is automatically opened and indicated as a normal
function of the device in responding to ground faults.

FPN: The grounded conductor may have a bolted or
terminal disconnecting means to allow maintenance or
troubleshooting by qualified personnel.

Disconnecting
means

Modules

PV source
circuits

Line side equipment allowed

690.14 Additional Provisions
Exhibit 690.8 Equipment permitted on the PV power sourcePhotovoltaic disconnecting means shall comply with
side of the PV power source disconnecting means.690.14(A) through 690.14(D).

(A) Disconnecting Means The disconnecting means shall
not be required to be suitable as service equipment and shall (C) Requirements for Disconnecting Means Means shall
be rated in accordance with 690.17. be provided to disconnect all conductors in a building or

other structure from the photovoltaic system conductors.
A disconnecting means rated in accordance with 690.17 may

(1) Location The photovoltaic disconnecting means shallbe used, but it is not required to be marked suitable for use
be installed at a readily accessible location either on theas service equipment.
outside of a building or structure or inside nearest the point
of entrance of the system conductors.

(B) Equipment Equipment such as photovoltaic source The photovoltaic system disconnecting means shall not
circuit isolating switches, overcurrent devices, and blocking be installed in bathrooms.
diodes shall be permitted on the photovoltaic side of the
photovoltaic disconnecting means.

These requirements generally prohibit long runs of PV
source and output circuits inside a building before reaching

In general, equipment that needs servicing must be discon- the required PV disconnect. A short conductor run through
nected from sources of supply. In a PV system, however, a wall at the point of first penetration to reach a disconnect
some equipment, as indicated, is permitted to be located on mounted inside the building is allowed. Section 690.31(E)
the PV power source side of the disconnecting means. See permits these circuits to be run inside a building when in-
Exhibit 690.8. Servicing the exempted equipment might re- stalled in metal conduit from the point of entrance to the
quire disabling all or portions of the array, as explained in system disconnecting means.
the commentary following 690.18.

There is no intent or requirement to have a disconnecting
means located in each PV source circuit or located physically

Exception: Installations that comply with 690.31(E) shallat each PV module location. Unlike load circuits (e.g., roof-
be permitted to have the disconnecting means located remotetop air conditioners), PV source-circuit conductors may be
from the point of entry of the system conductors.
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690.15 Article 690 — Solar Photovoltaic Systems

(2) Marking Each photovoltaic system disconnecting 690.15 Disconnection of Photovoltaic
means shall be permanently marked to identify it as a photo- Equipment
voltaic system disconnect. Means shall be provided to disconnect equipment, such as

inverters, batteries, charge controllers, and the like, from all(3) Suitable for Use Each photovoltaic system discon-
ungrounded conductors of all sources. If the equipment isnecting means shall be suitable for the prevailing conditions.
energized from more than one source, the disconnectingEquipment installed in hazardous (classified) locations shall
means shall be grouped and identified.comply with the requirements of Articles 500 through 517.

A single disconnecting means in accordance with(4) Maximum Number of Disconnects The photovoltaic
690.17 shall be permitted for the combined ac output of onesystem disconnecting means shall consist of not more than
or more inverters or ac modules in an interactive system.six switches or six circuit breakers mounted in a single

enclosure, in a group of separate enclosures, or in or on a
690.16 Fusesswitchboard.
Disconnecting means shall be provided to disconnect a fuse

(5) Grouping The photovoltaic system disconnecting
from all sources of supply if the fuse is energized from both

means shall be grouped with other disconnecting means for
directions and is accessible to other than qualified persons.

the system to comply with 690.14(C)(4). A photovoltaic
Such a fuse in a photovoltaic source circuit shall be capable

disconnecting means shall not be required at the photovoltaic
of being disconnected independently of fuses in other photo-

module or array location.
voltaic source circuits.

PV systems may be one of multiple sources of power for a
Switches, pullouts, or similar devices that have suitable rat-

building or structure, including the utility, the PV array, a
ings may serve as means to disconnect fuses from all sources

backup generator, and a wind system. No more than six
of supply.

disconnects for each source of power to the building are
allowed, and the disconnects for each source should be
grouped together. A PV system may be considered a source 690.17 Switch or Circuit Breaker
of supply separate from a utility source, and each source

The disconnecting means for ungrounded conductors shallmay have up to six grouped disconnects. See 230.2 and
consist of a manually operable switch(es) or circuit break-230.72.
er(s) complying with all of the following requirements:

(D) Utility-Interactive Inverters Mounted in Not- (1) Located where readily accessible
Readily-Accessible Locations Utility-interactive inverters (2) Externally operable without exposing the operator to
shall be permitted to be mounted on roofs or other exterior contact with live parts
areas that are not readily accessible. These installations shall (3) Plainly indicating whether in the open or closed position
comply with (1) through (4): (4) Having an interrupting rating sufficient for the nominal

circuit voltage and the current that is available at the(1) A direct-current photovoltaic disconnecting means shall
line terminals of the equipmentbe mounted within sight of or in the inverter.

(2) An alternating-current disconnecting means shall be
Where all terminals of the disconnecting means may bemounted within sight of or in the inverter.

energized in the open position, a warning sign shall be
mounted on or adjacent to the disconnecting means. TheThe requirements in 690.14(D)(1) and 690.14(D)(2) provide
sign shall be clearly legible and have the following wordsfor servicing disconnects at the inverter.
or equivalent:

(3) The alternating-current output conductors from the in- WARNING
verter and an additional alternating-current discon- ELECTRIC SHOCK HAZARD.
necting means for the inverter shall comply with DO NOT TOUCH TERMINALS. TERMINALS

ON BOTH THE LINE AND690.14(C)(1).
LOAD SIDES MAY BE ENERGIZED

IN THE OPEN POSITION.
The disconnect required by 690.14(C)(1) allows the inverter

Exception: A connector shall be permitted to be used as anand the circuit to it to be de-energized from a readily accessi-
ac or a dc disconnecting means, provided that it compliesble location.
with the requirements of 690.33 and is listed and identified

(4) A plaque shall be installed in accordance with 705.10. for the use.
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690.31Article 690 — Solar Photovoltaic Systems

690.18 Installation and Service of an Array date such a direct series connection without the waste of
one or more conductors in a multiconductor cable, use of aOpen circuiting, short circuiting, or opaque covering shall
single-conductor Type USE, SE, UF, or USE-2 cable isbe used to disable an array or portions of an array for installa-
permitted in PV source circuits. The Article 340 referencetion and service.
to installation as a multiconductor cable permits the single-

FPN: Photovoltaic modules are energized while exposed conductor cable to be routed separately. Long runs of sepa-
to light. Installation, replacement, or servicing of array rated conductors (with loop inductance and distributed ca-components while a module(s) is irradiated may expose

pacitance) and the resulting long-time constants in dc circuitspersons to electric shock.
may result in improper operation of overcurrent devices. It is
suggested that, wherever possible, both positive and negative

To prevent contact by personnel with energized parts during
conductors of each circuit and the equipment grounding

installation, servicing, or other procedures, a number of
conductor be routed as close together as possible to minimize

methods can be used to disable an array or portions of an
the circuit time constant. The smaller loop resulting from the

array. One method, used infrequently because of the expense
close routing also decreases induced currents from nearby

in time and materials, is to cover all of the array or portions
lightning strikes. Because PV modules may operate at high

of it with an opaque material. Care must be taken that all
temperatures and are installed in outdoor, exposed locations,

of the area to be covered is shielded from light.
the use of high-temperature, wet-rated conductors such as

Another method divides the array into nonhazardous
USE-2 is suggested. UF conductors might not have the nec-

segments, which can be accomplished by switches or con-
essary temperature ratings required.

nectors. Also see 690.33.
Short-circuiting all or portions of an array by means of

switches or plug-in connectors, in conjunction with bypass (C) Flexible Cords and Cables Flexible cords and cables,
diodes, can also provide the necessary disablement. (Bypass where used to connect the moving parts of tracking PV
diodes are incorporated in PV modules for performance modules, shall comply with Article 400 and shall be of a
purposes.) type identified as a hard-service cord or portable power

cable; they shall be suitable for extra-hard usage, listed for
outdoor use, water resistant, and sunlight resistant. Allow-

IV. Wiring Methods able ampacities shall be in accordance with 400.5. For ambi-
ent temperatures exceeding 30�C (86�F), the ampacities shall690.31 Methods Permitted
be derated by the appropriate factors given in Table(A) Wiring Systems All raceway and cable wiring meth-
690.31(C).ods included in this Code and other wiring systems and

fittings specifically intended and identified for use on photo- (D) Small-Conductor Cables Single-conductor cables
voltaic arrays shall be permitted. Where wiring devices with listed for outdoor use that are sunlight resistant and moisture
integral enclosures are used, sufficient length of cable shall resistant in sizes 16 AWG and 18 AWG shall be permitted
be provided to facilitate replacement. for module interconnections where such cables meet the

ampacity requirements of 690.8. Section 310.15 shall be usedFPN: Photovoltaic modules operate at elevated tempera-
to determine the cable ampacity and temperature deratingtures when exposed to high ambient temperatures and to

bright sunlight. These temperatures may routinely exceed factors.
70�C (158�F) in many locations. Module interconnection
conductors are available with insulation rated for wet

Because these smaller cables are not normally marked withlocations and a temperature rating of 90�C (194�F) or
standard Code-recognized markings (e.g., USE-2, UF, SE),greater.
the PV module manufacturer or installer should provide

(B) Single-Conductor Cable Types SE, UF, USE, and information establishing that these cables have the necessary
USE-2 single-conductor cable shall be permitted in photo- sunlight and moisture resistance and are suitable for exposed,
voltaic source circuits where installed in the same manner outdoor use.
as a Type UF multiconductor cable in accordance with Part In accordance with 200.6(A), grounded conductors
II of Article 340. Where exposed to sunlight, Type UF cable smaller than 6 AWG that are used in PV source circuits are
identified as sunlight-resistant shall be used. permitted to be marked with a white marking.

Some PV modules are designed for a direct series connection
(E) Direct-Current Photovoltaic Source and Outputby having terminations located at both ends. To accommo-
Circuits Inside a Building Where direct current photovol-
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690.32 Article 690 — Solar Photovoltaic Systems

Table 690.31(C) Correction Factors

Ambient Temperature Rating of Conductor Ambient
Temperature Temperature

(�C) 60�C (140�F) 75�C (167�F) 90�C (194�F) 105�C (221�F) (�F)

30 1.00 1.00 1.00 1.00 86
31–35 0.91 0.94 0.96 0.97 87–95
36–40 0.82 0.88 0.91 0.93 96–104
41–45 0.71 0.82 0.87 0.89 105–113
46–50 0.58 0.75 0.82 0.86 114–122
51–55 0.41 0.67 0.76 0.82 123–131
56–60 — 0.58 0.71 0.77 132–140
61–70 — 0.33 0.58 0.68 141–158
71–80 — — 0.41 0.58 159–176

(D) Grounding Member The grounding member shall betaic source or output circuits of a utility-interactive inverter
from a building-integrated or other photovoltaic system are the first to make and the last to break contact with the mating

connector.run inside a building or structure, they shall be contained
in metallic raceways or enclosures from the point of penetra-

(E) Interruption of Circuit The connectors shall be capa-tion of the surface of the building or structure to the first
ble of interrupting the circuit current without hazard to thereadily accessible disconnecting means. The disconnecting
operator.means shall comply with 690.14(A) through 690.14(D).

Connectors marked ‘‘Do not open under load’’ are generallyThe use of metallic raceways inside a building provides
acceptable.additional physical protection for these circuits. Metallic

raceways also provide additional fire resistance should faults
develop in the cable, and they provide an additional ground

690.34 Access to Boxesfault detection path for the ground-fault protection device
Junction, pull, and outlet boxes located behind modules orrequired by 690.5.
panels shall be so installed that the wiring contained in them
can be rendered accessible directly or by displacement of a

690.32 Component Interconnections module(s) or panel(s) secured by removable fasteners and
connected by a flexible wiring system.Fittings and connectors that are intended to be concealed at

the time of on-site assembly, where listed for such use, shall
690.35 Ungrounded Photovoltaicbe permitted for on-site interconnection of modules or other

array components. Such fittings and connectors shall be Power Systems
equal to the wiring method employed in insulation, tempera- Photovoltaic power systems shall be permitted to operate
ture rise, and fault-current withstand, and shall be capable with ungrounded photovoltaic source and output circuits
of resisting the effects of the environment in which they are where the system complies with 690.35(A) through
used. 690.35(G).

690.33 Connectors (A) Disconnects All photovoltaic source and output circuit
conductors shall have disconnects complying with 690, PartThe connectors permitted by Article 690 shall comply with
III.690.33(A) through 690.33(E).

(B) Overcurrent Protection All photovoltaic source and(A) Configuration The connectors shall be polarized and
output circuit conductors shall have overcurrent protectionshall have a configuration that is noninterchangeable with
complying with 690.9.receptacles in other electrical systems on the premises.

(B) Guarding The connectors shall be constructed and in- (C) Ground-Fault Protection All photovoltaic source and
stalled so as to guard against inadvertent contact with live output circuits shall be provided with a ground-fault protec-
parts by persons. tion device or system that complies with (1) through (3):

(C) Type The connectors shall be of the latching or locking (1) Detects a ground fault.
(2) Indicates that a ground fault has occurredtype.
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690.43Article 690 — Solar Photovoltaic Systems

(3) Automatically disconnects the conductors and/or shuts volts and the reference (center tap) conductor of a bipolar
system shall be solidly grounded or shall use other methodsoff the utility-interactive inverter or charge controller

for that portion of the faulted array that accomplish equivalent system protection in accordance
with 250.4(A) and that utilize equipment listed and identified(D) The photovoltaic source and output conductors shall
for the use.consist of sheathed (jacketed) multi-conductor cables or shall

be installed in a raceway.
Low-voltage systems that are not grounded must have over-
current protection in each of the ungrounded conductors, asSince there are no double-insulated, single-conductor cables
required by 240.21.available or listed in the United States, a multiconductor

Other methods that employ available equipment maysheathed (jacketed) cable was included as an option to pro-
be used to achieve objectives contained in 250.4(A), therebyvide the double layers of insulation without using conduit.
providing protection for the PV power source circuits equiv-Single-conductor, double-insulated cables, when listed to an
alent to solid grounding.appropriate UL standard, meet the intent of this requirement.

(E) The photovoltaic power system direct-current circuits Exception: Systems complying with 690.35.
shall be permitted to be used with ungrounded battery sys-
tems complying with 690.71(G).

690.42 Point of System Grounding Connection
(F) The photovoltaic power source shall be labeled with

The dc circuit grounding connection shall be made at any
the following warning at each junction box, combiner box,

single point on the photovoltaic output circuit.
disconnect, and device where the ungrounded circuits may
be exposed during service: FPN: Locating the grounding connection point as close

as practicable to the photovoltaic source better protectsWARNING
the system from voltage surges due to lightning.ELECTRIC SHOCK HAZARD. THE DIRECT

CURRENT CIRCUIT CONDUCTORS OF THIS
PHOTOVOLTAIC POWER SYSTEM ARE If other than solid grounding is utilized, as permitted by

UNGROUNDED BUT MAY BE ENERGIZED
690.41, the connections should be made in accordance withWITH RESPECT TO GROUND DUE TO
the markings found on the equipment or in the installationLEAKAGE PATHS AND/OR GROUND FAULTS.
instructions.

Stand-alone PV systems might require the groundingPV dc circuits operate in outdoor environments and are
connection point to be located close to the high-currentexpected to be energized for 40 years or more. Aging of the
conductors associated with the battery and the inverter.conductors, dust and dirt infiltration, and moisture and water

PV systems on the roofs of dwellings that requireintrusion create leakage paths from the conductors to ground.
ground-fault protection devices (see 690.5) might requireThese high-resistance leakage paths can result in leakage
that the single-point grounding connection be made insidecurrent values less than those detected by the required
the ground-fault protection equipment or inside the utility-ground-fault detection device, but they can cause any un-
interactive inverter. Connections should be made in accor-grounded conductor to become a potential shock hazard with
dance with markings on the equipment or in the installationrespect to ground.
instructions.

(G) The inverters or charge controllers used in systems with
ungrounded photovoltaic source and output circuits shall be 690.43 Equipment Grounding
listed for the purpose. Exposed non–current-carrying metal parts of module frames,

equipment, and conductor enclosures shall be grounded
Many types of PV equipment are designed to operate only in accordance with 250.134 or 250.136(A) regardless of
on grounded systems. Equipment to be used on ungrounded voltage.
systems must be tested and evaluated for such use.

Equipment grounding is required even in low-voltage (12-
and 24-volt) systems not otherwise required to have a systemV. Grounding
ground. A grounding electrode must be added to an un-690.41 System Grounding
grounded system to accommodate the equipment grounds.

For a photovoltaic power source, one conductor of a two- To maintain the shortest electrical time constant in each
wire system with a photovoltaic system voltage over 50
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690.45 Article 690 — Solar Photovoltaic Systems

circuit conductors and equipment grounding conductorsdc circuit, the equipment grounding conductor should be
routed as close as possible to the circuit conductors. This have the same near-zero potential to earth.
facilitates the operation of overcurrent devices.

(1) A grounding-electrode conductor shall be connected
between the identified dc grounding point to a separate690.45 Size ofEquipmentGroundingConductor
dc grounding electrode. The dc grounding-electrode

Where not protected by the ground-fault protection equip-
conductor shall be sized according to 250.166. The dc

ment required by 690.5, the equipment-grounding conductor
grounding electrode shall be bonded to the ac grounding

for photovoltaic source and photovoltaic output circuits shall
electrode to make a grounding electrode system ac-

be sized for 125 percent of the photovoltaic-originated short-
cording to 250.52 and 250.53. The bonding conductor

circuit currents in that circuit. Where protected by the
shall be no smaller than the largest grounding electrode

ground-fault protection equipment required by 690.5, the
conductor, either ac or dc.

equipment-grounding conductors for photovoltaic source
(2) The dc grounding electrode conductor and ac grounding

and photovoltaic output circuits shall be sized in accordance
electrode conductor shall be connected to a single

with 250.122.
grounding electrode. The separate grounding electrode
conductors shall be sized as required by 250.66 (ac)

In systems where a ground-fault protection device according and 250.166 (dc).
to 690.5 is not used, and the circuit conductors are oversized
for voltage drop, the requirements of 250.122(B) must be 690.48 Continuity of Equipment
followed. Grounding Systems

Some PV systems (primarily utility-interactive) with Where the removal of equipment disconnects the bonding
ground-fault protection devices do not require overcurrent connection between the grounding electrode conductor and
devices in the PV source or output circuits, and 250.122 exposed conducting surfaces in the photovoltaic source or
cannot be used to size the equipment grounding conductors. output circuit equipment, a bonding jumper shall be installed
In these cases, the equipment grounding conductor for a PV while the equipment is removed.
source or output circuit should be sized at least 125 percent
of the PV-originated short-circuit current in that circuit.

PV source and output circuits are energized anytime the PV
modules are exposed to light. The equipment grounding
system is a primary line of defense against electric shocks690.47 Grounding Electrode System
and fires. In many PV systems, the main bonding jumper(A) Alternating-Current Systems If installing an ac sys-
and the equipment grounding bus bar are located in thetem, a grounding electrode system shall be provided in accor-
inverter or a dc power center that may require removal fordance with 250.50 through 250.60. The grounding electrode
service. The continuity of the equipment grounding conduc-conductor shall be installed in accordance with 250.64.
tors should be maintained even when the equipment is re-
moved.(B) Direct-Current Systems If installing a dc system, a

grounding electrode system shall be provided in accordance
with 250.166 for grounded systems or 250.169 for un- 690.49 Continuity of Photovoltaic Source and
grounded systems. The grounding electrode conductor shall Output Circuit Grounded Conductors
be installed in accordance with 250.64.

Where the removal of the utility-interactive inverter or other
equipment disconnects the bonding connection between the(C) Systems with Alternating-Current and Direct-

Current Grounding Requirements Photovoltaic power grounding electrode conductor and the photovoltaic source
and/or photovoltaic output circuit grounded conductor, asystems with both alternating-current and direct-current (dc)

grounding requirements shall be permitted to be grounded bonding jumper shall be installed to maintain the system
grounding while the inverter or other equipment is removed.as described in (1) or (2):

Inverters used in PV power systems usually contain a trans- PV source and output circuits are energized anytime the PV
modules are exposed to light. The marked, grounded circuitformer that isolates the dc grounded circuit conductor from

the ac grounded circuit conductor. This isolation necessitates conductors should always remain grounded because they
may be energized daily and cannot be easily disconnectedthat both a dc and an ac grounding system be installed. The

two grounding systems are to be bonded together or have from the source. In many PV systems, the main bonding
jumper is located in the inverter or a dc power center thata common grounding electrode so that all ac and dc grounded
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690.61Article 690 — Solar Photovoltaic Systems

of series-connected modules and adding current ratings ofmay require removal for service. The continuity to ground
of the grounded circuit conductors should be maintained parallel-connected modules or PV source circuits.

With respect to the fine print note, a deliberate increaseeven when the equipment is removed.
in the level of irradiance by reflectors or the like can cause
the power source to operate at levels above those recom-VI. Marking mended by the manufacturer. See 110.3.

690.51 Modules
Modules shall be marked with identification of terminals or 690.54 Interactive System Point
leads as to polarity, maximum overcurrent device rating for

of Interconnectionmodule protection, and with the following ratings:
All interactive system(s) points of interconnection with other(1) Open-circuit voltage
sources shall be marked at an accessible location at the(2) Operating voltage
disconnecting means as a power source with the maximum(3) Maximum permissible system voltage
ac output operating current and the operating ac voltage.(4) Operating current

(5) Short-circuit current
690.55 Photovoltaic Power Systems Employing(6) Maximum power
Energy Storage

690.52 Alternating-Current Photovoltaic power systems employing energy storage shall
Photovoltaic Modules also be marked with the maximum operating voltage, includ-

ing any equalization voltage and the polarity of the groundedAlternating-current modules shall be marked with identifica-
circuit conductor.tion of terminals or leads and with identification of the

following ratings:
690.56 Identification of Power Sources(1) Nominal operating ac voltage
(A) Facilities with Stand-Alone Systems Any structure(2) Nominal operating ac frequency
or building with a photovoltaic power system that is not(3) Maximum ac power
connected to a utility service source and is a stand-alone(4) Maximum ac current
system shall have a permanent plaque or directory installed(5) Maximum overcurrent device rating for ac module pro-
on the exterior of the building or structure at a readily visibletection
location acceptable to the authority having jurisdiction. The
plaque or directory shall indicate the location of system690.53 Direct-Current Photovoltaic
disconnecting means and that the structure contains a stand-Power Source
alone electrical power system.A marking for the direct-current photovoltaic power source

indicating items (1) through (4) shall be provided by the (B) Facilities with Utility Services and PV Systems
installer at an accessible location at the disconnecting means Buildings or structures with both utility service and a photo-
for this power source: voltaic system shall have a permanent plaque or directory

providing the location of the service disconnecting means(1) Operating current
and the photovoltaic system disconnecting means, if not(2) Operating voltage
located at the same location.(3) Maximum system voltage

(4) Short-circuit current
VII. Connection to Other SourcesFPN: Reflecting systems used for irradiance enhance-

ment may result in increased levels of output current and 690.60 Identified Interactive Equipment
power.

Only inverters and ac modules listed and identified as inter-
active shall be permitted in interactive systems.

After installation of PV arrays, it may be difficult to deter-
mine the system’s rated voltage and current. These ratings, 690.61 Loss of Interactive System Power
along with the open-circuit voltage and short-circuit current,

An inverter or an ac module in an interactive solar photovol-are necessary to size the remainder of the system compo-
taic system shall automatically de-energize its output to thenents, as specified elsewhere in Article 690.
connected electrical production and distribution networkGenerally, the marking described in 690.53 is required
upon loss of voltage in that system and shall remain in thatto be provided by the installer. The rated values for the PV
state until the electrical production and distribution networkpower source can be calculated by adding voltage ratings
voltage has been restored.
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690.62 Article 690 — Solar Photovoltaic Systems

(3) The interconnection point shall be on the line side ofA normally interactive solar photovoltaic system shall
be permitted to operate as a stand-alone system to supply all ground-fault protection equipment.
loads that have been disconnected from electrical production

Exception: Connection shall be permitted to be made to the
and distribution network sources.

load side of ground-fault protection, provided that there is
ground-fault protection for equipment from all ground-fault

The requirement of 690.61 prevents energizing of otherwise current sources.
de-energized system conductors or output conductors of
other off-site sources (e.g., an electrical utility) and is in-

Load-side connection of energy sources to commonly avail-
tended to prevent electric shock. This feature normally is

able ac GFCI and ac equipment ground-fault protection cir-
provided as part of the utility-interactive inverter.

cuit breakers may result in backfeed currents from the PV
system output. Tests have shown that backfeed currents

690.62 Ampacity of Neutral Conductor through these devices may damage them and prevent proper
operation. Load-side connections to these devices shouldIf a single-phase, 2-wire inverter output is connected to the
not be made.neutral and one ungrounded conductor (only) of a 3-wire

system or of a 3-phase, 4-wire wye-connected system, the
maximum load connected between the neutral and any one
ungrounded conductor plus the inverter output rating shall (4) Equipment containing overcurrent devices in circuits
not exceed the ampacity of the neutral conductor. supplying power to a busbar or conductor shall be

marked to indicate the presence of all sources.
690.63 Unbalanced Interconnections

Exception: Equipment with power supplied from a single(A) Single Phase Single-phase inverters for photovoltaic
point of connection.systems and ac modules in interactive solar photovoltaic

systems shall not be connected to 3-phase power systems (5) Circuit breakers, if backfed, shall be identified for such
unless the interconnected system is designed so that signifi- operation. Dedicated circuit breakers backfed from
cant unbalanced voltages cannot result. listed utility-interactive inverters complying with

690.60 shall not be required to be individually clamped(B) Three Phase Three-phase inverters and 3-phase ac
to the panelboard busbars. A front panel shall clamp allmodules in interactive systems shall have all phases automat-
circuit breakers to the panelboard busbars. Main circuitically de-energized upon loss of, or unbalanced, voltage in
breakers connected directly to energized feeders shallone or more phases unless the interconnected system is
also be individually clamped.designed so that significant unbalanced voltages will not

result.
Circuit breakers notmarked ‘‘Line’’ and ‘‘Load’’ are consid-

690.64 Point of Connection ered to be identified as suitable for backfeeding.
The output of a photovoltaic power source shall be connected
as specified in 690.64(A) or 690.64(B).

VIII. Storage Batteries(A) Supply Side A photovoltaic power source shall be per-
mitted to be connected to the supply side of the service 690.71 Installation
disconnecting means as permitted in 230.82(6). (A) General Storage batteries in a solar photovoltaic sys-

tem shall be installed in accordance with the provisions(B) Load Side A photovoltaic power source shall be per-
mitted to be connected to the load side of the service discon- of Article 480. The interconnected battery cells shall be

considered grounded where the photovoltaic power sourcenecting means of the other source(s) at any distribution
equipment on the premises, provided that all of the following is installed in accordance with 690.41.
conditions are met:

Batteries in PV power systems are usually grounded when(1) Each source interconnection shall be made at a dedicated
the PV power system is grounded in accordance with Articlecircuit breaker or fusible disconnecting means.
690, Part VI.(2) The sum of the ampere ratings of overcurrent devices

in circuits supplying power to a busbar or conductor
shall not exceed the rating of the busbar or conductor.

(B) Dwellings
Exception: For a dwelling unit, the sum of the ampere rat-
ings of the overcurrent devices shall not exceed 120 percent (1) OperatingVoltage Storage batteries for dwellings shall

have the cells connected so as to operate at less than 50of the rating of the busbar or conductor.
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690.72Article 690 — Solar Photovoltaic Systems

volts nominal. Lead-acid storage batteries for dwellings shall four 2-volt cells are connected in series (48 volts, nominal),
shall have provisions to disconnect the series-connectedhave no more than twenty-four 2-volt cells connected in

series (48 volts nominal). strings into segments of 24 cells or less for maintenance by
qualified persons. Non–load-break bolted or plug-in discon-Exception: Where live parts are not accessible during rou-
nects shall be permitted.tine battery maintenance, a battery system voltage in accor-

dance with 690.7 shall be permitted. (F) Battery Maintenance Disconnecting Means Battery
installations, where there are more than twenty-four 2-volt(2) Guarding of Live Parts Live parts of battery systems
cells connected in series (48 volts, nominal), shall have afor dwellings shall be guarded to prevent accidental contact
disconnecting means, accessible only to qualified persons,by persons or objects, regardless of voltage or battery type.
that disconnects the grounded circuit conductor(s) in the

FPN: Batteries in solar photovoltaic systems are subject
battery electrical system for maintenance. This discon-to extensive charge–discharge cycles and typically re-
necting means shall not disconnect the grounded circuit con-quire frequent maintenance, such as checking electrolyte

and cleaning connections. ductor(s) for the remainder of the photovoltaic electrical
system. A non–load-break-rated switch shall be permitted
to be used as the disconnecting means.At any voltage, a primary safety concern in battery systems

is that a fault (e.g., a metal tool dropped onto a terminal)
(G) Battery Systems ofMore Than 48Volts On photovol-might cause a fire or an explosion. Guarded, as defined in
taic systems where the battery system consists of more thanArticle 100, describes the best method to reduce this hazard.
twenty-four 2-volt cells connected in series (more than 48
volts, nominal), the battery system shall be permitted to

(C) Current Limiting A listed, current-limiting, overcur- operate with ungrounded conductors, provided the following
rent device shall be installed in each circuit adjacent to the conditions are met:
batteries where the available short-circuit current from a

(1) The photovoltaic array source and output circuits shallbattery or battery bank exceeds the interrupting or withstand
comply with 690.41.ratings of other equipment in that circuit. The installation

(2) The dc and ac load circuits shall be solidly grounded.of current-limiting fuses shall comply with 690.16.
(3) All main ungrounded battery input/output circuit con-

ductors shall be provided with switched disconnects and
Large banks of storage batteries can deliver significant overcurrent protection.
amounts of short-circuit current. Current-limiting overcur- (4) A ground-fault detector and indicator shall be installed
rent devices should be used if necessary. to monitor for ground faults in the battery bank.

(D) Battery Nonconductive Cases and Conductive Racks 690.72 Charge Control
Flooded, vented, lead-acid batteries with more than twenty- (A) General Equipment shall be provided to control the
four 2-volt cells connected in series (48 volts, nominal) charging process of the battery. Charge control shall not be
shall not use conductive cases or shall not be installed in required where the design of the photovoltaic source circuit
conductive cases. Conductive racks used to support the non- is matched to the voltage rating and charge current require-
conductive cases shall be permitted where no rack material ments of the interconnected battery cells and the maximum
is located within 150 mm (6 in.) of the tops of the nonconduc- charging current multiplied by 1 hour is less than 3 percent
tive cases. of the rated battery capacity expressed in ampere-hours or

This requirement shall not apply to any type of valve- as recommended by the battery manufacturer.
regulated lead-acid (VRLA) battery or any other types All adjusting means for control of the charging process
of sealed batteries that may require steel cases for proper shall be accessible only to qualified persons.
operation.

FPN: Certain battery types such as valve-regulated lead
acid or nickel cadmium can experience thermal failure

Grounded metal trays and cases or containers (as normally when overcharged.
required by 250.110) in flooded, lead-acid battery systems
operating over 48 volts, nominal, have been shown to be a (B) Diversion Charge Controller
contributing factor in ground faults. Nonconductive racks,

(1) Sole Means of Regulating Charging A photovoltaic
trays, and cases minimize this problem.

power system employing a diversion charge controller as
the sole means of regulating the charging of a battery shall
be equipped with a second independent means to prevent(E) Disconnection of Series Battery Circuits Battery cir-

cuits subject to field servicing, where more than twenty- overcharging of the battery.
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690.74 Article 692 — Fuel Cell Systems

physical and chemical-resistant properties should be used.(2) Circuits with Direct-Current Diversion Charge Con-
troller and Diversion Load Circuits containing a dc diver- Welding and ‘‘battery’’ cables are not allowed or described

in theNEC for this use. Flexible ‘‘building wire’’–type cablession charge controller and a dc diversion load shall comply
with the following: (Chapter 3) are also available and suitable for this use.

(1) The current rating of the diversion load shall be less
than or equal to the current rating of the diversion load IX. Systems Over 600 Volts
charge controller. The voltage rating of the diversion

690.80 Generalload shall be greater than the maximum battery voltage.
Solar photovoltaic systems with a maximum system voltageThe power rating of the diversion load shall be at least
over 600 volts dc shall comply with Article 490 and other150 percent of the power rating of the photovoltaic
requirements applicable to installations rated over 600 volts.array.

(2) The conductor ampacity and the rating of the overcur-
690.85 Definitionsrent device for this circuit shall be at least 150 percent
For the purposes of Part IX of this article, the voltages usedof the maximum current rating of the diversion charge
to determine cable and equipment ratings are as follows.controller.

Battery Circuits. In battery circuits, the highest voltage
If any portion of a diversion charge control system fails, the experienced under charging or equalizing conditions.
batteries may be overcharged and can create a potentially

PhotovoltaicCircuits. Indcphotovoltaic sourcecircuits and
hazardous condition. Requiring a second, independent

photovoltaic output circuits, the maximum system voltage.
charge control method (usually a series regulator) and robust
diversion controller circuits minimize the potential prob-
lems. ARTICLE 692

Fuel Cell Systems
(3) PV Systems Using Utility-Interactive Inverters Pho-
tovoltaic power systems using utility-interactive inverters to

Summary of Changescontrol battery state-of-charge by diverting excess power
• 692.1: Revised to indicate the system may have ac or dcinto the utility system shall comply with (1) and (2):

output.
(1) These systems shall not be required to comply with

• 692.54: Revised to clarify that marking of the fuel shutoff690.72(B)(2). The charge regulation circuits used shall
valve location, but not the shutoff valve, is required atcomply with the requirements of 690.8.
the primary disconnect location.(2) These systems shall have a second, independent means

of controlling the battery charging process for use when
the utility is not present or when the primary charge
controller fails or is disabled. Contents

I. General690.74 Battery Interconnections
692.1 Scope

Flexible cables, as identified in Article 400, in sizes 2/0 692.2 Definitions
AWG and larger shall be permitted within the battery enclo- 692.3 Other Articles
sure from battery terminals to a nearby junction box where 692.4 Installation
they shall be connected to an approved wiring method. Flexi- (A) Fuel Cell System
ble battery cables shall also be permitted between batteries (B) Identification
and cells within the battery enclosure. Such cables shall 692.6 Listing Requirement
be listed for hard-service use and identified as moisture II. Circuit Requirements
resistant. 692.8 Circuit Sizing and Current

(A) Nameplate Rated Circuit Current
(B) Conductor Ampacity and Overcurrent DeviceBattery plates and terminals are frequently constructed of

relatively soft lead and lead alloys encased in plastics that are Ratings
(C) Ampacity of Grounded or Neutral Conductorsealed with asphalt. Large-size, low-stranding stiff copper

conductors attached to these components can cause them to 692.9 Overcurrent Protection
(A) Circuits and Equipmentbe distorted. The use of flexible cables (see Article 400)

reduces such distortions. Listed cables with the appropriate (B) Accessibility
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692.3Article 692 — Fuel Cell Systems

The principle of operation is that dc is generated through
692.10 Stand-Alone Systems a chemical reaction in which fuel such as natural gas or LP-

(A) Fuel Cell System Output Gas is consumed. As opposed to internal combustion prime
(B) Sizing and Protection movers, the consumption of the fuel gas is via an electro-
(C) Single 120-Volt Nominal Supply chemical process rather than a combustion process. A power

III. Disconnecting Means inverter converts the dc to ac. The installation requirements
692.13 All Conductors of Article 692 allow power derived from fuel cells to be
692.14 Provisions safely delivered into residential and light commercial occu-
692.17 Switch or Circuit Breaker pancies as the sole source of electrical power or as an inte-

IV. Wiring Methods grated source with a utility or other power source.
692.31 Wiring Systems

V. Grounding
692.41 System Grounding 692.2 Definitions

(A) Stand-Alone Systems
Fuel Cell. An electrochemical system that consumes fuel(B) Other Than Stand-Alone Systems
to produce an electric current. The main chemical reaction692.44 Equipment Grounding Conductor
used in a fuel cell for producing electric power is not combus-692.45 Size of Equipment Grounding Conductor
tion. However, there may be sources of combustion used692.47 Grounding Electrode System
within the overall fuel cell system such as reformers/fuelVI. Marking
processors.692.53 Fuel Cell Power Sources

692.54 Fuel Shut-Off Fuel Cell System. The complete aggregate of equipment
692.56 Stored Energy used to convert chemical fuel into usable electricity. A fuel

VII. Connection to Other Circuits cell system typically consists of a reformer, stack, power
692.59 Transfer Switch inverter, and auxiliary equipment.
692.60 Identified Interactive Equipment

Interactive System. A fuel cell system that operates in692.61 Output Characteristics
parallel with and may deliver power to an electrical produc-692.62 Loss of Interactive System Power
tion and distribution network. For the purpose of this defini-692.64 Unbalanced Interconnections
tion, an energy storage subsystem of a fuel cell system, such(A) Single Phase
as a battery, is not another electrical production source.(B) Three Phase

692.65 Point of Connection Maximum System Voltage. The highest fuel cell inverter
(A) Supply Side output voltage between any ungrounded conductors present
(B) Load Side at accessible output terminals.

VIII. Outputs Over 600 Volts
Output Circuit. The conductors used to connect the fuel692.80 General
cell system to its electrical point of delivery. In the case of
sites that have series- or parallel-connected multiple units,

I. General the term output circuit also refers to the conductors used to
electrically interconnect the fuel cell system(s).692.1 Scope

This article identifies the requirements for the installation Point of Common Coupling. The point at which the power
of fuel cell power systems, which may be stand-alone or production and distribution network and the customer inter-
interactive with other electrical power production sources face occurs in an interactive system. Typically, this is the
and may be with or without electrical energy storage such load side of the power network meter.
as batteries. These systems may have ac or dc output for

Stand-Alone System. A fuel cell system that suppliesutilization.
power independently of an electrical production and distribu-
tion network.

The rising demand for electrical power has led to the devel-
opment of power sources that are viable alternatives to or can 692.3 Other Articles
be interconnected with electric utility distribution systems.

Wherever the requirements of other articles of this CodeArticle 692, which was new in the 2002 Code, covers the
and Article 692 differ, the requirements of Article 692 shallinstallation of on-premises electrical supply systems where
apply, and, if the system is operated in parallel with a primarythe power is derived from an emerging technology—fuel
source(s) of electricity, the requirements in 705.14, 705.16,cells.
705.32, and 705.43 shall apply.
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692.4 Article 692 — Fuel Cell Systems

(A) Fuel Cell System Output The fuel cell system output692.4 Installation
from a stand-alone system shall be permitted to supply ac(A) Fuel Cell System A fuel cell system shall be permitted
power to the building or structure disconnecting means atto supply a building or other structure in addition to any
current levels below the rating of that disconnecting means.service(s) of another electricity supply system(s).

(B) Sizing and Protection The circuit conductors between(B) Identification A permanent plaque or directory, denot-
the fuel cell system(s) output and the building or structureing all electrical power sources on or in the premises, shall
disconnecting means shall be sized based on the output ratingbe installed at each service equipment location.
of the fuel cell system(s). These conductors shall be protected
from overcurrents in accordance with 240.4. The overcurrent692.6 Listing Requirement
protection shall be located at the output of the fuel cellThe fuel cell system shall be evaluated and listed for its
system(s).intended application prior to installation.
(C) Single 120-Volt Nominal Supply The inverter output
of a stand-alone fuel cell system shall be permitted to supplyBecause the fuel cell system typically is a component of the
120 volts, nominal, to single-phase, 3-wire 120/240-voltpremises wiring system, to facilitate its implementation into
service equipment or distribution panels where there are nocommercial use, 692.6 requires that the system be evaluated
240-volt loads and where there are no multiwire branchand listed for its intended use.
circuits. In all installations, the rating of the overcurrent
device connected to the output of the fuel cell system(s)

II. Circuit Requirements shall be less than the rating of the service equipment. This
equipment shall be marked as follows:692.8 Circuit Sizing and Current

WARNING(A) Nameplate Rated Circuit Current The nameplate(s)
SINGLE 120-VOLT SUPPLY.rated circuit current shall be the rated current indicated on

DO NOT CONNECT MULTIWIREthe fuel cell nameplate(s).
BRANCH CIRCUITS!

(B) Conductor Ampacity and Overcurrent Device Rat-
III. Disconnecting Meansings The ampacity of the feeder circuit conductors from the

fuel cell system(s) to the premises wiring system shall not 692.13 All Conductors
be less than the greater of (1) nameplate(s) rated circuit

Means shall be provided to disconnect all current-carrying
current or (2) the rating of the fuel cell system(s) overcurrent

conductors of a fuel cell system power source from all other
protective device(s).

conductors in a building or other structure.
(C) Ampacity of Grounded or Neutral Conductor If an

692.14 Provisionsinteractive single-phase, 2-wire fuel cell output(s) is con-
nected to the grounded or neutral conductor and a single The provisions of 225.31 and 225.33 through 225.40 shall
ungrounded conductor of a 3-wire system or of a 3-phase, apply to the fuel cell source disconnecting means. The dis-
4-wire wye-connected system, the maximum unbalanced connecting means shall not be required to be suitable as
neutral load current plus the fuel cell system(s) output rating service equipment and shall be rated in accordance with
shall not exceed the ampacity of the grounded or neutral 692.17.
conductor.

692.17 Switch or Circuit Breaker
692.9 Overcurrent Protection The disconnecting means for ungrounded conductors shall
(A) Circuits and Equipment If the fuel cell system is consist of readily accessible, manually operable switch(es)
provided with overcurrent protection sufficient to protect or circuit breaker(s).
the circuit conductors that supply the load, additional circuit Where all terminals of the disconnecting means may be
overcurrent devices shall not be required. Equipment and energized in the open position, a warning sign shall be
conductors connected to more than one electrical source mounted on or adjacent to the disconnecting means. The
shall be protected. sign shall be clearly legible and shall have the following

words or equivalent:(B) Accessibility Overcurrent devices shall be readily
DANGERaccessible.

ELECTRIC SHOCK HAZARD.
DO NOT TOUCH TERMINALS.692.10 Stand-Alone Systems

TERMINALS ON BOTH THE LINE AND
The premises wiring system shall meet the requirements of LOAD SIDES MAY BE ENERGIZED

IN THE OPEN POSITION.this Code except as modified by 692.10(A), (B), and (C).
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692.64Article 692 — Fuel Cell Systems

692.56 Stored EnergyIV. Wiring Methods
A fuel cell system that stores electrical energy shall require692.31 Wiring Systems
the following warning sign, or equivalent, at the location of

All raceway and cable wiring methods included in Chapter the service disconnecting means of the premises:
3 of this Code and other wiring systems and fittings specifi-
cally intended and identified for use with fuel cell systems WARNING

FUEL CELL POWER SYSTEM CONTAINSshall be permitted. Where wiring devices with integral enclo-
ELECTRICAL ENERGY STORAGE DEVICES.sures are used, sufficient length of cable shall be provided

to facilitate replacement.
VII. Connection to Other Circuits

V. Grounding
692.59 Transfer Switch

692.41 System Grounding A transfer switch shall be required in non–grid-interactive
For a fuel cell system output circuit, one conductor of a 2- systems that use utility grid backup. The transfer switch
wire system rated over 50 volts and a neutral conductor of shall maintain isolation between the electrical production
a 3-wire system shall be solidly grounded by either and distribution network and the fuel cell system. The
692.41(A) or 692.41(B). transfer switch shall be permitted to be located externally

or internally to the fuel cell system unit. When the utility
(A) Stand-Alone Systems Grounding and bonding shall service conductors of the structure are connected to the
be in accordance with 250.30. transfer switch, the switch shall comply with Article 230,

Part V.(B) Other Than Stand-Alone Systems

(1) Two-Wire Systems One conductor shall be terminated
692.60 Identified Interactive Equipmentat the grounded circuit conductor terminal of the premises

wiring system. Only fuel cell systems listed and identified as interactive
shall be permitted in interactive systems.

(2) Three-Wire Systems The neutral conductor shall be
terminated at the grounded circuit conductor terminal of the

692.61 Output Characteristicspremises wiring system.
The output of a fuel cell system operating in parallel with
an electric supply system shall be compatible with the volt-692.44 Equipment Grounding Conductor
age, wave shape, and frequency of the system to which itA separate equipment grounding conductor shall be installed.
is connected.

692.45 Size ofEquipmentGroundingConductor
FPN: The term compatible does not necessarily mean

The equipment grounding conductor shall be sized in accor- matching the primary source wave shape.
dance with 250.122.

692.62 Loss of Interactive System Power
692.47 Grounding Electrode System

The fuel cell system shall be provided with a means of
Any supplementary grounding electrode(s) required by the detecting when the electrical production and distribution
manufacturer shall be connected to the equipment grounding network has become de-energized and shall not feed the
conductor specified in 250.118. electrical production and distribution network side of the

point of common coupling during this condition. The fuelVI. Marking cell system shall remain in that state until the electrical
production and distribution network voltage has been692.53 Fuel Cell Power Sources
restored.A marking specifying the fuel cell system, output voltage,

A normally interactive fuel cell system shall be permit-output power rating, and continuous output current rating
ted to operate as a stand-alone system to supply loads thatshall be provided at the disconnecting means for the fuel
have been disconnected from electrical production and distri-cell power source at an accessible location on the site.
bution network sources.

692.54 Fuel Shut-Off
692.64 Unbalanced InterconnectionsThe location of the manual fuel shut-off valve shall be

marked at the location of the primary disconnecting means (A) Single Phase Single-phase interactive fuel cell systems
shall not be connected to a 3-phase power system unless theof the building or circuits supplied.
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692.65 Article 695 — Fire Pumps

interactive system is so designed that significant unbalanced ARTICLE 695
voltages cannot result. Fire Pumps
(B) Three Phase Three-phase interactive fuel cell systems
shall have all phases automatically de-energized upon loss

Summary of Changesof voltage, or upon unbalance of voltage in one or more
• 695.2: Revised to make it clear that ‘‘fault tolerant’’ ap-phases, unless the interactive system is designed so that

plies to the entire circuit, not just the conductors.significant unbalanced voltages will not result.

• 695.4(B)(1), 695.5(B), and 695.5(C)(2): Revised to spec-
692.65 Point of Connection ify that the requirement to carry locked-rotor currents

indefinitely applies only to overcurrent devices in the fireThe output of a fuel cell system power source shall be
pump motor supply circuit.connected as specified in 692.65(A) or 692.65(B).

• 695.6(D): Revised to clarify that fire pump feeder and(A) Supply Side A fuel cell system power source shall be
branch circuit conductors are required to have short-circuitpermitted to be connected to the supply side of the service
protection only.disconnecting means as permitted in 230.82(6).

• 695.6(E): Revised to permit listed Type MC cable with
(B) Load Side A fuel cell system power source shall be an impervious covering as a fire pump motor wiring
permitted to be connected to the load side of the service method on the load side of the controller.
disconnecting means of the other source(s) at any distribu-

• 695.6(H): Added new section prohibits ground-fault pro-tion equipment on the premises, provided that all of the
tection of equipment for fire pump supply circuits.following conditions are met:

• 695.14(E): Revised to permit listed Type MC cable with
(1) Each source interconnection shall be made at a dedicated an impervious covering as a wiring method for fire pump

circuit breaker or fusible disconnecting means. control wiring.
(2) The sum of the ampere ratings of overcurrent devices

in circuits supplying power to a busbar or conductor
shall not exceed the rating of the busbar or conductor.

Exception: For a dwelling unit, the sum of the ampere rat-
Contentsings of the overcurrent devices shall not exceed 120 percent
695.1 Scopeof the rating of the busbar or conductor.

(A) Covered
(3) The interconnection point shall be on the line side of (B) Not Covered

all ground-fault protection equipment. 695.2 Definitions
(4) Equipment containing overcurrent devices in circuits 695.3 Power Source(s) for Electric Motor-Driven Fire

supplying power to a busbar or conductor shall be Pumps
marked to indicate the presence of all sources. (A) Individual Sources

(5) Equipment such as circuit breakers, if backfed, shall be (B) Multiple Sources
identified for such operation. 695.4 Continuity of Power

(6) The circuit breaker on the dedicated output of a utility- (A) Direct Connection
interactive inverter shall be positioned in the distribution (B) Supervised Connection
equipment at the opposite (load) end from the input 695.5 Transformers
feeder connection or main circuit location. A permanent (A) Size
warning label shall be applied to the distribution equip- (B) Overcurrent Protection
ment with the following, or equivalent: (C) Feeder Source

695.6 Power WiringWARNING
(A) Service ConductorsFUEL CELL POWER SYSTEM OUTPUT.

DO NOT RELOCATE THIS CIRCUIT BREAKER. (B) Circuit Conductors
(C) Conductor Size
(D) Overload ProtectionVIII. Outputs Over 600 Volts
(E) Pump Wiring692.80 General
(F) Junction Points

Fuel cell systems with a maximum output voltage over 600 (G) Mechanical Protection
volts ac shall comply with the requirements of other articles (H) Ground Fault Protection of Equipment
applicable to such installations.
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695.2Article 695 — Fire Pumps

and NFPA 20. Performance issues, including the determina-
695.7 Voltage Drop tion of power supply reliability, are under the jurisdiction

695.10 Listed Equipment of the NFPA Technical Committee on Fire Pumps, while
695.12 Equipment Location electrical installation requirements are within the purview

(A) Controllers and Transfer Switches of the National Electrical Code Committee. Many of the
(B) Engine-Drive Controllers requirements in Article 695 are extracted from the 2003
(C) Storage Batteries edition of NFPA 20, as indicated by a bracketed reference
(D) Energized Equipment at the end of the NEC requirement. Proposals for changes
(E) Protection Against Pump Water to the extracted requirements in Article 695 have to be
(F) Mounting processed by the NFPA 20 committee because they have

695.14 Control Wiring the primary responsibility for that technical content. The
(A) Control Circuit Failures scope of Article 695, stated in 695.1, speaks to this division
(B) Sensor Functioning of responsibility.
(C) Remote Device(s) Article 695 does not apply to pumps used to supply
(D) Engine-Drive Control Wiring sprinkler systems in one- and two-family dwellings. NFPA
(E) Electric Fire Pump Control Wiring Methods 13D, Standard for the Installation of Sprinkler Systems in
(F) Generator Control Wiring Methods One- and Two-Family Dwellings and Manufactured Homes,

does not require the use of a listed pump; thus, neither NFPA
20 nor Article 695 is applicable. Although jockey pumpsFPN: Rules that are followed by a reference in brackets

contain text that has been extracted from NFPA 20-2003, are not covered by Article 695, they are permitted to be
Standard for the Installation of Stationary Pumps for connected to the fire pump feeder.
Fire Protection. Only editorial changes were made to the The requirements of Article 695 are independent of those
extracted text to make it consistent with this Code.

in Article 700 unless otherwise mandated by the authority
having jurisdiction. Installation of the supply wiring to an695.1 Scope
electric motor-driven fire pump such as the one shown in Ex-

(A) Covered This article covers the installation of the hibit 695.1 is covered by the requirements of Article 695.
following:

(1) Electric power sources and interconnecting circuits
(2) Switching and control equipment dedicated to fire pump

drivers

(B) Not Covered This article does not cover the following:

(1) The performance, maintenance, and acceptance testing
of the fire pump system, and the internal wiring of the
components of the system

(2) Pressure maintenance (jockey or makeup) pumps

FPN: See NFPA 20-2003, Standard for the Installation
of Stationary Pumps for Fire Protection, for further
information.

Since it was first included in the 1996 NEC, Article 695
has been the subject of a number of important revisions,
particularly in the requirements covering reliable power sup-
plies for electric fire pump motors. Many of those revisions

Exhibit 695.1 An electric motor specifically listed for fire pumpcorrelate the requirements in the NEC with those in NFPA
service. (Courtesy of International Association of Electrical In-20, Standard for the Installation of Stationary Pumps for
spectors)Fire Protection. One of the most significant changes that has

occurred in the evolution of Article 695 is the requirement of
695.3(B)(2) covering reliable power for electric fire pumps 695.2 Definitions
installed in multibuilding campus-style arrangements such

Fault Tolerant External Control Circuits. Those controlas those found in many institutional and industrial settings.
circuits either entering or leaving the fire pump controllerIt should be noted that there is a distinct division of
enclosure, which if broken, disconnected, or shorted willresponsibility for fire pump requirements between the NEC
not prevent the controller from starting the fire pump from
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695.3 Article 695 — Fire Pumps

all other internal or external means and may cause the con- enclosure, or vertical switchboard section as the service
disconnecting means. The connection shall be located andtroller to start the pump under these conditions.
arranged so as to minimize the possibility of damage by fireOn-Site Power Production Facility. The normal supply of
from within the premises and from exposing hazards. A tapelectric power for the site that is expected to be constantly
ahead of the service disconnecting means shall comply withproducing power.
230.82(5). The service equipment shall comply with the

On-Site Standby Generator. A facility producing electric
labeling requirements in 230.2 and the location requirements

power on site as the alternate supply of electric power. It
in 230.72(B). [NFPA 20:9.2.2]

differs from an on-site power production facility, in that it
is not constantly producing power. (2) On-Site Power Production Facility A fire pump shall

be permitted to be supplied by an on-site power production695.3 Power Source(s) for Electric Motor-
facility. The source facility shall be located and protected to

Driven Fire Pumps minimize the possibility of damage by fire. [NFPA 20:9.2.3]
Electric motor-driven fire pumps shall have a reliable source
of power. Examples of power sources are illustrated in Exhibits 695.2

and 695.3.
The power source for an electric motor-driven fire pump The determination of whether the serving electric utility
must be reliable and have adequate capacity to carry the is a reliable source of power is an issue for the authority
locked-rotor currents of the fire pump motor and accessory having jurisdiction. Annex A of NFPA 20, Standard for
equipment. These two main requirements ensure that the the Installation of Stationary Pumps for Fire Protection,
fire pump will operate in the event of a fire without being provides guidance for evaluating the reliability of the power
accidentally disconnected and that the fire pump will con- supply.
tinue to operate until the fire is extinguished, the fire pump Performance requirements for an alternative source of
is purposely shut down, or the pump itself is destroyed. electric power can be found in NFPA 110, Standard for

One or more of the following three basic types of power Emergency and Standby Power Systems.
sources are permitted. If only one source is used, that source Most important in 695.3(A)(2) is the requirement that
must be capable of supplying locked-rotor current to the fire a fire in one source of power not affect the reliability of
pump and accessory equipment. Power may be supplied by another source. For example, if an emergency feeder were
the following: physically routed above the normal switchboard and a fire

occurred in the normal switchboard, the reliability of the1. A separate utility service or connection ahead of the
emergency feeder during the fire would be questionable.main disconnecting means
There are many other examples for such interruption scenar-2. An on-site power production system
ios. The requirements for fire protection of the fire pump3. Multiple sources (two or more feeders) on a multibuild-
supply conductors are located in 695.6(A) and 695.6(B).ing campus where utility or power produced on site is

not reasonably available and this method of power sup-
ply is approved by the authority having jurisdiction

(B) Multiple Sources Where reliable power cannot be ob-
If none of these options is individually capable of pro- tained from a source described in 695.3(A), power shall be

viding reliable power with adequate capacity, a combination supplied from an approved combination of two or more of
(two or more) of these sources or a combination of one or either of such sources, or from an approved combination of
more of these sources with an on-site standby generator feeders constituting two or more power sources as covered
must be used. in 695.3(B)(2), or from an approved combination of one or

more of such power sources in combination with an on-site
standby generator complying with 695.3(B)(1) and (B)(3).(A) Individual Sources Where reliable, and where capable

of carrying indefinitely the sum of the locked-rotor current (1) Generator Capacity An on-site generator(s) used to
of the fire pump motor(s) and the pressure maintenance comply with this section shall be of sufficient capacity to
pump motor(s) and the full-load current of the associated fire allow normal starting and running of the motor(s) driving
pump accessory equipment when connected to this power the fire pump(s) while supplying all other simultaneously
supply, the power source for an electric motor-driven fire operated load. Automatic shedding of one or more optional
pump shall be one or more of the following. standby loads in order to comply with this capacity require-

ment shall be permitted. A tap ahead of the on-site generator(1) Electric Utility Service Connection A fire pump shall
be permitted to be supplied by a separate service, or from a disconnecting means shall not be required. The requirements

of 430.113 shall not apply. [NFPA 20:9.6.1]connection located ahead of and not within the same cabinet,
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695.3Article 695 — Fire Pumps

Exhibit 695.2 Two permitted
configurations for connecting
to electric utility–owned ser-
vice drops.

Building service equipment

Building service equipment

Main

Main

Service conductors

Service point

Fire pump
controller

Fire pump
controller

Service points

Service conductors

Utility-owned service drop

Separated from
each other to minimize
damage  from a fire in

the main service

Separated from
each other to minimize
damage  from a fire in

the main service

Utility-owned 
service drops

Service 
conductors

Fire pump service
conductors tapped from
building service conductors

Fire pump
service

Separate
fire pump
service

two or more feeder sources shall be permitted as one powerWhere the alternative source of power is an on-site generator,
source or as more than one power source where such feedersthe alternative source disconnecting means and the alter-
are connected to or derived from separate utility services.native source overcurrent protective device(s) for the
The connection(s), overcurrent protective device(s), and dis-electric-drive fire pump are not required to be sized for
connecting means for such feeders shall meet the require-locked-rotor current of the fire pump motor(s). Rather, the
ments of 695.4(B). [NFPA 20:9.2.5.3]circuit components of the alternative source are permitted

to be sized according to Article 430, provided they ‘‘allow
instantaneous pickup of the full [fire] pump room load,’’ as The requirements of 695.3(B)(2) were an important revision
specified by 9.6.5 in NFPA 20. See 445.12(A). to the 1999 Code, permitting the use of feeder sources for

campus-style applications. Chapter 9 of NFPA 20, Standard
(2) Feeder Sources This section applies to multibuilding for the Installation of Stationary Pumps for Fire Protection,
campus-style complexes with fire pumps at one or more permits the use of a reliable feeder to supply a fire pump if
buildings. Where sources in 695.3(A) are not practicable, it is acceptable to the authority having jurisdiction. See
and with the approval of the authority having jurisdiction, Exhibit 695.4. In NFPA 20, the use of a reliable feeder as

National Electrical Code Handbook 2005 1043

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



695.3 Article 695 — Fire Pumps

Exhibit 695.3 On-site power
production facility as a power
source for a fire pump installa-
tion.

Generator

Fire pump
controller

Fire pump supply conductors

On-site power production facility
located where it is protected from
fire, such as outdoors or in a
room of fire-rated construction

Exhibit 695.4 Multiple feeder
sources for campus-style ap-
plication, as described in
695.3(B)(2). 13.8-kV

utility service
No. 1

13.8-kV
utility service

No. 2

13.8 kV
to

480Y/277 volt

13.8 kV
to

480Y/277 volt

Multibuilding campus-style complex

Feeder 1 Feeder 2

To fire pump controller
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695.4Article 695 — Fire Pumps

only. All disconnecting devices and overcurrent protectivea power supply for a fire pump is based on performance
devices that are unique to the fire pump loads shall complycriteria, such as the following:
with 695.4(B)(1) through (B)(5).

1. Redundant power supply features
2. Special requirements for generators (1) Overcurrent Device Selection The overcurrent protec-
3. Special requirements for transfer switches tive device(s) shall be selected or set to carry indefinitely
4. Generator overcurrent protection the sum of the locked-rotor current of the fire pump motor(s)

and the pressure maintenance pump motor(s) and the full-
load current of the associated fire pump accessory equipment(3) Arrangement The power sources shall be arranged so
when connected to this power supply. The requirement tothat a fire at one source will not cause an interruption at the
carry the locked-rotor currents indefinitely shall not applyother source. [NFPA 20:9.2.5.1]
to conductors or devices other than overcurrent devices in

695.4 Continuity of Power the fire pump motor circuit(s).

Circuits that supply electric motor-driven fire pumps shall (2) Disconnecting Means The disconnecting means shall
be supervised from inadvertent disconnection as covered in comply with all of the following:
695.4(A) or 695.4(B).

(1) Be identified as suitable for use as service equipment
(A) Direct Connection The supply conductors shall di- (2) Be lockable in the closed position
rectly connect the power source to either a listed fire pump (3) Not be located within equipment that feeds loads other
controller or listed combination fire pump controller and than the fire pump
power transfer switch. [NFPA 20:9.3.2.2.2]

(B) Supervised Connection A single disconnecting means A revision in the 2005 Code prohibits the supervised discon-
and associated overcurrent protective device(s) shall be per- necting means from being installed in distribution equipment
mitted to be installed between a remote power source and that supplies other than fire pump loads. This change pro-
one of the following: vides clear direction on how compliance with 695.4(B)(2)(4)

can be achieved. ‘‘Sufficiently remote from other building(1) A listed fire pump controller
or other fire pump source disconnecting means’’ can no
longer be interpreted as permitting a supervised fire pumpThe requirement for sizing the overcurrent protection in a
disconnecting means to be located in a switchboard or pan-supervised fire pump disconnecting means to be able to
elboard that supplies other than fire pump loads.carry locked-rotor current indefinitely is a key factor in the

reliable power source equation. Due to the critical life safety
and property protection function of a fire pump, opening of (4) Be located sufficiently remote from other building or
the circuit by an overcurrent device installed between the other fire pump source disconnecting means such
point of connection to the power source and the fire pump that inadvertent contemporaneous operation would be
controller cannot be tolerated and has to perform as if there unlikely
were a direct connection to the power source. A change in

(3) Disconnect Marking The disconnecting means shallthe 2005 Code clarifies that sizing for locked-rotor current
be marked ‘‘Fire Pump Disconnecting Means.’’ The lettersapplies only to overcurrent protective devices and does not
shall be at least 25 mm (1 in.) in height, and they shall beextend to conductors or other devices in the fire pump motor
visible without opening enclosure doors or covers.circuit. Similar revisions to clarify this point are made in

695.5(B) and 695.5(C)(2). (4) ControllerMarking A placard shall be placed adjacent
to the fire pump controller, stating the location of this discon-

(2) A listed fire pump power transfer switch necting means and the location of the key (if the discon-
(3) A listed combination fire pump controller and power necting means is locked).

transfer switch
(5) Supervision The disconnecting means shall be super-
vised in the closed position by one of the following methods:For systems installed under the provisions of

695.3(B)(2) only, such additional disconnecting means and
associated overcurrent protective device(s) shall be permit- Minimizing the locations where the power supply to the fire
ted as required to comply with other provisions of this Code. pump can be automatically or manually interrupted is the
Overcurrent protective devices between an on-site standby objective of 695.4. Ideally, the supply conductors from the
generator and a fire pump controller shall be selected and power source are run directly to the listed fire pump control
sized according to 430.62 to provide short-circuit protection
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695.5 Article 695 — Fire Pumps

and/or transfer equipment, without the need for an additional of 750 amperes is also permitted, because it, too, will carry
the locked-rotor current indefinitely.service disconnecting means and overcurrent protection.

However, this arrangement is not always possible; therefore, STEP 2. Determine the minimum ampacity for the fire pump
a single supervised disconnecting means is permitted, pro- feeder conductor. Even though the disconnect switch, fuse,
vided all the conditions in 695.4(B) are met. and circuit breakers are sized according to locked-rotor cur-

Where installed in the fire pump circuit, the supervised rents, the feeder conductors to the fire pump and associated
disconnecting means with overcurrent protection must meet equipment are required to have an ampacity not less than
the following conditions: 125 percent of the full-load current (FLC) rating of the fire

pump motor(s) and pressure maintenance pump motor(s),1. The overcurrent device is sized to carry the locked-rotor
plus 100 percent of associated accessory equipment. Usingcurrents of all the fire pump motors.
the same motors as above, calculate the size of the feeder2. The fire pump disconnecting means is located away
to the fire pump controller as follows, using 430.6(A)(1)from the other service disconnecting means. This dis-
and Table 430.250 for the full-load currents of the motors:connecting means is rated as service equipment and is

lockable in the on position. 100-hp, 3-phase FLC
3. The equipment containing the disconnecting means sup- 124 A � 1.25 � 155.00 A

plies only the fire pump and associated loads.
4. The disconnect and controller are marked and placarded 11⁄2-hp, 3-phase FLC

as described.
3 A � 1.25 � 3.75 A5. The circuit is supervised in the closed position, in accor-

dance with 695.4(B)(5). Total FLC � 158.75 A or 159 A

Thus, the minimum ampacity for the feeder conductors isSpecifically, the size of the overcurrent protective device is
159 amperes. Using the 75�C column from Table 310.16, athe sum of the locked-rotor currents of all the permitted
2/0 copper conductor is the minimum size required, permotors plus the sum of any other fire pump auxiliary loads.
110.14(C)(1)(b).

Example Supervision of the disconnecting means by a local (pro-
A fusible service disconnect switch supplies power to a 100- tected premises) fire alarm system, central station, proprie-
hp, 460-volt, 3-phase fire pump and to a 11⁄2-hp, 460-volt, tary supervising station, or remote supervising station
3-phase jockey pump. The fire pump feeder circuit will be requires a connection to the premises fire alarm system. The
installed in a raceway between the disconnecting means and connection is generally made through the use of dry contacts
fire pump controller. The raceway is considered outside the in the fire pump controller that are connected to a fire alarm
building per 230.6. Using the requirements of Article 695, system initiating device circuit. This circuit is programmed
determine the sizes of the disconnecting means and overcur- to generate a supervisory signal at the fire alarm control unit
rent protection device. Also determine the minimum ampac- on loss of voltage to the fire pump controller. A supervisory
ity of the feeder conductors. signal indicates that the suppression system is ‘‘off-normal.’’

Connection of this device must initiate a supervisory signal
Solution

and may also initiate a trouble signal. For more information,
STEP 1. Determine the minimum ratings of the discon- see NFPA 72, National Fire Alarm Code.
necting means and the overcurrent protective device. Ac-
cording to the motor nameplates, the locked-rotor current

(1) Central station, proprietary, or remote station signal(LRC) is 725 amperes for the 100-hp motor and 20 amperes
devicefor the 1 1⁄2-hp motor. If the locked-rotor amperes are not

(2) Local signaling service that causes the sounding of anon the nameplates, the locked-rotor currents found in Table
audible signal at a constantly attended point430.251(B) must be used. Calculate the size by summing

(3) Locking the disconnecting means in the closed positionthe locked-rotor currents of both motors and then going to
(4) Sealing of disconnecting means and approved weeklythe next larger standard-size overcurrent device, as follows:

recorded inspections when the disconnecting means are
100-hp, 3-phase LRC � 725 A located within fenced enclosures or in buildings under
11⁄2-hp, 3-phase LRC � 20 A the control of the owner [NFPA 20:9.3.2.2.3]

Total LRC � 745 A
695.5 Transformers

The next larger standard-size disconnect switch and overcur-
Where the service or system voltage is different from therent device is 800 amperes. An adjustable-trip circuit breaker
utilization voltage of the fire pump motor, transformer(s)
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695.5Article 695 — Fire Pumps

protected by disconnecting means and overcurrent protective
devices shall be permitted to be installed between the system
supply and the fire pump controller in accordance with
695.5(A) and (B), or (C). Only transformers covered in
695.5(C) shall be permitted to supply loads not directly
associated with the fire pump system.

(A) Size Where a transformer supplies an electric motor-
driven fire pump, it shall be rated at a minimum of 125
percent of the sum of the fire pump motor(s) and pressure
maintenance pump(s) motor loads, and 100 percent of the
associated fire pump accessory equipment supplied by the
transformer.

(B) Overcurrent Protection The primary overcurrent pro-
tective device(s) shall be selected or set to carry indefinitely
the sum of the locked-rotor current of the fire pump motor(s)
and the pressure maintenance pump motor(s) and the full-
load current of the associated fire pump accessory equipment
when connected to this power supply. Secondary overcurrent

M M
Fire pump Jockey pump

Listed
fire pump
controller

Dedicated
transformer

Jockey pump
tap conductors

Secondary conductors,
overcurrent protection
NOT permitted

Primary overcurrent
protection only

Jockey pump
disconnect,
overcurrent
protection,
and motor
controller

Tap not permitted 
within fire pump 
controller

protection shall not be permitted. The requirement to carry
Exhibit 695.5 The overcurrent device in the primary of a trans-the locked-rotor currents indefinitely shall not apply to con-
former supplying a fire pump installation. The device is requiredductors or devices other than overcurrent devices in the fire
to be sized to carry the locked-rotor current motor(s) and associ-pump motor circuit(s).
ated fire pump accessory equipment indefinitely.

See Exhibit 695.5.
value determined by this calculation is acceptable. First, addDedicated transformer and overcurrent protection sizing
the full-load currents of the two motors, using the full-loadcan be broken down into three basic requirements. Generally
current (FLC) values from Table 430.250, as follows:stated, they are as follows:

1. The transformer must be sized to at least 125 percent 100-hp, 3-phase FLC � 124 A
of the sum of the loads. 11⁄2-hp, 3-phase FLC � 3 A

2. The transformer primary overcurrent device must be at Total FLC � 127 A
least a specified minimum size.

3. The transformer secondary must not contain any over-
Now, increase the sum of the fire pump motor and the jockey

current devices whatsoever.
pump motor to 125 percent, as follows:

Example
127 A � 1.25 � 158.75 A

A 4160/480-volt, 3-phase, dedicated transformer supplies
power to a 100-hp, 460-volt, 3-phase, code letter G fire

Then, size the transformer as follows:
pump and to a 11⁄2-hp, 460-volt, 3-phase, code letter H jockey
pump. Using the requirements of Article 695, determine the

Transformer kVA �
volts � amperes � �3

1000sizes of the dedicated transformer and its primary overcur-
rent protection.

Transformer kVA �
480 � 158.75 � �3

1000Solution
� 131.98 kVASTEP 1. Determine the minimum standard-size transformer.

According to 695.5(A), to determine the minimum current
Thus, the minimum-size transformer permitted by 695.5(A)value to use in the 3-phase power calculation, add the full-
is 131.98 kVA. The next larger standard-size transformerload currents of the fire pump motor(s) and jockey pump
available is 150 kVA, but any larger size is permitted.motor(s), then increase the total to 125 percent. The result

of this calculation provides the minimum kVA rating of STEP 2. Calculate the minimum-size primary overcurrent
protection device permitted for this transformer. Accordinga transformer dedicated to a fire pump installation. Any

transformer with a kVA rating equal to or greater than the to 695.5(B), the minimum primary overcurrent protection
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695.6 Article 695 — Fire Pumps

2. The smallest standard-size overcurrent protective devicedevice must allow the transformer secondary to supply the
permitted on the primary of the transformer is 100locked-rotor current (LRC) to the fire pump and, in this
amperes.case, the jockey pump. The locked-rotor current of each

3. A secondary overcurrent protective device is notmotor must be individually calculated if it is not available
permitted.on the motor nameplate. In this example, however, we are

assuming that only the kVA code letters are available. Ac-
cording to 430.7(B) and using the maximum values for (C) Feeder Source Where a feeder source is provided in
the individual code letters per Table 430.7(B), calculate the accordance with 695.3(B)(2), transformers supplying the fire
maximum locked-rotor currents, as follows. pump system shall be permitted to supply other loads. All

For the 100-hp motor, code letter G: other loads shall be calculated in accordance with Article
220, including demand factors as applicable.LRC � motor hp � max. code letter value

(1) Size Transformers shall be rated at a minimum of 125�
1000

motor voltage � 3-phase factor percent of the sum of the fire pump motor(s) and pressure
maintenance pump(s) motor loads, and 100 percent of the
remaining load supplied by the transformer.LRC � 100 hp � 6.29

kVA
hp

�
1000

460 � �3
� 789.49A

(2) Overcurrent Protection The transformer size, the
feeder size, and the overcurrent protective device(s) shallFor the 11⁄2-hp motor, code letter H (using the same formula):
be coordinated such that overcurrent protection is provided
for the transformer in accordance with 450.3 and for theLRC � 11⁄2 hp � 7.09

kVA
hp

�
1000

460 � �3
� 13.35 A

feeder in accordance with 215.3, and such that the overcur-
rent protective device(s) is selected or set to carry indefi-
nitely the sum of the locked-rotor current of the fire pumpFor the total LRC:
motor(s), the pressure maintenance pump motor(s), the full-

100-hp LRC � 789.49 A load current of the associated fire pump accessory equip-
11⁄2-hp LRC � 13.35 A ment, and 100 percent of the remaining loads supplied by

the transformer. The requirement to carry the locked-rotorTotal LRC � 802.84 A or 803 A
currents indefinitely shall not apply to conductors or devices
other than overcurrent devices in the fire pump motor cir-

Now, calculate the equivalent LRC on the primary side of the
cuit(s).

transformer, based on the calculated LRC of the secondary of
the transformer, as follows:

695.6 Power Wiring
Power circuits and wiring methods shall comply with theLRCprimary �

secondary voltage
primary voltage

� LRCsecondary
requirements in 695.6(A) through (H), and as permitted in
230.90(A), Exception No. 4; 230.94, Exception No. 4;�

480 V
4160 V

� 803 A
230.95, Exception No. 2; 240.13; 230.208; 240.4(A); and

� 92.65 A or 93A 430.31.

(A) Service Conductors Supply conductors shall be physi-This value of 93 amperes represents the secondary LRC
cally routed outside a building(s) and shall be installed asreflected to the primary side of the transformer. Because
service entrance conductors in accordance with Article 230.this value is the absolute smallest overcurrent protective
Where supply conductors cannot be physically routed out-device permitted, the next larger standard size, according to
side buildings, they shall be permitted to be routed through240.6, is 100 amperes. Thus, the minimum standard-size
buildings where installed in accordance with 230.6(1) orovercurrent protective device is 100 amperes.
230.6(2). Where a fire pump is wired under the provisions

Conclusion of 695.3(B)(2), this requirement shall apply to all supply
conductors on the load side of the service disconnectingThe calculation for a 4160/480-volt, 3-phase transformer
means that constitute the normal source of supply to thatsupplying a 100-hp fire pump and a 11⁄2-hp jockey pump,
fire pump.both at 460 volts, 3 phase, can be summarized as follows:

Exception: Where there are multiple sources of supply with1. The smallest standard-size transformer that is permitted
means for automatic connection from one source to the other,is 150 kVA.
the requirement shall apply only to those conductors on the
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695.6Article 695 — Fire Pumps

based on the assumption that the structural supports for theload side of that point of automatic connection between
sources. assembly are not impaired by the effects of the fire.

The UL 2004 Fire Resistance Directory, Volume 2,
(B) Circuit Conductors Fire pump supply conductors on describes three categories of products that can be used in the

fire protection of electrical circuits for fire pumps: variousthe load side of the final disconnecting means and overcur-
rent device(s) permitted by 695.4(B) shall be kept entirely electrical circuit protective systems (FHIT), electrical circuit

protective materials (FHIY), and fire resistive cablesindependent of all other wiring. They shall supply only loads
that are directly associated with the fire pump system, and (FHJR). (The four-letter codes in parentheses are the UL

product category guide designations.) For information onthey shall be protected to resist potential damage by fire,
structural failure, or operational accident. They shall be per- electrical circuit protective systems, see UL Subject 1724,

Fire Tests for Electrical Circuit Protective Systems.mitted to be routed through a building(s) using one of the
following methods:

(1) Be encased in a minimum 50 mm (2 in.) of concrete
The circuit conductors covered by 695.6(B) are those that are

(2) Be within an enclosed construction dedicated to the fire
installed from the load side of the supervised disconnecting

pump circuit(s) and having a minimum of a 1-hour fire
means permitted by 695.4(B) to the fire pump controller or

resistive rating
combination controller/transfer switch. Unlike service con-

(3) Be a listed electrical circuit protective system with a
ductors, these supply conductors are installed on the load

minimum 1-hour fire rating
side of a short-circuit protective device and are not required
to be installed on the outside of a building or structure. Exception: The supply conductors located in the electrical
However, if these supply conductors are run through a build- equipment room where they originate and in the fire pump
ing from the disconnecting means to the fire pump equipment room shall not be required to have the minimum 1-hour
room, they are required to be protected against the effects fire separation or fire resistance rating, unless otherwise
of a fire to ensure that power to the fire pump is not compro- required by 700.9(D) of this Code.
mised.

(C) Conductor SizeEncasement in 2 in. of concrete, as recognized in 230.6
for service conductors, is one method permitted to isolate (1) Fire PumpMotors andOther Equipment Conductors
and protect conductors. In addition, enclosure of a wiring supplying a fire pump motor(s), pressure maintenance
method within 1-hour fire-resistive building construction pumps, and associated fire pump accessory equipment shall
and the use of a wiring method listed as an electrical circuit have a rating not less than 125 percent of the sum of the
protective system with a minimum 1-hour fire rating are fire pump motor(s) and pressure maintenance motor(s) full-
methods permitted for these circuit conductors that do have load current(s), and 100 percent of the associated fire pump
short-circuit protection. These latter two wiring methods are accessory equipment.
recognized for protecting conductors against the effects of

(2) Fire Pump Motors Only Conductors supplying onlyfire, but they are not recognized as means by which conduc-
a fire pump motor shall have a minimum ampacity in accor-tors can be considered as being outside a building or other
dance with 430.22 and shall comply with the voltage dropstructure. Therefore, if the installation involves service con-
requirements in 695.7.ductors that have to be run through a building, the only

available options, short of installing a supervised discon-
necting means, are to install the conductors beneath not less Listed fire pump controller and pump combinations are

available in a wye-start, delta-run configuration. From thethan 2 in. of concrete or to encase the conductors in 2 in.
of concrete. controller to the motor there are six circuit conductors, and

when the motor is in the run mode, the conductors thatIt is important to understand the difference between a
1-hour fire rating of an electrical circuit, such as a conduit supply each winding are connected in parallel. Prior to the

2005 edition of the Code, the general rule in 695.6(C)(2)with wires, and a 1-hour fire-resistance rating of a structural
member, such as a wall. Simply stated, at the end of a for sizing the conductors supplying a single fire pump motor

required a minimum conductor ampacity not less than 1251-hour fire test on an electrical conduit with wires, the circuit
must function electrically (no short circuits, grounds, or percent of the pump motor full load current rating. A revision

to this requirement for the 2005 Code references 430.22 foropens are permitted). The circuit and its insulation must be
intact and electrically functioning. A wall subjected to a sizing the conductors supplying a single motor. For a wye-

start, delta-run fire pump motor, the minimum conductor1-hour fire-resistance test must only prevent a fire from
passing through or past the wall, without regard to damage ampacity for each of the six leads between the controller and

the motor is calculated as shown in the following example.to the wall. All fire ratings and fire-resistance ratings are
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695.7 Article 695 — Fire Pumps

Background Information fer switch shall be installed in accordance with 695.6(B) or
protected in accordance with 430.52.• Fire pump motor nameplate information: 30 hp, 3-phase,

The protection provided shall be in accordance with the460 volt
short-circuit current rating of the combination fire pump• Table 430.250 full load current for 50 hp motor: 65
transfer switch controller or separately mounted transferamperes
switch.• Section 430.22(A) specifies motor circuit conductor mini-

mum ampacity based on 125 percent of motor full load
(E) Pump Wiring All wiring from the controllers to thecurrent
pump motors shall be in rigid metal conduit, intermediate• Section 430.22(C) specifies full load current for conduc-
metal conduit, liquidtight flexible metal conduit, or liq-tors on the load side of controller based on 58 percent of
uidtight flexible nonmetallic conduit Type LFNC-B, listedmotor full load current
Type MC cable with an impervious covering, or Type MI
cable.Calculation

• 65 amperes � 0.58 � 1.25 � 47 amperes
The requirement of 695.6(E) does not apply to light switches,

Minimum Conductor Size convenience receptacles, telephone outlets, fire detectors,
• Assuming 75�C terminations in the controller and conduc- and similar equipment located in the fire pump room.

tor insulation type THWN, ampacity selection from Table
310.16 � 8 AWG copper circuit conductors (50 amperes)

(F) Junction Points Where wire connectors are used in the
Analysis fire pump circuit, the connectors shall be listed. A fire pump
• There will be six 8 AWG copper conductors between the controller or fire pump power transfer switch, where pro-

controller and the motor. vided, shall not be used as a junction box to supply other
• The combined ampacity of the two circuit conductors equipment, including a pressure maintenance (jockey)

connected in parallel to each winding in the run mode pump(s). A fire pump controller and fire pump power trans-
is 100 amperes (combined ampacity of two 8 AWG fer switch, where provided, shall not serve any load other
conductors). than the fire pump for which it is intended.

• Comparison of controller load side circuit conductors with
(G) Mechanical Protection All wiring from engine con-minimum ampacity for circuit conductors from the power
trollers and batteries shall be protected against physical dam-source to the line side of fire pump controller:
age and shall be installed in accordance with the controller

65 amperes � 1.25 � 81 amperes and engine manufacturer’s instructions.
4 AWG THWN copper circuit conductors

(H) Ground Fault Protection of Equipment Ground fault
• The minimum size for the conductors as determined here

protection of equipment shall not be permitted for fire
may have to be increased to comply with the mandatory

pumps.
voltage drop performance requirements specified in 695.7.

Ground-fault protection of equipment as specified in several
sections of the NEC is not permitted to be used to protect(D) Overload Protection Power circuits shall not have au-
components of a fire pump installation. (The function oftomatic protection against overloads. Branch-circuit and
ground-fault protection of equipment protection should notfeeder conductors shall be protected against short circuit
be confused with the function of GFCI protection for person-only. Where a tap is made to supply a fire pump, the wiring
nel.) Although the protection afforded to equipment by thisshall be treated as service conductors in accordance with
type of ground-fault protection is a mandatory safety require-230.6. The applicable distance and size restrictions in 240.21
ment in certain circumstances, the need for an uninterruptedshall not apply.
source of power takes precedence for fire pump installations.

Exception No. 1: Conductors between storage batteries and See 230.95, Exception No. 2, and 240.13(3).
the engine shall not require overcurrent protection or discon-
necting means.

695.7 Voltage DropException No. 2: For on-site standby generator(s) rated to
produce continuous current in excess of 225 percent of the The voltage at the controller line terminals shall not drop

more than 15 percent below normal (controller-rated voltage)full-load amperes of the fire pump motor, the conductors
between the on-site generator(s) and the combination fire under motor starting conditions. The voltage at the motor

terminals shall not drop more than 5 percent below thepump transfer switch controller or separately mounted trans-
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695.14Article 695 — Fire Pumps

(C) Storage Batteries Storage batteries for fire pump en-voltage rating of the motor when the motor is operating at
115 percent of the full-load current rating of the motor. gine drives shall be supported above the floor, secured

against displacement, and located where they are not subjectException: This limitation shall not apply for emergency
to physical damage, flooding with water, excessive tempera-run mechanical starting. [NFPA 20:9.4]
ture, or excessive vibration.

695.10 Listed Equipment (D) Energized Equipment All energized equipment parts
Diesel engine fire pump controllers, electric fire pump con- shall be located at least 300 mm (12 in.) above the floor
trollers, electric motors, fire pump power transfer switches, level.
foam pump controllers, and limited service controllers shall

(E) Protection Against Pump Water Fire pump control-be listed for fire pump service. [NFPA 20:9.5.1.1, 10.1.2.1,
lers and power transfer switches shall be located or protected12.1.3.1]
so that they are not damaged by water escaping from pumps
or pump connections.This requirement parallels those provisions in NFPA 20,

Standard for the Installation of Stationary Pumps for Fire (F) Mounting All fire pump control equipment shall be
Protection, that require components used in fire pump sys- mounted in a substantial manner on noncombustible support-
tems to be listed. The fire pump controller shown in Exhibit ing structures.
695.6 is an example of the listed equipment covered under
695.10.

Neither NFPA 20, Standard for the Installation of Stationary
Pumps for Fire Protection, nor this Code mandates a dedi-
cated room for the fire pump. However, NFPA 20 does
specify a suitable space for this equipment.

Compliance with the 695.12(A) requirement that fire
pump controllers and transfer switches be located ‘‘as close
as practicable’’ to the fire pump motor that they control may
require that additional space be available to achieve the
minimum maintenance working space set forth in 110.26.

Generally, fire pump controllers are housed in substan-
tial enclosures suitable to protect the contents against limited
amounts of falling water and dirt. In addition, all energized
parts in the enclosure must be mounted at least 12 in. above
the floor. Typically, the floor space for this area is equipped
with a floor drain.

The requirement of 695.12(F) does not permit fire pump
control equipment to be mounted on combustible backboards
(such as plywood).

Exhibit 695.6 Listed fire pump controller and power
transfer switch. 695.14 Control Wiring

(A) Control Circuit Failures External control circuits thatPrior to being shipped to the installation site, listed
extend outside the fire pump room shall be arranged so thatfire pump controllers are matched with the listed electric
failure of any external circuit (open or short circuit) shallmotor(s) they will control to ensure compatibility of the
not prevent the operation of a pump(s) from all other internalindividually listed components.
or external means. Breakage, disconnecting, shorting of the
wires, or loss of power to these circuits could cause continu-

695.12 Equipment Location ous running of the fire pump but shall not prevent the control-
ler(s) from starting the fire pump(s) due to causes other than(A) Controllers and Transfer Switches Electric motor-
these external control circuits. All control conductors withindriven fire pump controllers and power transfer switches
the fire pump room that are not fault tolerant shall be pro-shall be located as close as practicable to, and within sight
tected against physical damage. [NFPA 20:10.5.2.6,of, the motors that they control.
12.5.2.5]

(B) Engine-Drive Controllers Engine-drive fire pump
controllers shall be located as close as is practical to, and (B) Sensor Functioning No undervoltage, phase-loss, fre-

quency-sensitive, or other sensor(s) shall be installed thatwithin sight of, the engines that they control.
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695.14 Article 695 — Fire Pumps

automatically or manually prohibit actuation of the motor The wiring methods described in 695.14(E) apply only to
contactor. [NFPA 20:10.4.5.6] the control wiring for electric motor–driven fire pumps. They

do not apply to the control wiring for engine-driven fireException: A phase loss sensor(s) shall be permitted only
pumps, because there are no similar requirements in NFPAas a part of a listed fire pump controller.
20, Standard for the Installation of Stationary Pumps for

(C) Remote Device(s) No remote device(s) shall be in- Fire Protection.
stalled that will prevent automatic operation of the transfer
switch. [NFPA 20:10.8.1.3]

(F) Generator Control Wiring Methods Control conduc-
(D) Engine-Drive Control Wiring All wiring between the tors installed between the fire pump power transfer switch
controller and the diesel engine shall be stranded and sized and the standby generator supplying the fire pump during
to continuously carry the charging or control currents as normal power loss shall be kept entirely independent of
required by the controller manufacturer. Such wiring shall all other wiring. They shall be protected to resist potential
be protected against physical damage. Controller manufac- damage by fire or structural failure. They shall be permitted
turer’s specifications for distance and wire size shall be to be routed through a building(s) encased in 50 mm (2 in.)
followed. [NFPA 20:12.3.5.1] of concrete or within enclosed construction dedicated to

the fire pump circuits and having a minimum 1-hour fire
(E) Electric Fire Pump Control Wiring Methods All

resistance rating, or circuit protective systems with a mini-
electric motor-driven fire pump control wiring shall be in

mum of 1-hour fire resistance. The installation shall comply
rigid metal conduit, intermediate metal conduit, liquidtight

with any restrictions provided in the listing of the electrical
flexible metal conduit, liquidtight flexible nonmetallic con-

circuit protective system used.
duit Type B (LFNC-B), listed Type MC cable with an imper-
vious covering, or Type MI cable.
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7
Special Conditions

1054Article 700 Emergency Systems 1097Article 727 Instrumentation Tray Cable: Type
ITC1068Article 701 Legally Required Standby

Systems 1098Article 760 Fire Alarm Systems
1112Article 770 Optical Fiber Cables and1072Article 702 Optional Standby Systems

1074Article 705 Interconnected Electric Power Raceways
1119Article 780 Closed-Loop and ProgrammedProduction Sources

1078Article 720 Circuits and Equipment Operating Power Distribution
at Less Than 50 Volts

1079Article 725 Class 1, Class 2, and Class 3
Remote-Control, Signaling, and
Power-Limited Circuits
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700.1 Article 700 — Emergency Systems

ARTICLE 700 700.8 Signs
(A) Emergency SourcesEmergency Systems
(B) Grounding

II. Circuit Wiring
Summary of Changes 700.9 Wiring, Emergency System
• 700.5(B): Revised to permit alternate power source to (A) Identification

supply legally required standby and optional standby sys- (B) Wiring
tem loads without the use of selective load pickup and (C) Wiring Design and Location
load shedding, where the source has adequate capacity. (D) Fire Protection

III. Sources of Power• 700.9(D)(1): Revised to permit installations in spaces or
700.12 General Requirementsareas of a building protected by automatic fire protection,

(A) Storage Batterynot just where the entire building is so protected.
(B) Generator Set• 700.12(B)(6): Revised to cover ungrounded conductors
(C) Uninterruptible Power Suppliesthat pass through the building or structure.
(D) Separate Service

• 700.12(E): Added new paragraph permitting fuel cell sys- (E) Fuel Cell System
tems as a source of supply for emergency systems. (F) Unit Equipment

• 700.21: Revised to limit requirement for location of IV. Emergency System Circuits for Lighting and Power
the emergency switch in a lobby or location conveniently 700.15 Loads on Emergency Branch Circuits
accessible to the lobby to locations covered by Articles 700.16 Emergency Illumination
518 and 520. 700.17 Circuits for Emergency Lighting

700.18 Circuits for Emergency Power• 700.27: Added new section requiring that emergency sys-
V. Control — Emergency Lighting Circuitstem overcurrent devices be selectively coordinated with

700.20 Switch Requirementsall supply side overcurrent devices.
700.21 Switch Location
700.22 Exterior Lights

VI. Overcurrent Protection
Contents 700.25 Accessibility

700.26 Ground-Fault Protection of EquipmentI. General
700.27 Coordination700.1 Scope

700.2 Application of
Other Articles

I. General700.3 Equipment Approval
700.4 Tests and Maintenance 700.1 Scope

(A) Conduct or Witness Test The provisions of this article apply to the electrical safety
(B) Tested Periodically

of the installation, operation, and maintenance of emergency
(C) Battery Systems Maintenance

systems consisting of circuits and equipment intended to
(D) Written Record

supply, distribute, and control electricity for illumination,
(E) Testing Under Load

power, or both, to required facilities when the normal electri-
700.5 Capacity

cal supply or system is interrupted.(A) Capacity and Rating
Emergency systems are those systems legally required(B) Selective Load Pickup, Load Shedding, and

and classed as emergency by municipal, state, federal, orPeak Load Shaving
other codes, or by any governmental agency having jurisdic-700.6 Transfer Equipment
tion. These systems are intended to automatically supply(A) General
illumination, power, or both, to designated areas and equip-(B) Bypass Isolation Switches
ment in the event of failure of the normal supply or in the(C) Automatic Transfer Switches
event of accident to elements of a system intended to supply,(D) Use
distribute, and control power and illumination essential for700.7 Signals
safety to human life.(A) Derangement

(B) Carrying Load
Emergency systems are designed and installed to maintain a(C) Not Functioning

(D) Ground Fault specific degree of illumination or provide power for essential
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700.5Article 700 — Emergency Systems

(B) Tested Periodically Systems shall be tested periodi-equipment if the normal power supply fails. Examples of
essential equipment include fire pumps and operating room cally on a schedule acceptable to the authority having juris-

diction to ensure the systems are maintained in properand life-support equipment in hospitals.
Article 700 applies to the installation of emergency operating condition.

systems that are essential for safety to human life and are
(C) Battery SystemsMaintenance Where battery systemslegally required by municipal, state, federal, or other codes
or unit equipments are involved, including batteries used foror by a governmental agency having jurisdiction.
starting, control, or ignition in auxiliary engines, the author-Article 700 does not dictate whether emergency systems
ity having jurisdiction shall require periodic maintenance.are required or where emergency or exit lights should be

located. These determinations may be made by using NFPA
(D) Written Record A written record shall be kept of such101�, Life Safety Code�.
tests and maintenance.If authorities determine that emergency lighting, includ-

ing the proper placement of exit signs, is required for safe (E) Testing Under Load Means for testing all emergency
egress from various classes of buildings or parts of buildings, lighting and power systems during maximum anticipated
then corridors, passageways, stairways, lobbies, and so on load conditions shall be provided.
must also be sufficiently illuminated.

FPN: For testing and maintenance procedures of emer-
gency power supply systems (EPSSs), see NFPA 110-
2002, Standard for Emergency and Standby Power Sys-FPN No. 1: For further information regarding wiring
tems.and installation of emergency systems in health care facil-

ities, see Article 517.
FPN No. 2: For further information regarding perform- Emergency system testing may be broken down into two
ance and maintenance of emergency systems in health

general categories — acceptance testing and operational test-care facilities, see NFPA 99-2002, Standard for Health
ing. Section 700.4 requires both types of testing as well asCare Facilities.
written records of both types of testing and of maintenance.FPN No. 3: Emergency systems are generally installed

in places of assembly where artificial illumination is Acceptance testing is performed after the emergency
required for safe exiting and for panic control in buildings system has been installed but before the system is used.
subject to occupancy by large numbers of persons, such Acceptance testing ensures that the emergency system meets
as hotels, theaters, sports arenas, health care facilities,

or exceeds the original installation specification. Portableand similar institutions. Emergency systems may also
load banks may be used for the acceptance testing of theprovide power for such functions as ventilation where

essential to maintain life, fire detection and alarm sys- system to maximum design load.
tems, elevators, fire pumps, public safety communica- Operational testing, which is performed during the life
tions systems, industrial processes where current of the system, ensures that the emergency system remains
interruption would produce serious life safety or health

functional and that maintenance is performed adequately.hazards, and similar functions.
One method of operational testing is running the generatingFPN No. 4: For specification of locations where emer-
system to power the load of the facility. Generally, actualgency lighting is considered essential to life safety, see

NFPA 101�-2003, Life Safety Code�. emergency system loads are smaller than the design capacity
FPN No. 5: For further information regarding perfor- of the emergency generator system. Actual peak loads of
mance of emergency and standby power systems, see the emergency system should be kept as part of the written
NFPA 110-2002, Standard for Emergency and Standby record.
Power Systems.

Further information on tests and maintenance may be
found in NFPA 72�, National Fire Alarm Code�; NFPA 99,700.2 Application of Other Articles
Standard for Health Care Facilities; NFPA 101�, Life Safety

Except as modified by this article, all applicable articles of Code�; NFPA 110, Standard for Emergency and Standby
this Code shall apply. Power Systems; and NFPA 111, Standard on Stored Electri-

cal Energy Emergency and Standby Power Systems.
700.3 Equipment Approval
All equipment shall be approved for use on emergency sys-

700.5 Capacitytems.

(A) Capacity and Rating An emergency system shall have
700.4 Tests and Maintenance adequate capacity and rating for all loads to be operated

simultaneously. The emergency system equipment shall be(A) Conduct or Witness Test The authority having juris-
diction shall conduct or witness a test of the complete system suitable for the maximum available fault current at its termi-

nals.upon installation and periodically afterward.
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700.6 Article 700 — Emergency Systems

the inadvertent interconnection of normal and emergencyThe emergency system must be designed with adequate ca-
sources of supply in any operation of the transfer equipment.pacity and rating to safely carry the entire load connected
Transfer equipment and electric power production systemsto the emergency system at one time. It must be capable of
installed to permit operation in parallel with the normalrestarting emergency loads, such as motors, that may have
source shall meet the requirements of Article 705.stopped, and it must be suitable for the available fault current.

Using devices that limit the available fault current is one
method of achieving suitability. The transfer equipment described in 700.6(A) is permitted

to allow parallel operation of the generation equipment with
the normal source as long as the requirements of Article

(B) Selective Load Pickup, Load Shedding, and Peak 705 are met. Traditional automatic transfer switches are not
Load Shaving The alternate power source shall be permit- designed to permit parallel operation of generation equip-
ted to supply emergency, legally required standby, and op- ment and the normal source. Therefore, traditional automatic
tional standby system loads where the source has adequate transfer switches need not comply with Article 705. How-
capacity or where automatic selective load pickup and load ever, certain automatic transfer switch configurations are
shedding is provided as needed to ensure adequate power intentionally designed to briefly (a few cycles) parallel the
to (1) the emergency circuits, (2) the legally required standby generation equipment with the normal source upon load
circuits, and (3) the optional standby circuits, in that order transfer from generator to normal source. This load transfer
of priority. The alternate power source shall be permitted to can occur with minimal disturbance or effect on the load.
be used for peak load shaving, provided these conditions Transfer switches that employ this type of paralleling must
are met. comply with Article 705.

Peak load-shaving operation shall be permitted for satis- If continuous parallel operation of generation equipment
fying the test requirement of 700.4(B), provided all other and the source is desired, paralleling switchgear or parallel-
conditions of 700.4 are met. ing equipment with appropriate protection is required. (See

A portable or temporary alternate source shall be avail- Article 705.)
able whenever the emergency generator is out of service for
major maintenance or repair.

(B) Bypass Isolation Switches Means shall be permitted
to bypass and isolate the transfer equipment. Where bypassSection 700.5(B) permits a generator to serve more than
isolation switches are used, inadvertent parallel operationone level of emergency, legally required standby, or other
shall be avoided.operational standby system loads. Section 700.5(B) also per-

mits the use of a generator for peak load shaving, supplying (C) Automatic Transfer Switches Automatic transfer
backup power, and other uses. However, assurance is re- switches shall be electrically operated and mechanically
quired that priority loads are properly and reliably served. held.
This section was revised for the 2005 Code. It no longer
requires selective load pickup and load shedding where the Section 700.6(C) is intended to ensure that relay contacts
generator has the capacity to supply all loads served. are mechanically held in the event of coil failure. This change

If a generator is used for peak load shaving or in a correlates the NEC with the requirements found in NFPA
cogeneration system, major downtime for maintenance of 110, Standard for Emergency and Standby Power Systems.
the generator must be anticipated. On the other hand, using
the emergency generator on a regular basis for nonemer-

(D) Use Transfer equipment shall supply only emergencygency loads provides assurance that the emergency generator
loads.will supply emergency power when it is needed. The require-

ment for a portable or temporary alternate source is intended
to provide emergency power when the generator set is out Although the alternate power source is permitted to supply
of service for a long time. A major maintenance or repair emergency loads as well as other loads, the transfer switch
procedure is one that keeps the generator set out of service used for the emergency system is strictly limited to emer-
for more than a few hours. gency loads only, that is, loads classified as emergency in

accordance with 700.1. Other loads, such as legally required
standby loads or optional standby loads (covered by Articles700.6 Transfer Equipment
701 and 702), are not permitted to be supplied from the

(A) General Transfer equipment, including automatic emergency system transfer switch. If a single generator is
transfer switches, shall be automatic, identified for emer- used to supply both emergency and nonemergency loads,
gency use, and approved by the authority having jurisdiction. then multiple transfer switches are required.
Transfer equipment shall be designed and installed to prevent
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700.9Article 700 — Emergency Systems

and they can result in equipment burndown. Because of the700.7 Signals
emergency nature of such systems, automatic disconnect inAudible and visual signal devices shall be provided, where
the event of a ground fault is inappropriate. Detection ofpracticable, for the purpose described in 700.7(A) through
such a fault, however, is desirable so that the condition can700.7(D).
be corrected.

(A) Derangement To indicate derangement of the emer-
gency source.

700.8 Signs
(B) Carrying Load To indicate that the battery is carrying

(A) Emergency Sources A sign shall be placed at the ser-load.
vice entrance equipment, indicating type and location of on-

(C) Not Functioning To indicate that the battery charger site emergency power sources.
is not functioning.

Exception: A sign shall not be required for individual unit
equipment as specified in 700.12(F).

The major causes of emergency equipment failure are im-
proper testing or lack of testing, inadequate maintenance, (B) Grounding Where the grounded circuit conductor con-
and the failure of attendants to see the signals that indicate nected to the emergency source is connected to a grounding
malfunctioning battery or battery-charging equipment. One electrode conductor at a location remote from the emergency
way to minimize equipment failure is to install signal devices source, there shall be a sign at the grounding location that
to annunciate trouble where attendants or other personnel shall identify all emergency and normal sources connected
familiar with the operation of the emergency equipment can at that location.
see or hear them. In theaters, assembly halls, or similar
locations, audible signal bells or horns that annunciate the

Section 700.8(B) requires a sign at the grounding location
functions specified in 700.7 should be located where their

if the emergency source is a separately derived system and
sounding will not cause panic.

is connected to a grounding electrode conductor at a location
Battery-operated unit equipment generally has a test

that is remote from the emergency source.
switch to simulate a failure of the normal system and an
indicating light that glows brightly while charging and dims
when ready. Transparent cases for lead-acid batteries allow II. Circuit Wiring
easy viewing of electrolyte levels.

700.9 Wiring, Emergency SystemA storage battery system is normally capable of deliv-
ering 12 volts, 24 volts, 32 volts, or 120 volts and consists (A) Identification All boxes and enclosures (including
of monitoring and distribution cabinets and a console with transfer switches, generators, and power panels) for emer-
battery and charger. A storage battery system generally in- gency circuits shall be permanently marked so they will be
cludes audio, visual, and remote signal devices and a test readily identified as a component of an emergency circuit
switch, and it may include a trouble bell and silence switch. or system.

The marking may be by color code, the words ‘‘emergency(D) Ground Fault To indicate a ground fault in solidly
system,’’ or any other type of identification that identifiesgrounded wye emergency systems of more than 150 volts
the box or enclosure as a component of the emergencyto ground and circuit-protective devices rated 1000 amperes
system.or more. The sensor for the ground-fault signal devices shall

be located at, or ahead of, the main system disconnecting
means for the emergency source, and the maximum setting

(B) Wiring Wiring of two or more emergency circuits sup-of the signal devices shall be for a ground-fault current of
plied from the same source shall be permitted in the same1200 amperes. Instructions on the course of action to be
raceway, cable, box, or cabinet. Wiring from an emergencytaken in event of indicated ground fault shall be located at
source or emergency source distribution overcurrent protec-or near the sensor location.
tion to emergency loads shall be kept entirely independent

FPN: For signals for generator sets, see NFPA 110-2002, of all other wiring and equipment, unless otherwise permitted
Standard for Emergency and Standby Power Systems. in (1) through (4):

(1) Wiring from the normal power source located in transferAlthough 700.26 indicates that ground-fault protection of
equipment enclosuresequipment is not required on the alternate source for emer-

(2) Wiring supplied from two sources in exit or emergencygency systems, ground faults can occur on such systems,
luminaires (lighting fixtures)
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700.9 Article 700 — Emergency Systems

Sections 700.9(B)(2) and 700.9(B)(3) permit the use of two-(3) Wiring from two sources in a common junction box,
attached to exit or emergency luminaires (lighting fix- lamp exit or two-lamp emergency fixtures, where one lamp

is connected to the normal supply and one lamp is connectedtures)
(4) Wiring within a common junction box attached to unit to the alternate supply. Both lamps may be illuminated as

part of the regular lighting operation.equipment, containing only the branch circuit supplying
the unit equipment and the emergency circuit supplied Wiring on the load side of a transfer switch serves as

both the emergency circuit wiring and the normal circuitby the unit equipment
wiring. It is not intended that two sets of wiring supply
emergency loads from the transfer switch to the emergencyWhere an alternate power source supplies a switchboard
load distribution panel, as shown in Exhibit 700.3 and Ex-from a single feeder or feeders in parallel, that switchboard
hibit 700.4, or from these emergency distribution panels tomay further distribute and provide power for the emergency,
the emergency loads.legally required, and optional standby systems.

Switchboards provide the physical separation require-
ments of both system and wiring from a common power

(C) Wiring Design and Location Emergency wiring cir-
source. This physical separation cannot occur within a pan-

cuits shall be designed and located so as to minimize the
elboard enclosure because of its open design. Individual

hazards that might cause failure due to flooding, fire, icing,
overcurrent sections can supply emergency, legally required,

vandalism, and other adverse conditions.
and optional standby transfer switches.

Where generators operate in parallel, frequency and
The purpose of 700.9(C) is to minimize the likelihood ofvoltage are synchronized and supply a common bus array.
impairment of the emergency system due to flood, fire,From this bus, emergency, legally required, and optional
icing, vandalism, or other adverse conditions. The samestandby transfer switches can be supplied.
requirement applies to sources of power covered in 700.12.Emergency circuit wiring is not permitted to enter the

same raceway, cable, box, or cabinet as the regular or normal
wiring of the building. Wiring for the emergency circuits

(D) Fire Protection Emergency systems shall meet the ad-
(see Exhibit 700.1) must be completely independent of all

ditional requirements in 700.9(D)(1) and (D)(2) assembly
other wiring and equipment. This practice ensures that any

occupancies for not less than 1000 persons or in buildings
fault on the normal wiring circuits will not affect the perfor-

above 23 m (75 ft) in height with any of the following
mance of the emergency wiring or equipment.

occupancy classes: assembly, educational, residential, deten-
To effect an immediate transfer from one system to the

tion and correctional, business, and mercantile.
other, both the normal source and the emergency source must
be present within a transfer switch enclosure per 700.9(B)(1). (1) Feeder-Circuit Wiring Feeder-circuit wiring shall

meet one of the following conditions:

(1) Be installed in spaces or areas that are fully protected
by an approved automatic fire suppression system

This section was revised for the 2005 Code. Previously, it
required wiring to be in buildings that were fully protected
by an approved automatic fire suppression system. However,
such buildings may have spaces, such as the space above a
suspended ceiling, that are not fully protected by the suppres-
sion system. The revised wording clarifies that the wiring
must be in a space that is protected by the automatic suppres-
sion system.

(2) Be a listed electrical circuit protective system with a
700

Loads
701

Loads
702

Loads

Distribution
switchboard

G

minimum 1-hour fire rating
(3) Be protected by a listed thermal barrier system for elec-

Exhibit 700.1 Illustration of a single generator supplying distribu- trical system components
tion switchboard from which emergency (Article 700), legally re-

(4) Be protected by a fire-rated assembly listed to achievequired standby (Article 701), and optional standby (Article 702)
a minimum fire rating of 1 hourloads are supplied.

(5) Be embedded in not less than 50 mm (2 in.) of concrete
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700.12Article 700 — Emergency Systems

tems include electrical circuit protective systems (FHIT),(6) Be a cable listed to maintain circuit integrity for not
less than 1 hour when installed in accordance with the electrical circuit protective materials (FHIY), and fire-re-

sistive cables (FHJR).listing requirements

(2) Listed Thermal Barrier Systems. These systems(2) Feeder-Circuit Equipment Equipment for feeder cir-
are described in the UL Building Materials Directory ascuits (including transfer switches, transformers, and pan-
thermal barrier systems (XCLF). Examples of the thermalelboards) shall be located either in spaces fully protected
barrier protection technique include batts and blanketsby approved automatic fire suppression systems (including
(XCLR), packing material (XCMD), and preformed mineralsprinklers, carbon dioxide systems) or in spaces with a
and fiber units (XCMK) wrapped or otherwise formed over1-hour fire resistance rating.
the conduit to achieve a predetermined fire rating.

FPN: For the definition of occupancy classification, see
Section 6.1 of NFPA 101-2003, Life Safety Code. (3) Fire-Rated Assembly. These systems are de-

scribed in the UL Fire Resistance Directory, Volumes 1 and
2. The assemblies found in Volume 1 include hourly ratingsThe proper operation of emergency electrical systems is
for beams, floors, roofs, columns, and walls and partitions.critical for densely populated occupancies and for high-rise
Volume 2 of the directory includes hourly ratings for jointoccupancies. Therefore, fire protection requirements for both
systems and through-penetration firestop systems. All fireemergency system feeder circuits and equipment ensure the
ratings and fire resistance ratings are based on the assump-integrity as well as the performance of the emergency electri-
tion that the structural supports for the assembly are notcal system. If feeders and equipment are located in buildings
impaired by the fire.that are fully protected by an approved fire suppression

system, then no further fire protection techniques are gener- (4) Embedded in Concrete. Embedding a conduit in
ally required. concrete is most effective when implemented during original

Sprinkler systems are the most common fire suppression construction. This method has been successful for many
systems, and they are covered in NFPA 13, Standard for the years in protecting premises from service conductors. Ac-
Installation of Sprinkler Systems. Buildings that are fully cording to 230.6, conductors embedded in not less than 2
protected by automatic sprinkler systems meet the require- in. of concrete are considered to be outside the building.
ments of 700.9(D). Additional fire suppression systems are

(5) Cables Listed to Maintain Circuit Integrity. Cir-included in the following standards:
cuit integrity cables are classified by the ULBuildingMateri-

1. NFPA 11, Standard for Low-, Medium-, and High-
als Directory under the existing product category of fire-

Expansion Foam
resistive cables (FHJR).

2. NFPA 12, Standard on Carbon Dioxide Extinguishing
Systems

It is important to understand the difference between a 1-3. NFPA 12A, Standard on Halon 1301 Fire Extinguishing
hour fire rating of an electrical cable and a 1-hour fire resis-Systems
tance rating of a structural member, such as a wall. Simply4. NFPA 15, Standard for Water Spray Fixed Systems for
stated, at the end of a 1-hour fire rating test on an electricalFire Protection
cable, the circuit and its insulation must be intact and electri-5. NFPA 17, Standard for Dry Chemical Extinguishing
cally functioning. (No short circuits, grounds, or opens areSystems
permitted.) However, a wall subjected to a 1-hour fire resis-6. NFPA 2001, Standard on Clean Agent Fire Extinguish-
tance test must only prevent a fire from passing through oring Systems
past the wall, without regard to damage to the wall.

If feeders and equipment are not located in buildings
that are fully protected by an approved fire suppression III. Sources of Power
system, other methods and protection techniques are avail-
able to comply with the fire protection requirements of 700.12 General Requirements
700.9(D)(2). These additional fire protection methods and Current supply shall be such that, in the event of failure of
techniques include the following. the normal supply to, or within, the building or group of

buildings concerned, emergency lighting, emergency power,(1) Listed Electrical Circuit Protective Systems.
or both shall be available within the time required for theThese systems are described in the UL Building Materials
application but not to exceed 10 seconds. The supply systemDirectory. The four-letter code (shown in parentheses) fol-
for emergency purposes, in addition to the normal serviceslowing each category heading in the directory is the UL
to the building and meeting the general requirements of thisproduct category guide designation. Examples of these sys-
section, shall be one or more of the types of systems de-
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700.12 Article 700 — Emergency Systems

careful evaluation of the variables at each particular in-scribed in 700.12(A) through 700.12(E). Unit equipment
stallation.in accordance with 700.12(F) shall satisfy the applicable

requirements of this article.
(A) Storage Battery Storage batteries used as a source ofIn selecting an emergency source of power, consider-
power for emergency systems shall be of suitable rating andation shall be given to the occupancy and the type of service
capacity to supply and maintain the total load for a minimumto be rendered, whether of minimum duration, as for evacua-
period of 11⁄2 hours, without the voltage applied to the loadtion of a theater, or longer duration, as for supplying emer-
falling below 871⁄2 percent of normal.gency power and lighting due to an indefinite period of current

Batteries, whether of the acid or alkali type, shall befailure from trouble either inside or outside the building.
designed and constructed to meet the requirements of emer-Equipment shall be designed and located so as to mini-
gency service and shall be compatible with the charger formize the hazards that might cause complete failure due to
that particular installation.flooding, fires, icing, and vandalism.

For a sealed battery, the container shall not be required
to be transparent. However, for the lead acid battery that

An alternate source of power must be designed and located requires water additions, transparent or translucent jars shall
such that it is not exposed to hazards that could impair its be furnished. Automotive-type batteries shall not be used.
reliability. Such hazards include fire, flooding, icing, and An automatic battery charging means shall be provided.
vandalism. See Exhibit 700.2.

(B) Generator Set

(1) Prime Mover-Driven For a generator set driven by a
prime mover acceptable to the authority having jurisdiction
and sized in accordance with 700.5, means shall be provided
for automatically starting the prime mover on failure of the
normal service and for automatic transfer and operation of all
required electrical circuits. A time-delay feature permitting a
15-minute setting shall be provided to avoid retransfer in
case of short-time reestablishment of the normal source.

(2) Internal Combustion as Prime Movers Where inter-
nal combustion engines are used as the prime mover, an on-
site fuel supply shall be provided with an on-premise fuel
supply sufficient for not less than 2 hours’ full-demand
operation of the system. Where power is needed for the
operation of the fuel transfer pumps to deliver fuel to a
generator set day tank, this pump shall be connected to the
emergency power system.

Exhibit 700.2 Alternate source of power in a heated and secure
building that is located in an area not subject to flooding.

Engine-driven generators that require a fuel pump may not
start or continue operating if the fuel pump is not operating.
The last sentence of 700.12(B)(2) ensures that fuel transfer

Equipment for sources of power as described in
pumps have power when needed.

700.12(A) through 700.12(E) where located within assembly
occupancies for greater than 1000 persons or in buildings
above 23 m (75 ft) in height with any of the following

(3) Dual Supplies Prime movers shall not be solely depen-occupancy classes — assembly, educational, residential, de-
dent on a public utility gas system for their fuel supply ortention and correctional, business, and mercantile — shall
municipal water supply for their cooling systems. Meansbe installed either in spaces fully protected by approved
shall be provided for automatically transferring from oneautomatic fire suppression systems (sprinklers, carbon diox-
fuel supply to another where dual fuel supplies are used.ide systems, and so forth) or in spaces with a 1-hour fire

rating. Exception: Where acceptable to the authority having juris-
diction, the use of other than on-site fuels shall be permittedFPN No. 1: For the definition of occupancy classifica-
where there is a low probability of a simultaneous failuretion, see Section 6.1 of NFPA 101-2003, Life Safety Code.
of both the off-site fuel delivery system and power from theFPN No. 2: Assignment of degree of reliability of the

recognized emergency supply system depends on the outside electrical utility company.
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700.12Article 700 — Emergency Systems

ensure operation when the engine-driven generator operates.(4) Battery Power and Dampers Where a storage battery
is used for control or signal power or as the means of starting These additional loads require the system designer to ensure

that the engine-driven generator is of adequate capacity inthe prime mover, it shall be suitable for the purpose and
shall be equipped with an automatic charging means inde- accordance with 700.5(A).
pendent of the generator set. Where the battery charger is
required for the operation of the generator set, it shall be

(5) Auxiliary Power Supply Generator sets that requireconnected to the emergency system. Where power is required
more than 10 seconds to develop power shall be permittedfor the operation of dampers used to ventilate the generator
if an auxiliary power supply energizes the emergency systemset, the dampers shall be connected to the emergency system.
until the generator can pick up the load.

Engine-driven generators that are not equipped with an al-
Exhibit 700.3 illustrates a typical generator installation sup-ternator to provide battery charging require a separate bat-
plying standby power.tery-charging system. Failure of the power supply to a

battery-charging system or failure of the battery-charging
system itself could render the engine-driven generator inop-

(6) Outdoor Generator Sets Where an outdoor housed
erable. The second sentence of 700.12(B)(4) ensures that

generator set is equipped with a readily accessible discon-
the charging system always has power.

necting means located within sight of the building or struc-
Ventilation dampers may require electrical power in

ture supplied, an additional disconnecting means shall not
order to operate. If this is the case, 700.12(B)(4) also requires

be required where ungrounded conductors serve or pass
them to be powered by the emergency power source to

through the building or structure.

To load
Emergency feed

Main 
fuel  
gauge

Suction line

ac jacket 
water heater

Return line

Flexible 
fuel lines

Batteries

Battery 
charger

Engine 
generator
control

Normal utility feed Generator- 
mounted 
circuit 
breaker

Vibration isolators

dc feed to
battery & 
engine 
start 
control

ac feed from
normal utility

Inlet air 
opening

Automatic 
transfer switch

Flexible conduits
Flexible 
coupling

Silencer

Wall thimble

Supports Drain

Outlet air
opening

Flexible duct

Day tank

Main 
fuel tank

Typical Generator Installation

Exhibit 700.3 A typical generator installation supplying standby power in ratings from 55 kW to
930 kW, 60 Hz. (Courtesy of Caterpillar)
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700.12 Article 700 — Emergency Systems

Off-site fuel supplies such as natural gas or pipedSection 700.12(B)(6) clarifies the requirements for the dis-
steam may be used where experience has demonstratedconnecting means for an outdoor generator set. The discon-
their reliability. Off-site fuel supplies may also be usednecting means on the generator can be used as the
where they will provide greater reliability than gasolinedisconnecting means required in 225.31, provided the dis-
or diesel engines or in isolated areas where maintenanceconnecting means is readily accessible and is within sight
or refueling could be a problem.of the building. See the definitions of the terms accessible,

Some types of drivers, particularly large ones, mayreadily, and in sight from in Article 100.
take longer than 10 seconds to accelerate and develop
generator voltage. Gas and steam turbines and large

(C) Uninterruptible Power Supplies Uninterruptible internal-combustion engines may have prolonged start-
power supplies used to provide power for emergency systems ing times. Depending on the specific loads, short-time
shall comply with the applicable provisions of 700.12(A) supply could be provided by an uninterruptible power
and 700.12(B). supply; a generator shared with other loads; or a genera-
(D) Separate Service Where acceptable to the authority tor with limited emergency supply, such as an expander,
having jurisdiction as suitable for use as an emergency source a steam turbine, or a waste heat system.
of power, an additional service shall be permitted. This 3. Uninterruptible power supplies (UPS), which generally
service shall be in accordance with the applicable provisions include a rectifier, a storage battery, and an inverter to
of Article 230 and the following additional requirements: ac. Uninterruptible power supplies may be very complex

systems with redundant components and high-speed(1) Separate service drop or service lateral
solid-state switching. It is common practice to include(2) Service conductors sufficiently remote electrically and
an automatic bypass for UPS malfunction to permitphysically from any other service conductors to mini-
maintenance.mize the possibility of simultaneous interruption of

4. The use of a separate service, which requires a judgmentsupply
by the authority having jurisdiction. Such judgment

(E) Fuel Cell System Fuel cell systems used as a source should be based on the nature of the emergency loads and
of power for emergency systems shall be of suitable rating the expected reliability of the other available sources.
and capacity to supply and maintain the total load for not 5. Unit equipment wired with a flexible cord (not longer
less than 2 hours of full-demand operation. than 3 ft) and attachment plug cap. Unit equipment must

Installation of a fuel cell system shall meet the require- be permanently fixed in place, usually by mounting
ments of Parts II through VIII of Article 692. screws that are accessible only from within the unit.

Where a single fuel cell system serves as the normal One or more lamps may be mounted on or remote from
supply for the building or group of buildings concerned, it the unit. The unit should be located where it can be
shall not serve as the sole source of power for the emergency readily checked or tested for proper performance. See
standby system. Exhibit 700.4.

When designing emergency systems, whether for lighting
or power, or both, the type of source that is needed must be
considered.

Supply systems for emergency systems can be designed
as one or more of the following:

1. One storage battery or a group of storage batteries pro-
vided with an automatic battery-charging means. (See
also Article 480.)

2. A generator set driven by a prime mover, acceptable
to the authority having jurisdiction, and with adequate
capacity to carry the maximum load connected. Prime
movers may be internal-combustion engines, steam or
gas turbines, or other approved types of mechanical
drivers. A storage battery used to start the prime mover
must be provided with an automatic battery-charging
means. An on-site fuel supply that is sufficient to operate Exhibit 700.4 Self-contained, fully automatic unit equipment for
internal-combustion engines at full load for 2 hours operating emergency lighting located on the unit or for remotely

located exit signs or lighting heads. (Courtesy of Dual-Lite, Inc.)must also be available.
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700.12Article 700 — Emergency Systems

Unit equipment is intended to provide illumination for
the area where it is installed. For instance, if a unit is located
in a corridor, it must be connected to the branch circuit
supplying the normal corridor lights (on the line side of any
switching arrangements). If normal power fails, the unit
automatically energizes the unit lamps, restoring illumina-
tion to the corridor. A separate circuit is not permitted for unit
equipment [except as noted in the exception to 700.12(F)]
because, if applied to the preceding example, failure of the
normal corridor circuit would not affect the unit equipment,
and the corridor would remain dark. The branch circuit
feeding the unit must be identified at the panelboard.

Notes on General Requirements for Emergency
Lighting Systems

At least two sources of power must be provided — one
normal supply and one or more emergency systems described
in 700.12. The sources may be (1) two services — one
normal supply and one emergency supply (preferably from
separate utility stations), (2) one normal service and a storage
battery (or unit equipment) system, or (3) one normal service
and a generator set. (See Exhibits 700.5 and 700.6.)

A transfer means (or throw-over switch) must be

Utility
supply

Emergency
service

Service disconnecting means
and overcurrent protection

Emergency load
distribution panel

Nonemergency loads

Main distribution panel

Normal supply to  
emergency system

Transfer switch

Exhibit 700.6 Emergency load arranged to be supplied from two
widely separated services, as permitted by 700.12(D). When one
service fails, the emergency load is transferred to the other
service.

provided to energize the emergency equipment from the
alternate supply when the normal source of supply is inter-
rupted.

If a separate service is used, both may operate normally,
but equipment for emergency lighting and power must be
arranged to be energized from either service.

If the alternate or emergency source of supply is a
storage battery or generator set, the single emergency system
is usually operated on the normal service, and the battery
(or batteries) or generator operates only if the normal service
fails. A generator may be used, however, for peak load
shaving and the like in accordance with 700.5.

Two or more separate and complete systems may pro-
vide power for emergency lighting, but means must be pro-
vided for energizing one system if the other one fails.

It should be noted that provisions for disconnecting
means and overcurrent protection (see Exhibits 700.5 and
700.6) are to be provided for emergency systems as required
by Article 230.

Utility
supply

Service disconnecting means
and overcurrent protection

CG

Emergency load
distribution panel

Nonemergency loads

Main distribution panel

Normal supply to  
emergency system

Transfer switch

Exhibit 700.5 Emergency load arranged to be supplied from a
(F) Unit Equipment Individual unit equipment for emer-generator, as permitted by 700.12(B).
gency illumination shall consist of the following:
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700.15 Article 700 — Emergency Systems

(1) A rechargeable battery such as the burning out of a light bulb, cannot leave in total
darkness any space that requires emergency illumination.(2) A battery charging means

(3) Provisions for one or more lamps mounted on the equip- Where high-intensity discharge lighting such as high-
and low-pressure sodium, mercury vapor, and metal halidement, or shall be permitted to have terminals for remote

lamps, or both is used as the sole source of normal illumination, the emer-
gency lighting system shall be required to operate until(4) A relaying device arranged to energize the lamps auto-

matically upon failure of the supply to the unit equip- normal illumination has been restored.
ment

Exception: Alternative means that ensure emergency light-
ing illumination level is maintained shall be permitted.The batteries shall be of suitable rating and capacity to

supply and maintain at not less than 871⁄2 percent of the
nominal battery voltage for the total lamp load associated High-intensity discharge (HID) fixtures take some time to
with the unit for a period of at least 11⁄2 hours, or the unit start once they are energized. Therefore, if HID fixtures are
equipment shall supply and maintain not less than 60 percent the sole source of normal illumination in an area, the Code
of the initial emergency illumination for a period of at least requires that the emergency lighting system operate not only
11⁄2 hours. Storage batteries, whether of the acid or alkali until the normal system is returned to service but also until
type, shall be designed and constructed to meet the require- the HID fixtures provide illumination. This may require
ments of emergency service. a timing circuit, photoelectric monitoring system, or the

Unit equipment shall be permanently fixed in place (i.e., equivalent.
not portable) and shall have all wiring to each unit installed
in accordance with the requirements of any of the wiring
methods in Chapter 3. Flexible cord-and-plug connection 700.17 Circuits for Emergency Lighting
shall be permitted, provided that the cord does not exceed Branch circuits that supply emergency lighting shall be in-
900 mm (3 ft) in length. The branch circuit feeding the unit stalled to provide service from a source complying with
equipment shall be the same branch circuit as that serving 700.12 when the normal supply for lighting is interrupted.
the normal lighting in the area and connected ahead of any Such installations shall provide either of the following:
local switches. The branch circuit that feeds unit equipment

(1) An emergency lighting supply, independent of the gen-shall be clearly identified at the distribution panel. Emer-
eral lighting supply, with provisions for automaticallygency luminaires (illumination fixtures) that obtain power
transferring the emergency lights upon the event offrom a unit equipment and are not part of the unit equipment
failure of the general lighting system supplyshall be wired to the unit equipment as required by 700.9

(2) Two or more separate and complete systems with inde-and by one of the wiring methods of Chapter 3.
pendent power supply, each system providing sufficient

Exception: In a separate and uninterrupted area supplied current for emergency lighting purposes
by a minimum of three normal lighting circuits, a separate
branch circuit for unit equipment shall be permitted if it

Unless both systems are used for regular lighting pur-
originates from the same panelboard as that of the normal

poses and are both kept lighted, means shall be provided
lighting circuits and is provided with a lock-on feature.

for automatically energizing either system upon failure of
the other. Either or both systems shall be permitted to be a

IV. Emergency System Circuits for part of the general lighting system of the protected occu-
Lighting and Power pancy if circuits supplying lights for emergency illumination

are installed in accordance with other sections of this article.700.15 Loads on Emergency Branch Circuits
No appliances and no lamps, other than those specified as

General Considerations for Transfer Switches
required for emergency use, shall be supplied by emergency

Automatic transfer switches of double-throw constructionlighting circuits.
are used primarily for emergency and standby power genera-
tion systems rated 600 volts or less. These transfer switches700.16 Emergency Illumination
do not normally incorporate overcurrent protection and are

Emergency illumination shall include all required means of designed and applied in accordance with the Code, particu-
egress lighting, illuminated exit signs, and all other lights larly Articles 700 and 701. Automatic transfer switches are
specified as necessary to provide required illumination. available in ratings from 30 to 3000 amperes. For reliability,

Emergency lighting systems shall be designed and in- most automatic transfer switches rated above 100 amperes
stalled so that the failure of any individual lighting element,
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700.17Article 700 — Emergency Systems

source are typically grounded at their locations, the multipleare mechanically held and electrically operated from the
power source to which the load is to be transferred. neutral-to-ground connections usually require some addi-

tional means or devices to ensure proper ground-fault sens-An automatic transfer switch is usually located in the
main or secondary distribution bus that feeds the branch ing by the ground-fault protection device. Additional means

or devices are generally required because the usual alter-circuits. Because of its location in the system, the capabilities
that must be designed into the transfer switch are unique ations used to stop objectionable current, per 250.6(B), do

not apply if the objectionable current is a ground-fault cur-and extensive compared with the design requirements for
other branch-circuit and feeder devices. For example, special rent. [See 250.6(C).] Rather, solutions often include adding

an overlapping neutral transfer pole or conventional fourthconsideration should be given to the following characteris-
tics of an automatic transfer: pole to the transfer switch. Other solutions include using

isolation transformers and special ground-fault circuits or
1. Its ability to close against high inrush currents using the service ground to also ground the generator neutral
2. Its ability to carry full-rated current continuously from with 3-pole transfer switches.

normal and emergency sources On ac-to-dc automatic transfer switches, a solid neutral
3. Its ability to withstand fault currents tie between the ac and dc neutrals is not permitted where
4. Its ability to interrupt six times the full-load current both sources of supply are exterior distribution systems.

Section 250.164, which addresses the location of grounds
In addition to considering each of the preceding characteris- for dc exterior systems, clearly specifies that the dc system
tics individually, it is also necessary to consider the effect can be grounded only at the supply station. If the dc system
each has on the others. is an interior isolated system, such as a storage battery, then

In arrangements that provide protection against failure solid neutral connection between the ac system neutral and
of the utility service, consideration should also be given to the dc source is acceptable.
the following: On an ac-to-dc automatic transfer switch where the

neutral must be switched, the size of the neutral switching1. An open circuit within the building area on the load
pole must be considered. A 4-pole, double-throw switchside of the incoming service
must be used where a 3-phase, 4-wire normal source and a2. Overload or fault condition
2-wire dc emergency source are transferred. A 4-pole, dou-3. Electrical or mechanical failure of the electric power
ble-throw transfer switch is required because the neutral isdistribution system within the building
switched. In this instance, one pole of the dc emergency
source carries three times the current of the other poles.

It is, therefore, desirable to locate transfer switches close to
the load and to keep the operation of the transfer switches Close Differential Voltage Supervision
independent of overcurrent protection. It is often desirable of Normal Source
to use multiple transfer switches of lower current rating

Most often, the normal source is an electric utility companylocated near the load rather than one large transfer switch
whose power is transmitted many miles to the point ofat the point of incoming service.
utilization. The automatic transfer switch control panel at

Location of Overcurrent Devices the utility company continuously monitors the voltage of
all phases. (Because utility frequency is, for all practicalThe location of overcurrent devices for both normal and
purposes, constant, only the voltage needs to be monitored.)emergency power is covered by 240.21 and is not affected
For single-phase power systems, the line-to-line voltage isby the installation of an automatic transfer switch. Transfer
monitored. For 3-phase power systems, all three line-to-lineswitches should be rated for continuous duty and have low
voltages should be monitored to provide full-phase protec-contact temperature rise.
tion.

Solid Neutral on Alternating-Current and Direct- Monitoring protects against operation at reduced volt-
Current Systems age, such as during brownouts, which can damage loads

such as motors. Because the voltage sensitivity of loadsIf automatic ac-to-ac transfer switches are used, then solid
neutrals can be used with the grounding connections, as varies, the pickup (acceptable) voltage setting and dropout

(unacceptable) voltage setting of the monitors should berequired in 250.24. If multiple grounding creates objection-
able ground current, then corrective action, as specified in adjustable. The typical range of adjustment for the pickup

is 85 to 100 percent of nominal, while the dropout setting,250.6(B), must be made.
Section 230.95 requires ground-fault protection of which is a function of the pickup setting, is 75 to 98 percent

of the pickup selected. Typical settings for most loads areequipment. Because the normal source and the emergency
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700.17 Article 700 — Emergency Systems

Time-Delay Devices on Automatic95 percent of nominal for pickup and 85 percent of
Transfer Switchesnominal for dropout (90 percent of pickup). Consideration

must be given to voltage supervision at closer differential Time-delay controls are essential to the operation of the
for many installations where the load circuits are critical automatic transfer switch. To avoid unnecessary starting and
to voltage. transfer to the alternate supply, a nominal 1-second time

Electronic equipment load is frequently voltage critical. delay, adjustable up to 6 seconds, can override momentary
Installations that use such equipment include patient care interruptions and temporary reductions in normal source
equipment in health care facilities, X-ray equipment, televi- voltage but still allow starting and transfer if the reduction
sion stations, cable TV centers, microwave communications, or outage is sustained. Local electric utilities can provide
telephone communications, computers, computer-operated circuit protection schemes and timing information. Because
equipment, computer centers, and similar applications. momentary outages may last 2 seconds, nominal, a correctly

Polyphase motors operating at low load have a tendency set time delay should prevent the transfer switch from op-
to single phase, despite the loss of voltage in one phase, erating (and prevent generator starting) during utility auto-
leading to burnout of the motor. A close differential of matic circuit protection operation. However, the time delay
voltage supervision should be applied to automatic transfer should be set fast enough to effectively operate the transfer
switches for motor installations of the polyphase type. Dif- switch and provide backup power for long-term outages.
ferential voltage relays with a close adjustment of 2 percent The advantages of a time delay are realized in all types
for transfer and retransfer values aid in the detection of of automatic transfer installations. In standby plant installa-
phase outages and provide protection from single phasing. tions, the reduced number of false starts is especially im-

portant to minimize wear on the starting gear, battery, and
Automatic Transfer Switches with Emergency associated equipment. This delay is generally set at 1 second
Source on Automatically Started Power Plant but may be set higher if reclosers or circuit breakers on the

utility power lines take longer to operate or if momentaryIn installations that require an emergency power source,
the normal source is usually a utility power line, and the power dips exceed 1 second. If longer delay settings are used,

care must be taken to ensure that sufficient time remains toemergency source is an automatically started engine genera-
tor set that starts when the normal source fails. To ensure meet 10-second power restoration requirements. The author-

ity having jurisdiction may determine that a longer-termmaximum reliability, a minimum installation should be ar-
ranged to do the following: power failure does not occur until the utility automatic pro-

tective devices fail to restore power to the facility. For exam-
ple, the 10-second power restoration requirements would1. Initiate engine starting of the power plant from a contact

on the automatic transfer switch control panel. become effective after the 2-second, nominal, recloser or
circuit breaker cycle.2. Sustain connection of load circuits to the normal source

during the starting period to provide utilization of any Once the load is transferred to the alternate source,
another timer delays retransfer to the normal source untilexisting service from the normal source.

3. Measure output voltage and frequency of emergency that source has time to stabilize. See the commentary follow-
ing the exception to 700.16. This timer is required bysource through the use of a voltage-frequency-sensitive

monitor and effect transfer of the load circuits to the 700.12(B)(1) and is controlled by the preferred source volt-
age monitors. The timer is adjustable from 0 to 30 minutespower plant only when both voltage and frequency of

the power plant are approximately normal. Sensing of and is normally set at 30 minutes. Another important function
of this retransfer timer is to allow an engine generator tothe emergency source need only be single phase, be-

cause most applications involve an on-site engine gener- operate under load for a preselected minimum time to ensure
continued good performance of the set and its starting sys-ator with a relatively short line run to the automatic

transfer switch. In addition to monitoring voltage, the tem. This delay should be automatically nullified if the alter-
nate source fails and the normal source is available, asemergency source’s frequency should be monitored. Un-

like the utility power, the engine generator frequency determined by the voltage monitors.
Engine generator manufacturers often recommend acan vary during start-up. Frequency monitoring avoids

overloading the engine generator while it is starting cool-down period for their sets that allows them to run
unloaded after the load is retransferred to the normal source.and can thus prevent stalling the engine. Combined

frequency and voltage monitoring prevents loads from A third time delay, usually 5 minutes, is provided for this
purpose. Running an unloaded engine for more than 5 mi-being transferred to an engine generator set with an

unacceptable output. nutes is neither necessary nor recommended because it can
cause deterioration in engine performance.4. Provide visual signal and auxiliary contact for remote

indication when the power plant is feeding the load. If more than one automatic transfer switch is connected
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700.27Article 700 — Emergency Systems

to the same engine generator, it is sometimes recommended permitted to be controlled by an automatic light-actuated
device.that transfer of the loads be purposely sequenced to the

alternate source. Using such a sequencing scheme can reduce
starting kVA capacity requirements of the generator. A fourth VI. Overcurrent Protection
timer, adjustable from 0 to 5 minutes, will delay transfer

700.25 Accessibilityto the emergency supply source for this and other, similar
The branch-circuit overcurrent devices in emergency circuitsrequirements.
shall be accessible to authorized persons only.

700.18 Circuits for Emergency Power 700.26 Ground-Fault Protection of Equipment
For branch circuits that supply equipment classed as emer- The alternate source for emergency systems shall not be
gency, there shall be an emergency supply source to which required to have ground-fault protection of equipment with
the load will be transferred automatically upon the failure automatic disconnecting means. Ground-fault indication of
of the normal supply. the emergency source shall be provided per 700.7(D).

V. Control — Emergency 700.27 Coordination
Lighting Circuits Emergency system(s) overcurrent devices shall be selec-

tively coordinated with all supply side overcurrent protective700.20 Switch Requirements
devices.The switch or switches installed in emergency lighting cir-

cuits shall be arranged so that only authorized persons have
This requirement, new in the 2005 NEC, requires that allcontrol of emergency lighting.
emergency system overcurrent devices be selectively coordi-

Exception No. 1: Where two or more single-throw switches nated with the overcurrent devices installed on their supply
are connected in parallel to control a single circuit, at least side. The term coordination (selective), as defined in Article
one of these switches shall be accessible only to authorized 100, indicates that a selectively coordinated system is one
persons. where the operation of the overcurrent protective scheme

localizes an overcurrent condition to the circuit conductorsException No. 2: Additional switches that act only to put
or equipment in which an overload or fault (short-circuitemergency lights into operation but not disconnect them
or ground fault) has occurred. Because the purpose of anshall be permissible.
emergency system is to provide power to essential life safety
systems in a building or facility, a selectively coordinatedSwitches connected in series or 3- and 4-way switches
overcurrent protection scheme that localizes and minimizesshall not be used.
the extent of an interruption of power due to the opening
of a protective device is a critical safety element. Continuity700.21 Switch Location
of operation of illumination for occupant evacuation or main-

All manual switches for controlling emergency circuits shall taining continuity of operation of essential safety equipment
be in locations convenient to authorized persons responsible such as smoke evacuation systems is necessary for occupant
for their actuation. In facilities covered by Articles 518 and safety during a fire or other emergency. Simply put, an
520, a switch for controlling emergency lighting systems overcurrent event (overload, short-circuit, or ground-fault) in
shall be located in the lobby or at a place conveniently a 20 ampere branch circuit cannot cause the feeder protective
accessible thereto. device supplying the branch circuit panelboard to open. This

In no case shall a control switch for emergency lighting coordination must be carried through each level of distribu-
be placed in a motion-picture projection booth or on a stage tion that supplies power to the emergency system.
or platform. Design and subsequent verification of electrical system

coordination can be achieved only through a coordinationException: Where multiple switches are provided, one such
study that entails detailed knowledge of electrical supplyswitch shall be permitted in such locations where arranged
system fault current characteristics and a design that inte-so that it can only energize the circuit, but cannot de-energize
grates overcurrent protective devices that react to overcur-the circuit.
rent and interact with each other in such a manner that the
objective of minimizing outages by localizing the overcur-700.22 Exterior Lights
rent problem and isolating that part of the emergency system

Those lights on the exterior of a building that are not required can be achieved. It is important to note that modifications
for illumination when there is sufficient daylight shall be
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701.1 Article 701 — Legally Required Standby Systems

to the electrical system subsequent to the initial design and
(C) Uninterruptible Power Suppliesinstallation can significantly impact the original implementa-
(D) Separate Servicetion of the coordinated system. For additional discussion on
(E) Connection Ahead of Service Disconnectingselective coordination, see the commentary for 620.62 and

MeansExhibit 620.7.
(F) Fuel Cell System
(G) Unit Equipment

IV. Overcurrent ProtectionARTICLE 701
701.15 AccessibilityLegally Required Standby Systems 701.17 Ground-Fault Protection of Equipment
701.18 Coordination

Summary of Changes
• 701.11(B)(5): Revised to cover ungrounded conductors

I. Generalthat pass through, the building or structure.

701.1 Scope• 701.11(F): Added new paragraph permitting fuel cell sys-
tems as a source of supply. The provisions of this article apply to the electrical safety

of the installation, operation, and maintenance of legally• 701.18: Added new section requiring that standby sys-
required standby systems consisting of circuits and equip-tem(s) overcurrent devices be selectively coordinated with
ment intended to supply, distribute, and control electricityall supply side overcurrent protective devices.
to required facilities for illumination or power, or both, when
the normal electrical supply or system is interrupted.

The systems covered by this article consist only of those
Contents that are permanently installed in their entirety, including the

I. General power source.
701.1 Scope

FPN No. 1: For additional information, see NFPA 99-701.2 Definition
2002, Standard for Health Care Facilities.701.3 Application of Other Articles
FPN No. 2: For further information regarding perfor-701.4 Equipment Approval
mance of emergency and standby power systems, see701.5 Tests and Maintenance for Legally Required NFPA 110-2002, Standard for Emergency and Standby

Standby Systems Power Systems.
(A) Conduct or Witness Test FPN No. 3: For further information, see ANSI/IEEE
(B) Tested Periodically 446-1995, Recommended Practice for Emergency and

Standby Power Systems for Industrial and Commercial(C) Battery Systems Maintenance
Applications.(D) Written Record

(E) Testing Under Load
701.6 Capacity and Rating Legally required standby systems are intended to provide

electric power to aid in fire fighting, rescue operations, con-701.7 Transfer Equipment
(A) General trol of health hazards, and similar operations. In comparison,

emergency systems (see Article 700) are those systems es-(B) Bypass Isolation Switches
(C) Automatic Transfer Switches sential for safety to life. Optional standby systems (see Arti-

cle 702) are those in which failure can cause physical701.8 Signals
(A) Derangement discomfort, serious interruption of an industrial process,

damage to process equipment, or disruption of business, for(B) Carrying Load
(C) Not Functioning example.

The requirements for legally required standby systems701.9 Signs
(A) Mandated Standby are much the same as for emergency systems. There are,

however, some differences. When normal power is lost,(B) Grounding
II. Circuit Wiring legally required systems must be able to supply standby

power in 60 seconds or less, instead of the 10 seconds701.10 Wiring Legally Required Standby Systems
III. Sources of Power or less required of emergency systems. Wiring for legally

required standby systems may occupy the same raceways,701.11 Legally Required Standby Systems
(A) Storage Battery cables, boxes, and cabinets as other general wiring. Wiring

for emergency systems must be kept entirely independent(B) Generator Set
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701.7Article 701 — Legally Required Standby Systems

of other wiring. Legally required standby systems take sec- 701.6 Capacity and Rating
ond priority to emergency systems if they are involved in A legally required standby system shall have adequate capac-
sharing an alternate supply and/or load shedding or peak ity and rating for the supply of all equipment intended to
shaving schemes. be operated at one time. Legally required standby system

equipment shall be suitable for the maximum available fault
current at its terminals.

701.2 Definition The legally required standby alternate power source
Legally Required Standby Systems. Those systems re- shall be permitted to supply both legally required standby
quired and so classed as legally required standby by munici- and optional standby system loads under either of the follow-
pal, state, federal, or other codes or by any governmental ing conditions:
agency having jurisdiction. These systems are intended to

(1) Where the alternate source has adequate capacity to
automatically supply power to selected loads (other than

handle all connected loads
those classed as emergency systems) in the event of failure

(2) Where automatic selective load pickup and load shed-
of the normal source.

ding is provided that will ensure adequate power to the
legally required standby circuitsFPN: Legally required standby systems are typically in-

stalled to serve loads, such as heating and refrigeration
systems, communications systems, ventilation and smoke

This section was revised for the 2005 Code. Previously,removal systems, sewage disposal, lighting systems, and
701.6(2) required selective load pickup and load sheddingindustrial processes, that, when stopped during any inter-
where a legally required standby system also supplied op-ruption of the normal electrical supply, could create haz-

ards or hamper rescue or fire-fighting operations. tional standby loads. Selective load pickup and load shedding
are no longer required if the generator has sufficient capacity

701.3 Application of Other Articles to supply all connected loads.

Except as modified by this article, all applicable articles of
this Code shall apply. 701.7 Transfer Equipment

(A) General Transfer equipment, including automatic
701.4 Equipment Approval transfer switches, shall be automatic and identified for

standby use and approved by the authority having jurisdic-All equipment shall be approved for the intended use.
tion. Transfer equipment shall be designed and installed
to prevent the inadvertent interconnection of normal and701.5 Tests and Maintenance for Legally
alternate sources of supply in any operation of the transferRequired Standby Systems
equipment. Transfer equipment and electric power produc-(A) Conduct or Witness Test The authority having juris-
tion systems installed to permit operation in parallel withdiction shall conduct or witness a test of the complete system
the normal source shall meet the requirements of Articleupon installation.
705.

(B) Tested Periodically Systems shall be tested periodi-
cally on a schedule and in a manner acceptable to the author- Section 701.7(A) permits transfer equipment to allow paral-
ity having jurisdiction to ensure the systems are maintained lel operation of the generation equipment with the normal
in proper operating condition. source as long as the requirements of Article 705 are met.

Traditional automatic transfer switches are not designed to
(C) Battery Systems Maintenance Where batteries are permit parallel operation of generation equipment and the
used for control, starting, or ignition of prime movers, the normal source. Therefore, traditional automatic transfer
authority having jurisdiction shall require periodic mainte- switches need not comply with Article 705. However, certain
nance. automatic transfer switch configurations are intentionally

designed to briefly (for a few cycles) parallel the generation(D) Written Record A written record shall be kept on such
equipment with the normal source upon load transfer from

tests and maintenance.
generator to normal source. This load transfer can occur
with minimal disturbance or effect on the load. Transfer(E) Testing Under Load Means for testing legally required
switches that employ this type of paralleling must complystandby systems under load shall be provided.
with Article 705.

FPN: For testing and maintenance procedures of emer-
gency power supply systems (EPSSs), see NFPA 110-

(B) Bypass Isolation Switches Means to bypass and iso-2002, Standard for Emergency and Standby Power Sys-
tems. late the transfer switch equipment shall be permitted. Where
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701.8 Article 701 — Legally Required Standby Systems

bypass isolation switches are used, inadvertent parallel oper- buildings concerned, legally required standby power will be
available within the time required for the application butation shall be avoided.
not to exceed 60 seconds. The supply system for legally

(C) Automatic Transfer Switches Automatic transfer
required standby purposes, in addition to the normal services

switches shall be electrically operated and mechanically
to the building, shall be permitted to comprise one or more

held.
of the types of systems described in 701.11(A) through
701.11(F). Unit equipment in accordance with 701.11(G)

The intent of 701.7(C) is to ensure that relay contacts are shall satisfy the applicable requirements of this article.
mechanically held in the event of coil failure. This require- In selecting a legally required standby source of power,
ment also correlates the NEC with NFPA 110, Standard for consideration shall be given to the type of service to be
Emergency and Standby Power Systems. rendered, whether of short-time duration or long duration.

Consideration shall be given to the location or design,
or both, of all equipment to minimize the hazards that might701.8 Signals
cause complete failure due to floods, fires, icing, and vandal-Audible and visual signal devices shall be provided, where
ism.practicable, for the purposes described in 701.8(A), (B), and

(C). FPN: Assignment of degree of reliability of the recog-
nized legally required standby supply system depends on

(A) Derangement To indicate derangement of the standby the careful evaluation of the variables at each particular
source. installation.

(B) Carrying Load To indicate that the standby source is (A) Storage Battery A storage battery shall be of suitable
carrying load. rating and capacity to supply and maintain at not less than

871⁄2 percent of system voltage the total load of the circuits(C) Not Functioning To indicate that the battery charger
supplying legally required standby power for a period of atis not functioning.
least 11⁄2 hours.

FPN: For signals for generator sets, see NFPA 110-2002,
Batteries, whether of the acid or alkali type, shall beStandard for Emergency and Standby Power Systems.

designed and constructed to meet the service requirements
of emergency service and shall be compatible with the char-701.9 Signs
ger for that particular installation.(A) Mandated Standby A sign shall be placed at the ser-

For a sealed battery, the container shall not be requiredvice entrance indicating type and location of on-site legally
to be transparent. However, for the lead acid battery thatrequired standby power sources.
requires water additions, transparent or translucent jars shall

Exception: A sign shall not be required for individual unit be furnished. Automotive-type batteries shall not be used.
equipment as specified in 701.11(G). An automatic battery charging means shall be provided.

(B) Grounding Where the grounded circuit conductor con- (B) Generator Set
nected to the legally required standby power source is con-

(1) Prime Mover-Driven For a generator set driven by anected to a grounding electrode conductor at a location
prime mover acceptable to the authority having jurisdictionremote from the legally required standby power source, there
and sized in accordance with 701.6, means shall be providedshall be a sign at the grounding location that shall identify
for automatically starting the prime mover upon failure ofall legally required standby power and normal sources con-
the normal service and for automatic transfer and operationnected at that location.
of all required electrical circuits. A time-delay feature per-

II. Circuit Wiring mitting a 15-minute setting shall be provided to avoid re-
transfer in case of short-time re-establishment of the normal701.10 Wiring Legally Required
source.

Standby Systems
(2) Internal Combustion Engines as Prime MoverThe legally required standby system wiring shall be permit-
Where internal combustion engines are used as the primeted to occupy the same raceways, cables, boxes, and cabinets
mover, an on-site fuel supply shall be provided with an on-with other general wiring.
premise fuel supply sufficient for not less than 2 hours’ full-

III. Sources of Power demand operation of the system.

701.11 Legally Required Standby Systems (3) Dual Fuel Supplies Prime movers shall not be solely
dependent on a public utility gas system for their fuel supplyCurrent supply shall be such that, in the event of failure of

the normal supply to, or within, the building or group of or municipal water supply for their cooling systems. Means
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701.11Article 701 — Legally Required Standby Systems

shall be provided for automatically transferring one fuel Where a legally required standby system is supplied by
supply to another where dual fuel supplies are used. conductors tapped to the normal service conductors (connec-

tion required to be on line side of the normal service discon-Exception: Where acceptable to the authority having juris-
necting means), 230.82 requires that the tapped conductorsdiction, the use of other than on-site fuels shall be permitted
be installed in accordance with all of the requirements forwhere there is a low probability of a simultaneous failure
service-entrance conductors and the conductors terminateof both the off-site fuel delivery system and power from the
in equipment suitable for use as service equipment. Theseoutside electrical utility company.
requirements help ensure that the legally required standby
system disconnecting means can safely interrupt the fault(4) Battery Power Where a storage battery is used for
current available from the utility and that the tapped conduc-control or signal power or as the means of starting the prime
tors, which do not have short-circuit and ground-fault protec-mover, it shall be suitable for the purpose and shall be
tion, are not run through the interior of a building.equipped with an automatic charging means independent of

the generator set.

(F) Fuel Cell System Fuel cell systems used as a source(5) Outdoor Generator Sets Where an outdoor housed
of power for legally required standby systems shall be ofgenerator set is equipped with a readily accessible discon-
suitable rating and capacity to supply and maintain the totalnecting means located within sight of the building or struc-
load for not less than 2 hours of full-demand operation.ture supplied, an additional disconnecting means shall not

Installation of a fuel cell system shall meet the require-be required where ungrounded conductors serve or pass
ments of Parts II through VIII of Article 692.through the building or structure.

Where a single fuel cell system serves as the normal
supply for the building or group of buildings concerned, it

The disconnecting means on the outdoor generator can be shall not serve as the sole source of power for the legally
used as the disconnecting means required in 225.31, pro- required standby system.
vided the disconnecting means is readily accessible and is

(G) Unit Equipment Individual unit equipment for legallywithin sight of the building. See the definition of the terms
required standby illumination shall consist of the following:accessible, readily, and in sight from in Article 100.

(1) A rechargeable battery
(2) A battery charging means

(C) Uninterruptible Power Supplies Uninterruptible (3) Provisions for one or more lamps mounted on the equip-
power supplies used to provide power for legally required ment and shall be permitted to have terminals for remote
standby systems shall comply with the applicable provisions lamps
of 701.11(A) and 701.11(B). (4) A relaying device arranged to energize the lamps auto-

matically upon failure of the supply to the unit equip-
(D) Separate Service Where acceptable to the authority

ment
having jurisdiction as a source of power, an additional ser-
vice shall be permitted. This service shall be in accordance The batteries shall be of suitable rating and capacity to
with the applicable provisions of Article 230, with separate supply and maintain at not less than 871⁄2 percent of the
service drop or lateral sufficiently remote electrically and nominal battery voltage for the total lamp load associated
physically from any other service to minimize the possibility with the unit for a period of at least 11⁄2 hours, or the unit
of simultaneous interruption of supply from an occurrence equipment shall supply and maintain not less than 60 percent
in another service. of the initial legally required standby illumination for a

period of at least 11⁄2 hours. Storage batteries, whether of(E) Connection Ahead of Service Disconnecting Means
the acid or alkali type, shall be designed and constructed toWhere acceptable to the authority having jurisdiction, con-
meet the requirements of emergency service.nections located ahead of and not within the same cabinet,

Unit equipment shall be permanently fixed in place (i.e.,enclosure, or vertical switchboard section as the service
not portable) and shall have all wiring to each unit installeddisconnecting means shall be permitted. The legally required
in accordance with the requirements of any of the wiringstandby service shall be sufficiently separated from the nor-
methods in Chapter 3. Flexible cord-and-plug connectionmal main service disconnecting means to prevent simultane-
shall be permitted, provided that the cord does not exceedous interruption of supply through an occurrence within the
900 mm (3 ft) in length. The branch circuit feeding the unitbuilding or groups of buildings served.
equipment shall be the same branch circuit as that serving
the normal lighting in the area and connected ahead of anyFPN: See 230.82 for equipment permitted on the supply

side of a service disconnecting means. local switches. Legally required standby luminaires (illumi-
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701.15 Article 702 — Optional Standby Systems

nation fixtures) that obtain power from a unit equipment
702.4 Equipment Approvaland are not part of the unit equipment shall be wired to the
702.5 Capacity and Ratingunit equipment by one of the wiring methods of Chapter 3.
702.6 Transfer Equipment
702.7 SignalsException: In a separate and uninterrupted area supplied
702.8 Signsby a minimum of three normal lighting circuits, a separate

(A) Standbybranch circuit for unit equipment shall be permitted if it
(B) Groundingoriginates from the same panelboard as that of the normal

II. Circuit Wiringlighting circuits and is provided with a lock-on feature.
702.9 Wiring Optional Standby Systems

III. GroundingIV. Overcurrent Protection
702.10 Portable Generator Grounding

701.15 Accessibility (A) Separately Derived System
The branch-circuit overcurrent devices in legally required (B) Nonseparately Derived System
standby circuits shall be accessible to authorized persons IV. Sources of Power
only. 702.11 Outdoor Generator Sets

701.17 Ground-Fault Protection of Equipment I. General
The alternate source for legally required standby systems

702.1 Scopeshall not be required to have ground-fault protection of
equipment. The provisions of this article apply to the installation and

operation of optional standby systems.
The systems covered by this article consist of those that701.18 Coordination

are permanently installed in their entirety, including primeLegally required standby system(s) overcurrent devices shall
movers, and those that are arranged for a connection to abe selectively coordinated with all supply side overcurrent
premises wiring system from a portable alternate powerprotective devices.
supply.

See the commentary regarding selective coordination for
Article 702 applies not only to permanently installed genera-emergency systems following 700.27.
tors and prime movers but also to portable alternate power
supplies that can be connected to an optional standby system.
For example, upon failure of an optional standby generatorARTICLE 702 at a frozen food processing plant, a vehicle-mounted genera-
tor can be brought in and connected to the plant’s optionalOptional Standby Systems
standby system, which has provisions for such a connection.

Optional standby systems are those in which failure
Summary of Changes can cause physical discomfort, serious interruption of an
• 702.6: Added exception to permit the connection of a industrial process, damage to process equipment, or disrup-

portable generator without transfer equipment under spec- tion of business.
ified conditions.

• 702.7: Added exception to indicate that signals are not
702.2 Definition

required for portable standby sources.
Optional Standby Systems. Those systems intended to

• 702.11:Added requirement for disconnecting means asso-
supply power to public or private facilities or property where

ciated with outdoor generator sets.
life safety does not depend on the performance of the system.
Optional standby systems are intended to supply on-site
generated power to selected loads either automatically or
manually.

Contents
FPN: Optional standby systems are typically installedI. General to provide an alternate source of electric power for such

702.1 Scope facilities as industrial and commercial buildings, farms,
702.2 Definition and residences and to serve loads such as heating and

refrigeration systems, data processing and communica-702.3 Application of Other Articles
tions systems, and industrial processes that, when stopped
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702.9Article 702 — Optional Standby Systems

during any power outage, could cause discomfort, serious Exception: Temporary connection of a portable generator
interruption of the process, damage to the product or without transfer equipment shall be permitted where condi-
process, or the like.

tions of maintenance and supervision ensure that only quali-
fied persons service the installation and where the normal

702.3 Application of Other Articles supply is physically isolated by a lockable disconnect means
Except as modified by this article, all applicable articles of or by disconnection of the normal supply conductors.
this Code shall apply.

This exception was added in the 2005 Code. This exception
702.4 Equipment Approval provides requirements for the connection of loads to a gener-

ator without the use of a transfer switch, where the installa-All equipment shall be approved for the intended use.
tion is under the supervision of qualified service personnel.
Such applications often occur when necessary for equipment702.5 Capacity and Rating
maintenance or breakdown or when there is an extendedAn optional standby system shall have adequate capacity
power outage. In such instances, a portable generator can beand rating for the supply of all equipment intended to be
brought to a facility and connected to the existing distributionoperated at one time. Optional standby system equipment
system. The supervision by qualified personnel is critical toshall be suitable for the maximum available fault current at
ensuring that a dangerous backfeed condition is not createdits terminals. The user of the optional standby system shall
by connecting the generator to the system without the benefitbe permitted to select the load connected to the system.
of transfer equipment.

702.6 Transfer Equipment
Transfer equipment shall be suitable for the intended use 702.7 Signals
and designed and installed so as to prevent the inadvertent

Audible and visual signal devices shall be provided, whereinterconnection of normal and alternate sources of supply
practicable, for the following purposes.in any operation of the transfer equipment. Transfer equip-

ment and electric power production systems installed to
(1) Derangement To indicate derangement of the optionalpermit operation in parallel with the normal source shall
standby source.meet the requirements of Article 705.

Transfer equipment, located on the load side of branch
(2) Carrying Load To indicate that the optional standbycircuit protection, shall be permitted to contain supplemen-
source is carrying load.tary overcurrent protection having an interrupting rating suf-

ficient for the available fault current that the generator can Exception: Signals shall not be required for portable
deliver. The supplementary overcurrent protection devices standby power sources.
shall be part of a listed transfer equipment.

Transfer equipment shall be required for all standby
702.8 Signssystems subject to the provisions of this article and for which
(A) Standby A sign shall be placed at the service-entrancean electric-utility supply is either the normal or standby
equipment that indicates the type and location of on-sitesource.
optional standby power sources. A sign shall not be required
for individual unit equipment for standby illumination.Revised for the 2002NEC, 702.6 now permits transfer equip-

ment to allow parallel operation of the generation equipment
(B) Grounding Where the grounded circuit conductor con-with the normal source as long as the requirements of Article
nected to the optional standby power source is connected705 are met. Traditional automatic transfer switches are not
to a grounding electrode conductor at a location remote fromdesigned to permit parallel operation of generation equip-
the optional standby power source, there shall be a sign atment and the normal source. Therefore, traditional automatic
the grounding location that shall identify all optional standbytransfer switches need not comply with Article 705. How-
power and normal sources connected at that location.ever, certain automatic transfer switch configurations are

intentionally designed to briefly (for a few cycles) parallel
the generation equipment with the normal source upon load II. Circuit Wiring
transfer from generator to normal source. This load transfer 702.9 Wiring Optional Standby Systems
can occur with minimal disturbance or effect on the load.

The optional standby system wiring shall be permitted toTransfer switches that employ this type of paralleling must
occupy the same raceways, cables, boxes, and cabinets withcomply with Article 705.
other general wiring.
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702.10 Article 705 — Interconnected Electric Power Production Sources

705.1 ScopeIII. Grounding
This article covers installation of one or more electric power702.10 Portable Generator Grounding
production sources operating in parallel with a primary

(A) Separately Derived System Where a portable optional source(s) of electricity.
standby source is used as a separately derived system, it

FPN: Examples of the types of primary sources are ashall be grounded to a grounding electrode in accordance
utility supply, on-site electric power source(s), or other

with 250.30. sources.

(B) Nonseparately Derived System Where a portable op-
Article 705 sets forth basic safety requirements for the instal-tional standby source is used as a nonseparately derived
lation of generators and other types of power productionsystem, the equipment grounding conductor shall be bonded
sources that are interconnected and operate in parallel asto the system grounding electrode.
distributed generation. Power sources include any systems
that produce electric power, including not only electric utility

IV. Sources of Power sources but also on-premises sources ranging from rotating
generators (see Article 445) to solar photovoltaic systems702.11 Outdoor Generator Sets
(see Article 690) to fuel cells (see Article 692).Where an outdoor housed generator set is equipped with a

Article 705 addresses the basic safety requirements spe-readily accessible disconnecting means located within sight
cifically related to parallel operation for the generators andof the building or structure supplied, an additional discon-
other power sources, the power system that interconnectsnecting means shall not be required where ungrounded con-
the power sources, and the equipment that is connectedductors serve or pass through the building or structure.
to these systems. The proper application of these systems
requires a thorough review of the entire power system.

ARTICLE 705
705.2 DefinitionInterconnected Electric Power
Interactive System. An electric power production system

Production Sources that is operating in parallel with and capable of delivering
energy to an electric primary source supply system.

Contents 705.3 Other Articles
705.1 Scope Interconnected electric power production sources shall com-
705.2 Definition ply with this article and also with the applicable requirements
705.3 Other Articles of the articles in Table 705.3.

705.10 Directory
Exception No. 1: Installation of solar photovoltaic systems705.12 Point of Connection
operated as interconnected power sources shall be in accor-(A) Integrated Electric System
dance with Article 690.(B) General

705.14 Output Characteristics Exception No. 2: Installation of fuel cell systems operated
705.16 Interrupting and Short-Circuit Current Rating as interconnected power sources shall be in accordance with
705.20 Disconnecting Means, Sources Article 692.
705.21 Disconnecting Means, Equipment

705.10 Directory705.22 Disconnect Device
705.30 Overcurrent Protection A permanent plaque or directory, denoting all electrical

(A) Generators power sources on or in the premises, shall be installed at
(B) Solar Photovoltaic Systems
(C) Transformers Table 705.3 Other Articles
(D) Fuel Cell Systems

Equipment/System Article705.32 Ground-Fault Protection
705.40 Loss of Primary Source

Generators 445705.42 Unbalanced Interconnections
Emergency systems 700705.43 Synchronous Generators Legally required standby systems 701

705.50 Grounding Optional standby systems 702
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705.14Article 705 — Interconnected Electric Power Production Sources

each service equipment location and at locations of all elec-
tric power production sources capable of being intercon-
nected.

Exception: Installations with large numbers of power pro-
duction sources shall be permitted to be designated by
groups.

705.12 Point of Connection
The outputs of electric power production systems shall be
interconnected at the premises service disconnecting means.

(A) Integrated Electric System The outputs shall be per-
mitted to be interconnected at a point or points elsewhere
on the premises where the system qualifies as an integrated
electric system and incorporates protective equipment in
accordance with all applicable sections of Article 685.

Utility
supply

Wind-driven
generator supply

Alternate point of connection

Service disconnecting means

>100 kW or >1000 V

Wind-driven generator
disconnecting means

Point of
connection

(B) General The outputs shall be permitted to be intercon-
nected at a point or points elsewhere on the premises where Exhibit 705.1 The point of interconnection located at the prem-
all of the following conditions are met: ises service disconnecting means, as required by 705.12.

(1) The aggregate of nonutility sources of electricity has a
capacity in excess of 100 kW, or the service is above
1000 volts. shall be compatible with the voltage, wave shape, and fre-

(2) The conditions of maintenance and supervision ensure quency of the system to which it is connected.
that qualified persons service and operate the system.

(3) Safeguards and protective equipment are established FPN: The term compatible does not necessarily mean
matching the primary source wave shape.and maintained.

In general, the point of interconnection must be at the prem- The level and quality of output power of interconnected
ises service disconnecting means, which may be difficult to sources must be controlled to facilitate proper operation
accomplish for systems larger than 100 kW. This requirement of the interconnected generator or other power production
is intended to prevent the indiscriminate interconnection of source and the electric system. Control of the generator or
small generators or other sources of power without proper power production source should include real power, reactive
protection against fire and electric shock. (See Exhibit power, and harmonic content of the output. Section 705.14
705.1.) It is important to use disconnect devices (switches, states that the interconnected equipment must be compatible
etc.) that are suitable for the purpose. with the electric supply system in voltage, wave shape, and

The requirement specifying ‘‘at the premises service frequency.
disconnecting means’’ permits connection ahead of the dis- The output characteristics of a rotating generator are
connect or on the load side. This practice accommodates significantly different from those of a solid-state power
the safe work practices of many utilities, which provide a source. Their compatibility with other sources and with dif-
readily accessible disconnect for distributed generation. ferent types of loads is limited in different ways. Control of the

Sections 705.12(A) and 705.12(B) recognize that gener- driver speed causes real power (kW) to flow from an induction
ators and other power sources can be safely connected else- generator. Control of the prime mover torque causes real
where on the premises system. These locations include where power (kW) to flow from a synchronous generator. Control
the premises has an integrated electrical system as set forth of voltage causes reactive power (kVAr) to flow to or from a
in Article 685, where the total generator capacity on premises synchronous generator. Induction generators have no means
is greater than 100 kW, and where the service is greater than to control reactive power (kVAr) flow and continuously draw
1000 volts. reactive power. The parallel operation of generators is a

complex balance of several variables that are design parame-
ters and therefore beyond the scope of the Code.705.14 Output Characteristics

Where either the power source or the loads have solid-
The output of a generator or other electric power production state equipment, such as inverters, uninterruptible power
source operating in parallel with an electric supply system
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705.16 Article 705 — Interconnected Electric Power Production Sources

supplies (UPS), or solid-state variable-speed drives, har- Significant magnitudes of harmonics may be inadver-
monic currents may flow in the system. (See Exhibits 705.2, tently matched to system resonance and result in the opening
705.3, and 705.4.) These multiples of the basic supply fre- of capacitor fuses, overheating of circuits, and erratic opera-
quency (usually 60 Hz) cause additional heating, which may tion of controls. The usual solution is to detune the system
require derating of generators, transformers, cables, and mo- by rearrangement or installation of reactors or both.
tors. Special generator voltage control systems are required
to avoid erratic operation or destruction of control devices.
Circuit breakers may require derating if the higher harmonics 705.16 Interrupting and Short-Circuit
become significant. Current Rating

Consideration shall be given to the contribution of fault
currents from all interconnected power sources for the inter-
rupting and short-circuit current ratings of equipment on
interactive systems.

705.20 Disconnecting Means, Sources
Means shall be provided to disconnect all ungrounded con-
ductors of an electric power production source(s) from all
other conductors.

705.21 Disconnecting Means, Equipment
Exhibit 705.2 Typical output wave shape of rotating generator Means shall be provided to disconnect equipment, such as
and system wave shape normally encountered with motor, light-

inverters or transformers associated with a power productioning, and heating loads.
source, from all ungrounded conductors of all sources of
supply. Equipment intended to be operated and maintained
as an integral part of a power production source exceeding
1000 volts shall not be required to have a disconnecting
means.

An example of equipment that is covered under the second
sentence of 705.21 is a generator designed for 4160 volts
and connected to a 13,800-volt system through a transformer.
In this example, the transformer and generator are to be
operated as a unit; therefore, a disconnecting means is not
required between the generator and the transformer. A dis-

Exhibit 705.3 Typical output wave shape with inverter source. connecting means, however, is required between the trans-
Motors and transformers will be driven by harmonic-rich voltage former and the point of connection to the power system.
and may require derating. Section 445.18 addresses the general requirements for dis-

connecting means associated with generators.

705.22 Disconnect Device
The disconnecting means for ungrounded conductors shall
consist of a manually or power operable switch(es) or circuit
breaker(s) with the following features:

(1) Located where accessible
(2) Externally operable without exposing the operator to

contact with live parts and, if power operable, of a type
that can be opened by hand in the event of a power

Exhibit 705.4 Wave shape typical of system with variable speed supply failure
drive, rectifier, elevator, and uninterruptible power to supply loads.

(3) Plainly indicating whether in the open or closed positionSource generator may require derating, and special voltage con-
(4) Having ratings not less than the load to be carried andtrol may be needed.

the fault current to be interrupted
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705.40Article 705 — Interconnected Electric Power Production Sources

Exception: Connection shall be permitted to be made to theFor disconnect equipment energized from both sides, a
marking shall be provided to indicate that all contacts of the load side of ground-fault protection, provided that there is

ground-fault protection for equipment from all ground-faultdisconnect equipment may be energized.
current sources.

FPN No. 1: In parallel generation systems, some equip-
ment, including knife blade switches and fuses, is likely
to be energized from both directions. See 240.40. Larger optional standby systems have become more sophisti-
FPN No. 2: Interconnection to an off-premises primary cated and may involve many special relays. The more com-
source could require a visibly verifiable disconnecting mon switchgear-type relays include under- and overvoltage,
device. under- and overfrequency, voltage-restrained overcurrent,

anti-motoring, loss of excitation, overtemperature, and shut-
The requirements for disconnects in 705.22 are important. down for derangement of the mechanical driver.
A disconnecting means must serve each generating source. Small generator installations cannot justify the cost of
This disconnecting means will be the service-entrance dis- switchgear-type relays. Therefore, small generator protec-
connect. Still another disconnecting means may be applied tion comprises more common devices with fewer features.
to separate the generating systems. Application guides for relay protection are available in man-

The basic requirement in 705.22 recognizes the success ufacturers’ technical literature.
of applying switches as well as circuit breakers as the discon- The requirements in Article 705 are only for protection
necting means for ungrounded conductors. Most safe work against conditions that may occur because generating
practices on the premises use these disconnect devices. sources are being operated in parallel. The installation must

The disconnect at the service entrance is required for also meet the requirements of the referenced articles to pro-
disconnecting the premises wiring system from the utility. vide the basic protection and safeguards for all equipment,
The utility safe work practices may also use this disconnect whether or not the equipment is involved with more than
device. Utility safe work practices may require a visibly one source.
verifiable disconnect device. For this reason, some utility
contracts require that a visible break be provided. The second

705.40 Loss of Primary Sourcefine print note to 705.22 brings attention to this common
utility requirement. Upon loss of primary source, an electric power production

source shall be automatically disconnected from all un-
grounded conductors of the primary source and shall not be

705.30 Overcurrent Protection reconnected until the primary source is restored.
Conductors shall be protected in accordance with Article

FPN No. 1: Risks to personnel and equipment associated240. Equipment and conductors connected to more than one
with the primary source could occur if an interactive

electrical source shall have a sufficient number of overcur- electric power production source can operate as an island.
rent devices located so as to provide protection from all Special detection methods can be required to determine
sources. that a primary source supply system outage has occurred

and whether there should be automatic disconnection.
(A) Generators Generators shall be protected in accor- When the primary source supply system is restored, spe-

cial detection methods can be required to limit exposuredance with 445.12.
of power production sources to out-of-phase reconnec-
tion.(B) Solar Photovoltaic Systems Solar photovoltaic sys-

tems shall be protected in accordance with Article 690. FPN No. 2: Induction-generating equipment on systems
with significant capacitance can become self-excited

(C) Transformers Overcurrent protection for a trans- upon loss of primary source and experience severe over-
voltage as a result.former with a source(s) on each side shall be provided in

accordance with 450.3 by considering first one side of the
transformer, then the other side of the transformer, as the When two interconnected power systems separate, they drift
primary. out of synchronism. When the utility and the interconnected

power system separate, there is a risk of damage to the
(D) Fuel Cell Systems Fuel cell systems shall be protected

system if restoration of the utility occurs out of phase. If
in accordance with Article 692.

the timing of the reconnection is random, violent electrome-
chanical stresses can destroy mechanical components such705.32 Ground-Fault Protection
as gears, couplings, and shafts and can displace coils. There-

Where ground-fault protection is used, the output of an fore, the premises wiring system or generator must be discon-
interactive system shall be connected to the supply side of nected from the primary source.
the ground-fault protection.
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705.42 Article 720 — Circuits and Equipment Operating at Less Than 50 Volts

Many technical guides are available from which to select
720.9 Batteriesappropriate protective systems and equipment for large sys-

720.10 Groundingtems. A limited choice of low-cost devices is still available
720.11 Mechanical Execution of Workfor application to small systems. Induction generators are

commonly used today. Induction generators have character-
istics quite different from those of synchronous machines. 720.1 Scope
They are more rugged because of the construction of the This article covers installations operating at less than 50
rotor, and they are less expensive because of their basic volts, direct current or alternating current.
design, availability, and type of starting and control equip-
ment. Theoretically, an induction machine can continue to 720.2 Other Articles
run on an isolated system if a large capacitor bank provides Installations operating at less than 50 volts, direct current
excitation. In reality, an induction machine will probably lose or alternating current, as covered in Articles 411, 517, 550,
stability and be shut down quickly by one of the protective 551, 552, 650, 669, 690, 725, and 760 shall not be required
devices. to comply with this article.

Article 411 covers lighting systems operating at 30 volts or705.42 Unbalanced Interconnections
less.A 3-phase electric power production source shall be automat-

ically disconnected from all ungrounded conductors of the
interconnected systems when one of the phases of that source 720.3 Hazardous (Classified) Locations
opens. This requirement shall not be applicable to an electric Installations coming within the scope of this article and
power production source providing power for an emergency installed in hazardous (classified) locations shall also comply
or legally required standby system. with the appropriate provisions of Articles 500 through 517.

705.43 Synchronous Generators
Low voltage alone does not render a circuit incapable of

Synchronous generators in a parallel system shall be pro- igniting flammable atmospheres. Ordinary flashlights using
vided with the necessary equipment to establish and maintain two 11⁄2-volt D-cell batteries can become a source of ignition
a synchronous condition. in some hazardous (classified) locations.

705.50 Grounding
720.4 ConductorsInterconnected electric power production sources shall be
Conductors shall not be smaller than 12 AWG copper orgrounded in accordance with Article 250.
equivalent. Conductors for appliance branch circuits supply-

Exception: For direct-current systems connected through ing more than one appliance or appliance receptacle shall
an inverter directly to a grounded service, other methods not be smaller than 10 AWG copper or equivalent.
that accomplish equivalent system protection and that utilize
equipment listed and identified for the use shall be permitted. 720.5 Lampholders

Standard lampholders that have a rating of not less than 660
watts shall be used.ARTICLE 720
720.6 Receptacle RatingCircuits and Equipment Operating
Receptacles shall have a rating of not less than 15 amperes.at Less Than 50 Volts
720.7 Receptacles Required

Contents Receptacles of not less than 20-ampere rating shall be pro-
vided in kitchens, laundries, and other locations where porta-720.1 Scope
ble appliances are likely to be used.720.2 Other Articles

720.3 Hazardous (Classified) Locations
720.8 Overcurrent Protection

720.4 Conductors
Overcurrent protection shall comply with Article 240.720.5 Lampholders

720.6 Receptacle Rating 720.9 Batteries
720.7 Receptacles Required

Installations of storage batteries shall comply with Article720.8 Overcurrent Protection
480.
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720.11Article 725 — Class 1, Class 2, and Class 3 Remote-Control, Signaling, and Power-Limited Circuits

720.10 Grounding
• 725.82 and 725.82(I), (J), (K): Added new text covering

Grounding shall be as provided in Article 250. nonmetallic, plenum, riser, and general-purpose signaling
raceways.

720.11 Mechanical Execution of Work • 725.82(F): Added new requirement permitting circuit in-
tegrity (CI) cable.Circuits operating at less than 50 volts shall be installed in

a neat and workmanlike manner. Cables shall be supported
by the building structure in such a manner that the cable
will not be damaged by normal building use. Contents

I. General
Section 720.11 requires cables to be installed in a manner 725.1 Scope
that is consistent with standard industry practice. 725.2 Definitions

725.3 Other Articles
(A) Number and Size of Conductors in Raceway
(B) Spread of Fire or Products of CombustionARTICLE 725
(C) Ducts, Plenums, and Other Air-Handling SpacesClass 1, Class 2, and Class 3 (D) Hazardous (Classified) Locations
(E) Cable TraysRemote-Control, Signaling, and
(F) Motor Control CircuitsPower-Limited Circuits
(G) Instrumentation Tray Cable

725.7 Access to Electrical Equipment Behind Panels
Designed to Allow AccessSummary of Changes

725.8 Mechanical Execution of Work
• 725.2: Added definition for circuit integrity (CI) cable.

725.10 Class 1, Class 2, and Class 3 Circuit
• 725.3(C): Revised to permit listed plenum signaling race- Identification

ways containing CL2P and CL3P cables for Class 2 and 725.11 Safety-Control Equipment
Class 3 circuits in other spaces used for environmental (A) Remote-Control Circuits
air. (B) Physical Protection

725.15 Class 1, Class 2, and Class 3 Circuit• 725.8: Revised requirement covering mechanical execu-
tion of work. Requirements

II. Class 1 Circuits• 725.41: Added new Exception No. 2 covering limited
725.21 Class 1 Circuit Classifications and Powerpower circuits of listed equipment as power sources for

Source RequirementsClass 2 and Class 3 circuits.
(A) Class 1 Power-Limited Circuits

• 725.56(F): Added new section prohibiting audio system
(B) Class 1 Remote-Control and Signaling Circuits

circuits described in 640.90(C), and using Class 2 and
725.23 Class 1 Circuit Overcurrent Protection

Class 3 wiring methods, in same cable or raceway as Class
725.24 Class 1 Circuit Overcurrent Device Location

2 or Class 3 circuits.
(A) Point of Supply

• 725.61(A): Revised to permit listed plenum signaling (B) Feeder Taps
raceways for CL2P and CL3P cables in other space used (C) Branch Circuit Taps
for environmental air. (D) Primary Side of Transformer

(E) Input Side of Electronic Power Source• 725.61(B)(1): Revised to include listed riser signaling
raceways under specified conditions. 725.25 Class 1 Circuit Wiring Methods

725.26 Conductors of Different Circuits in the Same• 725.61(B)(3): Revised to permit listed general-purpose
Cable, Cable Tray, Enclosure, or Racewaysignaling raceways for CL2, CL3, CL2X, and CL3X ca-

(A) Two or More Class 1 Circuitsbles.
(B) Class 1 Circuits with Power Supply Circuits

• 725.61(C): Revised to permit listed signaling raceways
725.27 Class 1 Circuit Conductors

in cable trays.
(A) Sizes and Use

• 725.61(C)(2): Revised to include intrinsically safe cir- (B) Insulation
cuits. 725.28 Number of Conductors in Cable Trays and

Raceway, and Derating• 725.61(H): Added new requirement permitting circuit in-
tegrity (CI) cable. (A) Class 1 Circuit Conductors
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725.1 Article 725 — Class 1, Class 2, and Class 3 Remote-Control, Signaling, and Power-Limited Circuits

(B) Power-Supply Conductors and Class 1 Circuit (D) Hazardous (Classified) Locations
Conductors (E) Other Wiring Within Buildings

(C) Class 1 Circuit Conductors in Cable Trays (F) Cross-Connect Arrays
725.29 Circuits Extending Beyond One Building (G) Class 2 and Class 3 Cable Substitutions

III. Class 2 and Class 3 Circuits (H) Class 2, Class 3, PLTC Circuit Integrity (CI)
725.41 Power Sources for Class 2 and Class 3 Circuits Cable or Electrical Circuit Protective System

(A) Power Source IV. Listing Requirements
(B) Interconnection of Power Sources 725.82 Listing and Marking of Class 2, Class 3, and

725.42 Circuit Marking Type PLTC Cables
725.51 Wiring Methods on Supply Side of the Class 2 (A) Types CL2P and CL3P

or Class 3 Power Source (B) Types CL2R and CL3R
725.52 Wiring Methods and Materials on Load Side of (C) Types CL2 and CL3

the Class 2 or Class 3 Power Source (D) Types CL2X and CL3X
(A) Class 1 Wiring Methods and Materials (E) Type PLTC
(B) Class 2 and Class 3 Wiring Methods (F) Circuit Integrity (CI) Cable or Electrical Circuit

725.54 Installation of Conductors and Equipment in Protective System
Cables, Compartments, Cable Trays, Enclo- (G) Class 2 and Class 3 Cable Voltage Ratings
sures, Manholes, Outlet Boxes, Device Boxes, (H) Class 3 Single Conductors
and Raceways for Class 2 and Class 3 Circuits (I) Plenum Signaling Raceways

725.55 Separation from Electric Light, Power, Class 1, (J) Riser Signaling Raceways
Non–Power-Limited Fire Alarm Circuit Con- (K) General-Purpose Signaling Raceways
ductors, and Medium Power Network-Powered (L) Marking
Broadband Communications Cables

(A) General
(B) Separated by Barriers I. General
(C) Raceways Within Enclosures

725.1 Scope(D) Associated Systems Within Enclosures
This article covers remote-control, signaling, and power-(E) Enclosures with Single Opening
limited circuits that are not an integral part of a device or(F) Manholes

(G) Closed-Loop and Programmed Power appliance.
Distribution

FPN: The circuits described herein are characterized by(H) Cable Trays
usage and electrical power limitations that differentiate

(I) In Hoistways them from electric light and power circuits; therefore,
(J) Other Applications alternative requirements to those of Chapters 1 through

725.56 Installation of Conductors of Different Circuits 4 are given with regard to minimum wire sizes, derating
factors, overcurrent protection, insulation requirements,in the Same Cable, Enclosure, or Raceway
and wiring methods and materials.(A) Two or More Class 2 Circuits

(B) Two or More Class 3 Circuits
The scope of Article 725 may include such systems as bur-(C) Class 2 Circuits with Class 3 Circuits

(D) Class 2 and Class 3 Circuits with Communica- glar alarm circuits (see Exhibit 725.1), access control cir-
tions Circuits cuits, sound circuits, nurse call circuits, intercom circuits,

(E) Class 2 or Class 3 Cables with Other Circuit some computer network systems, some control circuits for
Cables lighting dimmer systems, and some low-voltage control cir-

(F) Class 2 or Class 3 Conductors or Cables and cuits that originate from listed appliances or from listed
Audio System Circuits computer equipment. Article 760 covers fire alarm circuits

725.57 Installation of Circuit Conductors Extending and systems. Article 800 covers communications circuits.
Beyond One Building Article 830 covers network-powered broadband communica-

725.58 Support of Conductors tions circuits.
725.61 Applications of Listed Class 2, Class 3, and The installation requirements for the low-voltage wiring

PLTC Cables of information technology equipment (electronic data proc-
(A) Plenums essing and computer equipment) located within the confines
(B) Riser of a room that is constructed according to the requirements
(C) Cable Trays of NFPA 75, Standard for the Protection of Information
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725.2Article 725 — Class 1, Class 2, and Class 3 Remote-Control, Signaling, and Power-Limited Circuits

for the exact requirements for adjustment factors affect-
ing ampacity.)

Class 1 remote-control circuits are commonly used to
operate motor controllers in conjunction with moving equip-
ment or mechanical processes, elevators, conveyors, and
other such equipment. Class 1 remote-control circuits may
also be used as shunt trip circuits for circuit breakers. Class
1 signaling circuits often operate at 120 volts but are not
limited to this value.

Conductors and equipment on the supply side of over-
current protection, transformers, or current-limiting devices
of Class 2 and Class 3 circuits must be installed according
to the applicable requirements of Chapter 3. Load-side con-
ductors and equipment must comply with Article 725. Class
2 and Class 3 conductors are required to be separated from
and not occupy the same raceways, cable trays, cables, orExhibit 725.1 Typical burglar alarm system keypad. (Courtesy
enclosures as electric light, power, and Class 1 conductors,of NAPCO Security Systems, Inc.)
except as noted in 725.55.

Dry-cell batteries are considered Class 2 power supplies,Technology Equipment, are not covered by Article 725. Low-
provided the voltage is 30 volts or less and the capacity isvoltage wiring within these specially constructed rooms is
equal to or less than that available from series-connected No.covered in Article 645.
6 carbon-zinc cells. (A No. 6 dry-cell battery is cylindricallyAlso, if listed computer equipment is interconnected
shaped with nominal dimensions of 21⁄2 in. in diameter byand all the interconnected equipment is in close proximity,
6 in. tall and weighing just over 2 lb. A No. 6 dry-cellthe wiring is considered an integral part of the equipment
battery is about 10 times the volume of the standard D-celland therefore not subject to the requirements of Article 725.
battery commonly used in flashlights.)If the wiring leaves the group of equipment to connect to

Circuits originating from thermocouples are classifiedother devices in the same room or elsewhere in the building,
Class 2 circuits. Neither dry-cell batteries nor thermocouplesthe wiring is considered ‘‘wiring within buildings’’ and is
are required to be listed.subject to the requirements of Article 725.

General Discussion of Remote-Control,
Signaling, and Power-Limited Circuits 725.2 Definitions
The wiring methods required by Chapters 1 through 4 of Abandoned Class 2, Class 3, and PLTC Cable. Installed

Class 2, Class 3, and PLTC cable that is not terminated atthe Code apply to remote-control, signaling, and power-
limited circuits, except as amended by Article 725 for speci- equipment and not identified for future use with a tag.
fied conditions.

A remote-control, signaling, or power-limited circuit is This definition is for use with 725.3(B), which requires
the portion of the wiring system between the load side of removal of accessible abandoned Class 2, Class 3, and PLTC
the overcurrent device or the power-limited supply and all cables. Abandoned cable increases fire loading unnecessar-
connected equipment. The circuit is categorized as Class 1, ily, and, where installed in plenums, it can affect airflow.
Class 2, or Class 3. Similar requirements can be found in Articles 640, 645, 725,

Class 1 circuits are not permitted to exceed 600 volts. 760, 770, 820, and 830.
In many cases, Class 1 circuits are extensions of power
systems and are subject to the requirements of the power
systems, except under the following conditions: Circuit Integrity (CI) Cable. Cable(s) used for remote

control, signaling, or power-limited systems that supply criti-1. Conductors sized 16 AWG and 18 AWG may be used
cal circuits to ensure survivability for continued circuit oper-if properly protected against overcurrent (see 725.23).
ation for a specified time under fire conditions.2. Where damage to the circuit would introduce a hazard,

the circuit must be mechanically protected by a suitable
means. [See 725.11(B).] This definition is for use with 725.61(H) and 725.82(F),

which permits circuit integrity (CI) cables to be used for3. The adjustment factors of 310.15(B)(2) apply only if
such conductors carry a continuous load. (See 725.28 remote control, signaling, or power-limited systems that sup-
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725.3 Article 725 — Class 1, Class 2, and Class 3 Remote-Control, Signaling, and Power-Limited Circuits

(E) Cable Trays Article 392, where installed in cable tray.ply critical circuits where survivability of the critical system
functions under fire conditions is needed. Such cables are

(F) Motor Control Circuits Article 430, Part VI, wherelikely to be used in systems that are critical to life safety,
tapped from the load side of the motor branch-circuit protec-property protection, or emergency management.
tive device(s) as specified in 430.72(A).

(G) Instrumentation Tray Cable See Article 727.
Class 1 Circuit. The portion of the wiring system between
the load side of the overcurrent device or power-limited 725.7 Access to Electrical Equipment Behind
supply and the connected equipment. The voltage and power

Panels Designed to Allow Access
limitations of the source are in accordance with 725.21.

Access to electrical equipment shall not be denied by an
Class 2 Circuit. The portion of the wiring system between accumulation of wires and cables that prevents removal of
the load side of a Class 2 power source and the connected panels, including suspended ceiling panels.
equipment. Due to its power limitations, a Class 2 circuit
considers safety from a fire initiation standpoint and provides The excess accumulation of wires and cables can limit access
acceptable protection from electric shock. to electrical equipment by preventing the removal of access

panels. To service, rearrange, or install electrical equipment,Class 3 Circuit. The portion of the wiring system between
the worker must have an accessible work space for workingthe load side of a Class 3 power source and the connected
safely on energized equipment. See 300.11(A), which per-equipment. Due to its power limitations, a Class 3 circuit
mits the use of support wires and approved fittings that areconsiders safety from a fire initiation standpoint. Since
independent of the suspended ceiling support wires. (Seehigher levels of voltage and current than for Class 2 are
Exhibit 725.2; also see 725.8.)permitted, additional safeguards are specified to provide

protection from an electric shock hazard that could be en-
countered.

725.3 Other Articles
Circuits and equipment shall comply with the articles or
sections listed in 725.3(A) through 725.3(G). Only those
sections of Article 300 referenced in this article shall apply
to Class 1, Class 2, and Class 3 circuits.

(A) Number and Size of Conductors in Raceway Section
300.17.

(B) Spread of Fire or Products of Combustion Section
300.21. The accessible portion of abandoned Class 2, Class
3, and PLTC cables shall be removed.

(C) Ducts, Plenums, and Other Air-Handling Spaces
Class 1, Class 2, and Class 3 circuits installed in ducts,
plenums, or other space used for environmental air shall
comply with 300.22. Type CL2P or CL3P cables and plenum
signaling raceways shall be permitted for Class 2 and Class

Hung ceiling
cavity

Hung ceiling
cavity

Permitted Method

Method Not Permitted

Signal or
telephone
cables

Signal or
telephone 
cables

3 circuits installed in other spaces used for environmental
air. Exhibit 725.2 Incorrect installation of wires and cables (upper

diagram), which can prevent access to equipment or cables.
Correct method is shown in the lower diagram.See the commentary following 300.22(B), 300.22(C), and

725.82(A), FPN for more information on wiring in ducts,
plenums, and other air-handling spaces.

725.8 Mechanical Execution of Work
Class 1, Class 2, and Class 3 circuits shall be installed in a

(D) Hazardous (Classified) Locations Articles 500 neat and workmanlike manner. Cables and conductors in-
stalled exposed on the surface of ceilings and sidewalls shallthrough 516 and Article 517, Part IV, where installed in

hazardous (classified) locations. be supported by the building structure in such a manner that
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725.21Article 725 — Class 1, Class 2, and Class 3 Remote-Control, Signaling, and Power-Limited Circuits

725.3.) This is an example of a direct link between failurethe cable will not be damaged by normal building use. Such
cables shall be supported by straps, staples, hangers, or and the initiation of a hazard, that is, where the failure of

the equipment itself causes the hazard.similar fittings designed and installed so as not to damage
the cable. The installation shall also conform with 300.4(D). Generally, fire alarm systems and nurse call systems do

not fit this category. These systems do not have a direct link
to the initiation of fire or the initiation of a life hazard but,The requirement in 725.8 makes it clear that the Code re-
rather, serve as the reporting or warning link of a hazardquires cables to be installed in a neat and workmanlike
initiated by some other (indirect) cause.manner. This section provides definitive requirements for

workmanship. Cable must be attached to or supported by
the structure by straps, clamps, hangers, and the like. The
installation method must not damage the cable. In addition,
the location of the cable should be carefully evaluated to
ensure that activities and processes within the building do
not cause damage to the cable. (See Exhibit 725.2 and
725.58.) The reference to 300.4(D) calls attention to the
hazards to which cables are exposed where they are installed
on framing members. Such cables are required to be installed
in a manner that protects them from nail or screw penetration.
In the 2005 Code, this section was changed to permit attach-
ment to baseboards and non–load bearing walls, which are
not structural components.

725.10 Class 1, Class 2, and Class 3
Circuit Identification
Class 1, Class 2, and Class 3 circuits shall be identified at
terminal and junction locations, in a manner that prevents

Low-water cutoff switch,
pressure switch, high-limit
switch, etc.

Power
supply
(120 V)

Thermal
safety control

Thermostat

Master
relay

control

Class 2,
24-V circuit

One or more
manual safety
switches

Oil
burner

unit Ignition

Oil  burner
motor

unintentional interference with other circuits during testing
and servicing.

Exhibit 725.3 Typical installation of an automatic oil burner unit
for a boiler employing a safety shutdown circuit, according to the

725.11 Safety-Control Equipment requirements of 725.11.

(A) Remote-Control Circuits Remote-control circuits for
safety-control equipment shall be classified as Class 1 if the 725.15 Class 1, Class 2, and Class 3
failure of the equipment to operate introduces a direct fire or Circuit Requirements
life hazard. Room thermostats, water temperature regulating

A remote-control, signaling, or power-limited circuit shalldevices, and similar controls used in conjunction with electri-
comply with the following parts of this article:cally controlled household heating and air conditioning shall
(1) Class 1 Circuits: Parts I and IInot be considered safety-control equipment.
(2) Class 2 and Class 3 Circuits: Parts I and III

(B) Physical Protection Where damage to remote-control
II. Class 1 Circuitscircuits of safety control equipment would introduce a haz-

ard, as covered in 725.11(A), all conductors of such remote- 725.21 Class 1 Circuit Classifications and Power
control circuits shall be installed in rigid metal conduit, Source Requirements
intermediate metal conduit, rigid nonmetallic conduit, elec-

Class 1 circuits shall be classified as either Class 1 power-trical metallic tubing, Type MI cable, Type MC cable, or be
limited circuits where they comply with the power limita-otherwise suitably protected from physical damage.
tions of 725.21(A) or as Class 1 remote-control and signaling
circuits where they are used for remote-control or signaling

The remote-control circuits to safety-control devices may purposes and comply with the power limitations of
be required to be classified as Class 1 if failure of the safety- 725.21(B).
control circuit could cause a direct fire or life hazard. One

(A) Class 1 Power-Limited Circuits These circuits shallexample of a direct fire hazard could be a boiler explosion
be supplied from a source that has a rated output of notcaused by failure of the low-water cutoff circuit. (See Exhibit
more than 30 volts and 1000 volt-amperes.
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725.23 Article 725 — Class 1, Class 2, and Class 3 Remote-Control, Signaling, and Power-Limited Circuits

(1) Class 1 Transformers Transformers used to supply amperes for 18 AWG conductors and 10 amperes for 16
AWG.power-limited Class 1 circuits shall comply with the applica-

ble sections within Parts I and II of Article 450.
Exception: Where other articles of this Code permit or re-
quire other overcurrent protection.(2) Other Class 1 Power Sources Power sources other

than transformers shall be protected by overcurrent devices FPN: For example, see 430.72 for motors, 610.53 for
rated at not more than 167 percent of the volt-ampere rating cranes and hoists, and 517.74(B) and 660.9 for X-ray

equipment.of the source divided by the rated voltage. The overcurrent
devices shall not be interchangeable with overcurrent de-

725.24 Class 1 Circuit Overcurrentvices of higher ratings. The overcurrent device shall be
Device Locationpermitted to be an integral part of the power supply.

To comply with the 1000 volt-ampere limitation of Overcurrent devices shall be located as specified in
725.21(A), the maximum output (VAmax) of power sources 725.24(A), (B), (C), (D), or (E).
other than transformers shall be limited to 2500 volt-

(A) Point of Supply Overcurrent devices shall be locatedamperes, and the product of the maximum current (Imax)
at the point where the conductor to be protected receives itsand maximum voltage (Vmax) shall not exceed 10,000 volt-
supply.amperes. These ratings shall be determined with any overcur-

rent-protective device bypassed.
(B) Feeder Taps Class 1 circuit conductors shall be permit-VAmax is the maximum volt-ampere output after one
ted to be tapped, without overcurrent protection at the tap,minute of operation regardless of load and with overcurrent
where the overcurrent device protecting the circuit conductorprotection bypassed, if used. Current-limiting impedance
is sized to protect the tap conductor.shall not be bypassed when determining VAmax.

Imax is the maximum output current under any noncapac- (C) Branch Circuit Taps Class 1 circuit conductors 14
itive load, including short circuit, and with overcurrent pro- AWG and larger that are tapped from the load side of the
tection bypassed, if used. Current-limiting impedance should overcurrent-protective device(s) of a controlled light and
not be bypassed when determining Imax. Where a current- power circuit shall require only short-circuit and ground-
limiting impedance, listed for the purpose or as part of a fault protection and shall be permitted to be protected by
listed product, is used in combination with a stored energy the branch-circuit overcurrent protective device(s) where the
source, for example, storage battery, to limit the output cur- rating of the protective device(s) is not more than 300 percent
rent, Imax limits apply after 5 seconds. of the ampacity of the Class 1 circuit conductor.

Vmax is the maximum output voltage regardless of load
with rated input applied.

Section 725.24(C) correlates with 240.4(G).

(B) Class 1 Remote-Control and Signaling Circuits
These circuits shall not exceed 600 volts. The power output (D) Primary Side of Transformer Class 1 circuit conduc-
of the source shall not be required to be limited. tors supplied by the secondary of a single-phase transformer

having only a 2-wire (single-voltage) secondary shall be
Often, remote-control and signaling circuits that do not meet permitted to be protected by overcurrent protection provided
the requirements of Class 2 or Class 3 circuits are classified on the primary side of the transformer, provided this protec-
Class 1 circuits by default. For example, a listed nurse call tion is in accordance with 450.3 and does not exceed the
system may contain a power supply with an output of 500 value determined by multiplying the secondary conductor
watts at 24 volts. Because this power supply obviously ex- ampacity by the secondary-to-primary transformer voltage
ceeds the maximum permitted output of a Class 2 power ratio. Transformer secondary conductors other than 2 wire
supply and the output terminals are not marked to indicate shall not be considered to be protected by the primary over-
the equipment as suitable for a Class 2 power supply, the current protection.
output circuit wiring is classified as Class 1 and subject to
all the Class 1 circuit requirements. Section 725.24(D) correlates with 240.4(F) and 430.72(B),

Exception No. 2.

725.23 Class 1 Circuit Overcurrent Protection
(E) Input Side of Electronic Power Source Class 1 circuitOvercurrent protection for conductors 14 AWG and larger

shall be provided in accordance with the conductor ampacity, conductors supplied by the output of a single-phase, listed
electronic power source, other than a transformer, havingwithout applying the derating factors of 310.15 to the ampac-

ity calculation. Overcurrent protection shall not exceed 7 only a 2-wire (single voltage) output for connection to Class
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725.27Article 725 — Class 1, Class 2, and Class 3 Remote-Control, Signaling, and Power-Limited Circuits

(1) The power-supply or Class 1 circuit conductors are in1 circuits shall be permitted to be protected by overcurrent
protection provided on the input side of the electronic power a metal-enclosed cable or Type UF cable.

(2) The conductors are permanently separated from thesource, provided this protection does not exceed the value
determined by multiplying the Class 1 circuit conductor power-supply conductors by a continuous firmly fixed

nonconductor, such as flexible tubing, in addition to theampacity by the output-to-input voltage ratio. Electronic
power source outputs, other than 2 wire (single voltage), insulation on the wire.

(3) The conductors are permanently and effectively sepa-shall not be considered to be protected by the primary over-
current protection. rated from the power supply conductors and securely

fastened to racks, insulators, or other approved supports.

Electronic power supplies that do not supply energy directly
through the use of transformers are now covered by Section 725.26(B)(3) permits Class 1 power-limited circuit

conductors to be installed in manholes with wiring of725.24(E), which permits overcurrent protection for the
Class 1 circuit conductors to be installed on the input side non–power-limited systems where suitable separation pro-

vides the same degree of protection as required for the fol-of the power source rather than the output side.
lowing:

1. Class 2 and Class 3 power-limited circuits in 725.55725.25 Class 1 Circuit Wiring Methods
2. Communications circuits in 800.133(A)Class 1 circuits shall be installed in accordance with Part I of
3. Radio/television antennas and lead-in conductors inArticle 300 and with the wiring methods from the appropriate

810.18articles in Chapter 3.
4. CATV conductors in 820.133(A)

Exception No. 1: The provisions of 725.26 through 725.28
shall be permitted to apply in installations of Class 1 circuits.

(4) In Cable Trays In cable trays, where the Class 1 circuitException No. 2: Methods permitted or required by other
conductors and power-supply conductors not functionallyarticles of this Code shall apply to installations of Class 1
associated with them are separated by a solid fixed barriercircuits.
of a material compatible with the cable tray, or where the
power-supply or Class 1 circuit conductors are in a metal-725.26 Conductors of Different Circuits in the
enclosed cable.Same Cable, Cable Tray, Enclosure, or Raceway

Class 1 circuits shall be permitted to be installed with other 725.27 Class 1 Circuit Conductors
circuits as specified in 725.26(A) and 725.26(B).

(A) Sizes and Use Conductors of sizes 18 AWG and 16
(A) Two or More Class 1 Circuits Class 1 circuits shall AWG shall be permitted to be used, provided they supply
be permitted to occupy the same cable, cable tray, enclosure, loads that do not exceed the ampacities given in 402.5 and
or raceway without regard to whether the individual circuits are installed in a raceway, an approved enclosure, or a listed
are alternating current or direct current, provided all conduc- cable. Conductors larger than 16 AWG shall not supply loads
tors are insulated for the maximum voltage of any conductor greater than the ampacities given in 310.15. Flexible cords
in the cable, cable tray, enclosure, or raceway. shall comply with Article 400.

(B) Class 1 Circuits with Power Supply Circuits Class (B) Insulation Insulation on conductors shall be suitable
1 circuits shall be permitted to be installed with power supply for 600 volts. Conductors larger than 16 AWG shall comply
conductors as specified in 725.26(B)(1) through (B)(4). with Article 310. Conductors in sizes 18 AWG and 16 AWG

shall be Type FFH-2, KF-2, KFF-2, PAF, PAFF, PF, PFF,
(1) In a Cable, Enclosure, or Raceway Class 1 circuits PGF, PGFF, PTF, PTFF, RFH-2, RFHH-2, RFHH-3, SF-2,
and power supply circuits shall be permitted to occupy the SFF-2, TF, TFF, TFFN, TFN, ZF, or ZFF. Conductors with
same cable, enclosure, or raceway only where the equipment other types and thicknesses of insulation shall be permitted
powered is functionally associated. if listed for Class 1 circuit use.

(2) In Factory- or Field-Assembled Control Centers
Section 725.27 requires all Class 1 circuit conductors to beClass 1 circuits and power supply circuits shall be permitted
rated at 600 volts. This effectively requires Class 1 circuitsto be installed in factory- or field-assembled control centers.
to be wired using the wiring methods found in Chapter 3

(3) In aManhole Class 1 circuits and power supply circuits or the use of conductors specifically listed for Class 1 circuit
shall be permitted to be installed as underground conductors use.
in a manhole in accordance with one of the following:
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725.28 Article 725 — Class 1, Class 2, and Class 3 Remote-Control, Signaling, and Power-Limited Circuits

725.28 Number of Conductors in Cable Trays
and Raceway, and Derating
(A) Class 1 Circuit Conductors Where only Class 1 cir-
cuit conductors are in a raceway, the number of conductors
shall be determined in accordance with 300.17. The derating
factors given in 310.15(B)(2)(a) shall apply only if such
conductors carry continuous loads in excess of 10 percent
of the ampacity of each conductor.

(B) Power-Supply Conductors and Class 1 Circuit Con-
ductors Where power-supply conductors and Class 1 circuit
conductors are permitted in a raceway in accordance with

Supply 
(0 to 600

volts
ac or dc)

Power source—
725.41(A)(1)

through (A)(4)

Power source—
725.41(A)(1)

through (A)(4)

Power source—
725.41(A)(1)

through (A)(4)

Class 2 or 
Class 3 circuit—
725.54 through 

725.82

Class 2 or 
Class 3 circuit—
725.54 through 

725.82

Class 2 or 
Class 3 circuit—
725.54 through 

725.82
725.51 725.52

Part III of Article 725
725.26, the number of conductors shall be determined in
accordance with 300.17. The derating factors given in

Figure 725.41 Class 2 and Class 3 Circuits.310.15(B)(2)(a) shall apply as follows:

(1) To all conductors where the Class 1 circuit conductors
carry continuous loads in excess of 10 percent of the Exception No. 2: Limited power circuits of listed equipment
ampacity of each conductor and where the total number where these circuits have energy levels rated at or below
of conductors is more than three the limits established in Chapter 9, Tables 11(A) and 11(B).

(2) To the power-supply conductors only, where the Class
FPN: Examples of other listed equipment are as follows:

1 circuit conductors do not carry continuous loads in
(1) A circuit card listed for use as a Class 2 or Class 3excess of 10 percent of the ampacity of each conductor

power source where used as part of a listed assemblyand where the number of power-supply conductors is
(2) A current-limiting impedance, listed for the purpose,

more than three or part of a listed product, used in conjunction with
a non–power-limited transformer or a stored energy

(C) Class 1 Circuit Conductors in Cable Trays Where source, for example, storage battery, to limit the out-
put currentClass 1 circuit conductors are installed in cable trays, they

(3) A thermocoupleshall comply with the provisions of 392.9 through 392.11.
(4) Limited voltage/current or limited impedance sec-

ondary communications circuits of listed industrial
725.29 Circuits Extending Beyond One Building control equipment

Class 1 circuits that extend aerially beyond one building (4) Listed information technology (computer) equipment
shall also meet the requirements of Article 225. limited power circuits.

FPN: One way to determine applicable requirements forIII. Class 2 and Class 3 Circuits
listing of information technology (computer) equipment
is to refer to UL 1950-1995, Standard for Safety of Infor-725.41 Power Sources for Class 2 and
mation Technology Equipment, Including Electrical Busi-Class 3 Circuits
ness Equipment. Typically such circuits are used to

(A) Power Source The power source for a Class 2 or a interconnect information technology equipment for the
purpose of exchanging information (data).Class 3 circuit shall be as specified in 725.41(A)(1), (A)(2),

(A)(3), (A)(4), or (A)(5): (5) A dry cell battery shall be considered an inherently
limited Class 2 power source, provided the voltage isFPN No. 1: Figure 725.41 illustrates the relationships

between Class 2 or Class 3 power sources, their supply, 30 volts or less and the capacity is equal to or less than
and the Class 2 or Class 3 circuits. that available from series connected No. 6 carbon zinc
FPN No. 2: Tables 11(A) and 11(B) in Chapter 9 provide cells.
the requirements for listed Class 2 and Class 3 power
sources. (B) Interconnection of Power Sources Class 2 or Class 3

power sources shall not have the output connections paral-(1) A listed Class 2 or Class 3 transformer
leled or otherwise interconnected unless listed for such inter-(2) A listed Class 2 or Class 3 power supply
connection.(3) Other listed equipment marked to identify the Class 2

or Class 3 power source
Except for dry-cell batteries and thermocouples, 725.41(B)

Exception No. 1: Thermocouples shall not require listing requires listed power sources for Class 2 and Class 3 circuits.
as a Class 2 power source.
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725.55Article 725 — Class 1, Class 2, and Class 3 Remote-Control, Signaling, and Power-Limited Circuits

3 circuits, regardless of the continued connection to a725.42 Circuit Marking
Class 2 or Class 3 power source.

The equipment supplying the circuits shall be durably
(B) Class 2 and Class 3 Wiring Methods Conductors onmarked where plainly visible to indicate each circuit that is
the load side of the power source shall be insulated at nota Class 2 or Class 3 circuit.
less than the requirements of 725.82 and shall be installed
in accordance with 725.54 and 725.61.Section 725.42 requires equipment to be marked to clearly

identify Class 2 and Class 3 circuits. This section was revised Exception No. 1: As provided for in 620.21 for elevators
for the 2005 Code to clarify that the marking is on the and similar equipment.
equipment where the circuits originate, rather than on the Exception No. 2: Other wiring methods and materials in-
individual raceways, cables, and fittings. stalled in accordance with the requirements of 725.3 shall

be permitted to extend or replace the conductors and cables
described in 725.82 and permitted by 725.52(B).

725.51 Wiring Methods on Supply Side of the
Class 2 or Class 3 Power Source

Section 725.52 permits the following two distinct wiring
Conductors and equipment on the supply side of the power methods for circuits connected to Class 2 or Class 3 power
source shall be installed in accordance with the appropriate sources:
requirements of Chapters 1 through 4. Transformers or other

• Class 1 wiring methodsdevices supplied from electric light or power circuits shall
• Class 2 and Class 3 wiring methodsbe protected by an overcurrent device rated not over 20

amperes. Where it is necessary to locate Class 2 or Class 3 circuits
inside the same cable or raceway as a Class 1 circuit,
725.52(A), Exception No. 2, permits a Class 2 or Class 3Listed Class 2 and Class 3 transformers must be protected
circuit to be reclassified and installed as Class 1, providingby an overcurrent device not exceeding 20 amperes, unless
that the Class 2 or Class 3 marking is removed, that overcur-the transformers are fed from circuits other than power or
rent protection is provided in accordance with 725.23, andlighting.
that the reclassified circuit maintains separation from other
Class 2 and Class 3 circuits in accordance with 725.55.

Exception: The input leads of a transformer or other power
source supplying Class 2 andClass 3 circuits shall be permit- 725.54 Installation of Conductors and
ted to be smaller than 14 AWG, but not smaller than 18 Equipment in Cables, Compartments, Cable
AWG if they are not over 12 in. (305 mm) long and if they Trays, Enclosures, Manholes, Outlet Boxes,
have insulation that complies with 725.27(B).

Device Boxes, and Raceways for Class 2 and
Class 3 Circuits725.52 Wiring Methods and Materials on Load
Conductors and equipment for Class 2 and Class 3 circuitsSide of the Class 2 or Class 3 Power Source
shall be installed in accordance with 725.55 through 725.58.Class 2 and Class 3 circuits on the load side of the power

source shall be permitted to be installed using wiring meth- 725.55 Separation from Electric Light, Power,
ods and materials in accordance with either 725.52(A) or Class 1, Non–Power-Limited Fire Alarm Circuit
725.52(B). Conductors, and Medium Power Network-

Powered Broadband Communications Cables(A) Class 1 Wiring Methods and Materials Installation
shall be in accordance with 725.25. (A) General Cables and conductors of Class 2 and Class

3 circuits shall not be placed in any cable, cable tray, com-Exception No. 1: The derating factors given in
partment, enclosure, manhole, outlet box, device box, race-310.15(B)(2)(a) shall not apply.
way, or similar fitting with conductors of electric light,

Exception No. 2: Class 2 and Class 3 circuits shall be power, Class 1, non–power-limited fire alarm circuits, and
permitted to be reclassified and installed as Class 1 circuits medium power network-powered broadband communica-
if the Class 2 and Class 3 markings required in 725.42 are tions circuits unless permitted by 725.55(B) through
eliminated and the entire circuit is installed using the wiring 725.55(J).
methods and materials in accordance with Part II, Class 1
circuits.

Section 725.55(A) specifically includes cables of Class 2
FPN: Class 2 and Class 3 circuits reclassified and in- and Class 3 circuits. Jackets of listed Class 2 and Class 3
stalled as Class 1 circuits are no longer Class 2 or Class
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725.55 Article 725 — Class 1, Class 2, and Class 3 Remote-Control, Signaling, and Power-Limited Circuits

cables do not have sufficient construction specifications to Where Class 2 and Class 3 circuit conductors must enter an
enclosure that is provided with a single opening, they shallpermit them to be installed with electric light, power, Class

1, non–power-limited fire alarm circuits, and medium power be permitted to enter through a single fitting (such as a tee),
provided the conductors are separated from the conductorsnetwork-powered broadband communications cables. Fail-

ure of the cable insulation due to a fault could lead to of the other circuits by a continuous and firmly fixed noncon-
ductor, such as flexible tubing.hazardous voltages being imposed on the Class 2 or Class

3 circuit conductors.

Power circuit and Class 2 circuit conductors can be permitted
in the same motor-starter enclosure, where the Class 2 circuit

(B) Separated by Barriers Class 2 and Class 3 circuits source is the secondary of a control transformer in the same
shall be permitted to be installed together with the conductors motor-starter enclosure. In such an installation, the Class 2
of electric light, power, Class 1, non–power-limited fire conductor insulation is not required to have the same voltage
alarm and medium power network-powered broadband com- rating as the insulation on the power conductors in the same
munications circuits where they are separated by a barrier. enclosure.

(C) Raceways Within Enclosures In enclosures, Class 2
(F) Manholes Underground Class 2 and Class 3 circuitand Class 3 circuits shall be permitted to be installed in a
conductors in a manhole shall be permitted to be installedraceway to separate them from Class 1, non–power-limited
with Class 1, non–power-limited fire alarm and mediumfire alarm and medium power network-powered broadband
power network-powered broadband communications circuitscommunications circuits.
where one of the following conditions is met:

(D) Associated Systems Within Enclosures Class 2 and (1) The electric light, power, Class 1, non–power-limited
Class 3 circuit conductors in compartments, enclosures, de- fire alarm and medium power network-powered broad-
vice boxes, outlet boxes, or similar fittings shall be permitted band communications circuit conductors are in a metal-
to be installed with electric light, power, Class 1, non–power- enclosed cable or Type UF cable.
limited fire alarm, and medium power network-powered (2) The Class 2 and Class 3 circuit conductors are perma-
broadband communications circuits where they are intro- nently and effectively separated from the conductors of
duced solely to connect the equipment connected to Class other circuits by a continuous and firmly fixed noncon-
2 and Class 3 circuits, and where (1) or (2) applies: ductor, such as flexible tubing, in addition to the insula-

tion or covering on the wire.(1) The electric light, power, Class 1, non–power-limited
(3) The Class 2 and Class 3 circuit conductors are perma-fire alarm, and medium power network-powered broad-

nently and effectively separated from conductors of theband communications circuit conductors are routed to
other circuits and securely fastened to racks, insulators,maintain a minimum of 6 mm (0.25 in.) separation from
or other approved supports.the conductors and cables of Class 2 and Class 3 circuits.

(2) The circuit conductors operate at 150 volts or less to
Section 725.55(F) permits the installation of Class 2 andground and also comply with one of the following:
Class 3 power-limited circuit conductors in manholes thata. The Class 2 and Class 3 circuits are installed using
have wiring for electric light, power, Class 1, andType CL3, CL3R, or CL3P or permitted substitute
non–power-limited fire alarm circuit systems, and from me-cables, provided these Class 3 cable conductors ex-
dium power network-powered broadband communicationstending beyond the jacket are separated by a mini-
cables where suitable separation provides the same degreemum of 6 mm (0.25 in.) or by a nonconductive sleeve
of protection as required in 725.55(A). [See the commentaryor nonconductive barrier from all other conductors.
following 725.26(B)(3).]b. The Class 2 and Class 3 circuit conductors are in-

stalled as a Class 1 circuit in accordance with 725.21.

(G) Closed-Loop and Programmed Power Distribution
(E) Enclosures with Single Opening Class 2 and Class 3 Class 2 and Class 3 conductors shall be permitted to be
circuit conductors entering compartments, enclosures, de- installed in accordance with 780.6.
vice boxes, outlet boxes, or similar fittings shall be permitted
to be installed with Class 1, non–power-limited fire alarm (H) Cable Trays Class 2 and Class 3 circuit conductors

shall be permitted to be installed in cable trays, where theand medium power network-powered broadband communi-
cations circuits where they are introduced solely to connect conductors of the electric light, Class 1, and non–powerlim-

ited fire alarm circuits are separated by a solid fixedthe equipment connected to Class 2 and Class 3 circuits.
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725.56Article 725 — Class 1, Class 2, and Class 3 Remote-Control, Signaling, and Power-Limited Circuits

barrier of a material compatible with the cable tray or where 3 circuits, provided that the insulation of the Class 2 circuit
conductors in the cable, enclosure, or raceway is at leastthe Class 2 or Class 3 circuits are installed in Type MC

cable. that required for Class 3 circuits.

(D) Class 2 and Class 3 Circuits with
Section 725.55(H) permits the mixing of circuits in some Communications Circuits
cable tray applications where a physical barrier within the

(1) Classified as Communications Circuits Class 2 andtray provides the necessary separation, without the need for a
Class 3 circuit conductors shall be permitted in the sameseparate tray. Type MC cable also provides suitable physical
cable with communications circuits, in which case the Classprotection so that jacket damage that results in faults between
2 and Class 3 circuits shall be classified as communicationscircuits is unlikely.
circuits and shall be installed in accordance with the require-
ments of Article 800. The cables shall be listed as communi-
cations cables or multipurpose cables.(I) In Hoistways In hoistways, Class 2 or Class 3 circuit

conductors shall be installed in rigid metal conduit, rigid (2) Composite Cables Cables constructed of individually
nonmetallic conduit, intermediate metal conduit, liquidtight listed Class 2, Class 3, and communications cables under a
flexible nonmetallic conduit, or electrical metallic tubing. common jacket shall be permitted to be classified as commu-
For elevators or similar equipment, these conductors shall nications cables. The fire resistance rating of the composite
be permitted to be installed as provided in 620.21. cable shall be determined by the performance of the compos-

ite cable.(J) Other Applications For other applications, conductors
of Class 2 and Class 3 circuits shall be separated by at least

In a typical office environment consisting of a group of50 mm (2 in.) from conductors of any electric light, power,
computers in a local area network, data wiring is as prevalentClass 1 non–power-limited fire alarm or medium power
as telephone wiring. A common way to minimize the amountnetwork-powered broadband communications circuits unless
of cabling is to run the telephone and data circuits in theone of the following conditions is met:
same cable. Exhibit 725.4 illustrates such an arrangement.

(1) Either (a) all of the electric light, power, Class 1, Section 725.56(D) requires that either a communications
non–power-limited fire alarm and medium power net- cable or a multipurpose cable be used for this purpose.
work-powered broadband communications circuit con-
ductors or (b) all of the Class 2 and Class 3 circuit
conductors are in a raceway or in metal-sheathed, metal-
clad, non–metallic-sheathed, or Type UF cables.

(2) All of the electric light, power, Class 1 non–power-
limited fire alarm, and medium power network-powered
broadband communications circuit conductors are per-
manently separated from all of the Class 2 and Class 3
circuit conductors by a continuous and firmly fixed
nonconductor, such as porcelain tubes or flexible tubing,
in addition to the insulation on the conductors.

725.56 Installation of Conductors of Different
Circuits in the Same Cable, Enclosure,
or Raceway
(A) Two or More Class 2 Circuits Conductors of two or
more Class 2 circuits shall be permitted within the same
cable, enclosure, or raceway.

(B) Two or More Class 3 Circuits Conductors of two or

To
telcommunications

closet

Listed
communications
or multipurpose
cable

Listed outlet
(communications
circuit
accessory)

Voice

Work area

Data

more Class 3 circuits shall be permitted within the same
cable, enclosure, or raceway. Exhibit 725.4 Telephone and data circuits in the same cable.

(C) Class 2 Circuits with Class 3 Circuits Conductors of
one or more Class 2 circuits shall be permitted within the (E) Class 2 or Class 3 Cables with Other Circuit Cables

Jacketed cables of Class 2 or Class 3 circuits shall be permit-same cable, enclosure, or raceway with conductors of Class
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725.57 Article 725 — Class 1, Class 2, and Class 3 Remote-Control, Signaling, and Power-Limited Circuits

fire loading unnecessarily, and, where installed in plenums,ted in the same enclosure or raceway with jacketed cables
of any of the following: it can affect airflow. Similar requirements can be found in

Articles 640, 645, 760, 770, 800, 820, and 830. See the(1) Power-limited fire alarm systems in compliance with
definition of abandoned Class 2, Class 3, and PLTC cableArticle 760
in 725.2.(2) Nonconductive and conductive optical fiber cables in

compliance with Article 770
(3) Communications circuits in compliance with Article

(A) Plenums Cables installed in ducts, plenums, and other800
spaces used for environmental air shall be Type CL2P or(4) Community antenna television and radio distribution
CL3P. Listed wires and cables installed in compliance withsystems in compliance with Article 820
300.22 shall be permitted. Listed plenum signaling raceways(5) Low-power, network-powered broadband communica-
shall be permitted to be installed in other spaces used fortions in compliance with Article 830
environmental air as described in 300.22(C). Only Type

(F) Class 2 or Class 3 Conductors or Cables and Audio CL2P or CL3P cable shall be permitted to be installed in
System Circuits Audio system circuits described in these raceways.
640.9(C), and installed using Class 2 or Class 3 wiring

(B) Riser Cables installed in risers shall be as describedmethods in compliance with Sections 725.54 and 725.61,
in any of (B)(1), (B)(2), or (B)(3):shall not be permitted to be installed in the same cable or

raceway with Class 2 or Class 3 conductors or cables.
(1) Cables installed in vertical runs and penetrating more

than one floor, or cables installed in vertical runs in a725.57 Installation of Circuit Conductors
shaft, shall be Type CL2R or CL3R. Floor penetrationsExtending Beyond One Building
requiring Type CL2R or CL3R shall contain only cables

Where Class 2 or Class 3 circuit conductors extend beyond
suitable for riser or plenum use. Listed riser signaling

one building and are run so as to be subject to accidental
raceways shall be permitted to be installed in vertical

contact with electric light or power conductors operating
riser runs in a shaft from floor to floor. Only Type

over 300 volts to ground, or are exposed to lightning on
CL2R, CL3R, CL2P, or CL3P cables shall be permitted

interbuilding circuits on the same premises, the requirements
to be installed in these raceways.

of the following shall also apply:
(2) Other cables as covered in Table 725.61 and other listed

(1) Sections 800.44, 800.50, 800.53, 800.93, 800.100, wiring methods as covered in Chapter 3 shall be installed
800.170(A), and 800.170(B) for other than coaxial con- in metal raceways, or located in a fireproof shaft having
ductors firestops at each floor.

(2) Sections 820.44, 820.93, and 820.100 for coaxial con-
ductors Table 725.61 Cable Substitutions

725.58 Support of Conductors Cable Type Permitted Substitutions
Class 2 or Class 3 circuit conductors shall not be strapped,

CL3P CMPtaped, or attached by any means to the exterior of any conduit
CL2P CMP, CL3Por other raceway as a means of support. These conductors
CL3R CMP, CL3P, CMRshall be permitted to be installed as permitted by
CL2R CMP, CL3P, CL2P, CMR, CL3R300.11(B)(2).
PLTC
CL3 CMP, CL3P, CMR, CL3R, CMG, CM, PLTC

See the commentary following 725.8 for more information
CL2 CMP, CL3P, CL2P, CMR, CL3R, CL2R, CMG,

on the support of conductors.
CM, PLTC, CL3

CL3X CMP, CL3P, CMR, CL3R, CMG, CM, PLTC,
CL3, CMX725.61 Applications of Listed Class 2, Class 3,

CL2X CMP, CL3P, CL2P, CMR, CL3R, CL2R, CMG,and PLTC Cables
CM, PLTC, CL3, CL2, CMX, CL3XClass 2, Class 3, and PLTC cables shall comply with any of

the requirements described in 725.61(A) through 725.61(H).
(3) Type CL2, CL3, CL2X, and CL3X cables shall be per-

mitted in one- and two-family dwellings. Listed generalIt should be noted that Section 725.3(B) requires the removal
purpose signaling raceways shall be permitted for useof accessible abandoned cable. Abandoned cable increases
with Type CL2, CL3, CL2X, and CL3X cables.
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725.61Article 725 — Class 1, Class 2, and Class 3 Remote-Control, Signaling, and Power-Limited Circuits

FPN: See 300.21 for firestop requirements for floor pen- ments of Type MC cable and is identified for such use
etrations. shall be permitted to be exposed between the cable tray and

utilization equipment or device. The cable shall be continu-(C) Cable Trays Cables installed in cable trays outdoors
ously supported and protected against physical damage usingshall be Type PLTC. Cables installed in cable trays indoors
mechanical protection such as dedicated struts, angles, orshall be Types PLTC, CL3P, CL3R, CL3, CL2P, CL2R, and
channels. The cable shall be secured at intervals not ex-CL2.
ceeding 1.8 m (6 ft).Listed signaling raceways shall be permitted for use

with cable trays.
Section 725.61(D)(4) was revised for the 2005 Code. It now

FPN: See 800.133(B) for cables permitted in cable trays. allows limited use of a special Type PLTC cable as exposed
wiring between a cable tray and utilization equipment in(D) Hazardous (Classified) Locations Cables installed in
industrial establishments. This allowance offers the installerhazardous locations shall be as described in 725.61(D)(1)
an alternative to Type MC cable. If used in the mannerthrough (D)(4).
described in 725.61(D)(4), Type PLTC cable must meet the
crush and impact requirements of Type MC cable. Type(1) Type PLTC Cables installed in hazardous (classified)
PLTC cable must also be continuously supported and me-locations shall be Type PLTC. Where the use of Type PLTC
chanically protected from damage. The cable must be se-cable is permitted by 501.10(B), 502.10(B), and 504.20, the
cured at intervals not exceeding 6 ft.cable shall be installed in cable trays, in raceways, supported

by messenger wire, or otherwise adequately supported and
mechanically protected by angles, struts, channels, or other (E) Other Wiring Within Buildings Cables installed in
mechanical means. The cable shall be permitted to be directly building locations other than those covered in 725.61(A)
buried where the cable is listed for this use. through 725.61(D) shall be as described in any of (1) through

(7).
(2) Intrinsically Safe Circuits and Nonincendive Field

(1) Type CL2 or CL3 shall be permitted.Wiring Wiring for nonincendive circuits as permitted by
(2) Type CL2X or CL3X shall be permitted to be installed501.10(B)(3), and wiring for intrinsically safe circuits as

in a raceway or in accordance with other wiring methodspermitted by 504.20, shall be permitted for circuits derived
covered in Chapter 3.from Class 2 sources.

(3) Cables shall be permitted to be installed in nonconcealed
spaces where the exposed length of cable does not ex-This section was revised for the 2005 Code to clarify that
ceed 3 m (10 ft).Class 2 wiring methods, including but not limited to Type

(4) Listed Type CL2X cables less than 6 mm (0.25 in.) inPLTC cable, may be used for Class 2 circuits that are
diameter and listed Type CL3X cables less than 6 mmalso intrinsically safe or nonincendive. The requirements
(0.25 in.) in diameter shall be permitted to be installedfor Class 2 sources are covered in 725.41, and the defini-
in one- and two-family dwellings.tions for nonincendive and intrinsically safe circuits are

(5) Listed Type CL2X cables less than 6 mm (0.25 in.) incovered in 500.2 and 504.2, respectively. Type PLTC cable
diameter and listed Type CL3X cables less than 6 mmis permitted and required for Class 2 circuits in Division 2
(0.25 in.) in diameter shall be permitted to be installedareas if the circuits are nonincendive according to 501.10(B)
in nonconcealed spaces in multifamily dwellings.and 725.61(D). Other methods are required in Division 1

(6) Type CMUC undercarpet communications wires andareas if the circuits are not intrinsically safe according to
cables shall be permitted to be installed under carpet.501.10(A).

(7) In industrial establishments where the conditions of
maintenance and supervision ensure that only qualified
persons service the installation, and where the cable is(3) Thermocouple Circuits Conductors in Type PLTC ca-
not subject to physical damage, Type PLTC cable thatbles used for Class 2 thermocouple circuits shall be permitted
complies with the crush and impact requirements ofto be any of the materials used for thermocouple extension
Type MC cable and is identified for such use shall bewire.
permitted to be exposed between the cable tray and
the utilization equipment or device. The cable shall be(4) In Industrial Establishments In industrial establish-

ments where the conditions of maintenance and supervision continuously supported and protected against physical
damage using mechanical protection such as dedicatedensure that only qualified persons service the installation,

and where the cable is not subject to physical damage, Type struts, angles, or channels. The cable shall be supported
and secured at intervals not exceeding 1.8 m (6 ft).PLTC cable that complies with the crush and impact require-
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725.82 Article 725 — Class 1, Class 2, and Class 3 Remote-Control, Signaling, and Power-Limited Circuits

(F) Cross-Connect Arrays Type CL2 or CL3 conductors IV. Listing Requirements
or cables shall be used for cross-connect arrays. 725.82 Listing and Marking of Class 2, Class 3,

and Type PLTC Cables
Cross-connect arrays and patch panels located within build-

Class 2, Class 3, and Type PLTC cables and nonmetallicing spaces must be cross wired, jumpered, or interconnected
signaling raceways installed as wiring methods within build-using listed cables.
ings shall be listed as being resistant to the spread of fire
and other criteria in accordance with 725.82(A) through
725.82(K) and shall be marked in accordance with(G) Class 2 andClass 3 Cable Substitutions The substitu-
725.82(L).tions for Class 2 and Class 3 cables listed in Table 725.61

shall be permitted. Where substitute cables are installed, the (A) Types CL2P and CL3P Types CL2P and CL3P ple-
wiring requirements of Article 725, Parts I and III, shall num cable shall be listed as being suitable for use in ducts,
apply. plenums, and other space for environmental air and shall also

be listed as having adequate fire-resistant and low smoke-
producing characteristics.

FPN: One method of defining low smoke-producing
cable is by establishing an acceptable value of the smoke
producedwhen tested inaccordancewithNFPA262-2002,
Standard Method of Test for Flame Travel and Smoke of
Wires and Cables for Use in Air-Handling Spaces, to a
maximum peak optical density of 0.5 and a maximum
average optical density of 0.15. Similarly, one method
of defining fire-resistant cables is by establishing a maxi-
mum allowable flame travel distance of 1.52 m (5 ft)
when tested in accordance with the same test.

Section 725.82, previously numbered 725.71, has been re-
vised. NFPA 262, Standard Method of Test for Flame Travel
and Smoke of Wires and Cables for Use in Air-Handling
Spaces, is a test method for electrical wires and cables that
are to be installed without raceways in plenums and other
spaces used for environmental air. NFPA 262 was originally

Plenum

Riser

General purpose

CMP CL3P CL2P

CMR CL3R CL2R

CMG
CM CL3 CL2

PLTC

CMX CL3X CL2XDwelling

Type CM—Communications wires and cables
Type CL2 and CL3—Class 2 and Class 3 remote-control, signaling, 
  and power-limited cables
Type PLTC—Power-limited tray cable

Cable A shall be permitted to be used in place of Cable B.A B
developed as UL 910, Test for Flame Propagation and
Smoke-Density Values for Electrical and Optical-Fiber Ca-

Figure 725.61 Cable Substitution Hierarchy. bles Used in Spaces Transporting Environmental Air, which
is an adaptation of the Steiner Tunnel test (NFPA 255/ASTM
E84/UL 723, Standard Method of Test of Surface BurningFPN: For information on Types CMP, CMR, CM, and
Characteristics of Building Materials).CMX cables, see 800.179.

The test is conducted in a 25-ft-long horizontal duct
(H) Class 2, Class 3, PLTC Circuit Integrity (CI) Cable lined with insulating masonry faced with a row of refractory
or Electrical Circuit Protective System Circuit integrity fire brick. See Exhibit 725.5. One side of the duct is provided
(CI) cable or a listed electrical circuit protective system shall with a row of double-paned observation windows that permit
be permitted for use in remote control, signaling, or power monitoring of the progress of the test. The end of the chamber
limited systems that supply critical circuits to ensure surviv- designated the fire end is provided with two gas burners
ability for continued circuit operation for a specified time that deliver flames upward to engulf the test specimen. The
under fire conditions. burners are positioned on each side of the centerline of the

furnace so that flame is evenly distributed across the sample.
Test specimens are installed in a cable tray that is 23.9 ftSection 725.61(H) was added to the 2005 Code to permit

the use of circuit integrity cable for applications where conti- long.
Smoke output is measured in a metal vent pipe at the ventnuity of the operations of critical circuits is needed during

a fire. Such circuits could be essential to fire fighting opera- end of the furnace, which is opposite the fire end. Where
smoke passes through the vent pipe, it passes between a lighttions or could be circuits whose interruption could cause a

more dangerous condition to occur. An example is a smoke source and a photocell. The output signal of the photocell is
directly proportional to the amount of light received.removal system.
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725.82Article 725 — Class 1, Class 2, and Class 3 Remote-Control, Signaling, and Power-Limited Circuits

Air-inlet port for air supply,
3 ± 0.062 in. 

Adjustable air-intake shutter 

Insulated gradual rectangular-
to-round sheet-metal vent pipe

Photoelectric
cell

Light source

40 ft max.

21 ft
min.
from
vent end

Liquid seal

Water-cooled
structural-steel
tube

17.625 ± 0.375 in.

12 in.

11.25 in.

Test specimens

4.0 ± 
0.5 in.

6.00 ± 
0.25 in.

12 ± 
0.5 in.

6.875 in. 5.0 ± 
0.5 in.

8.25
in.

Cable-
tray
rungs

0.75-in.
elbows

Details of Fire Test Chamber, Section B-B

Panes

Double-pane
observation
window, 2.75 ± 0.25
by 11.0 + 2.0 – 1.0 in.

Fire brick
9.0 × 4.5 × 2.5 in.
max. temperature
2600°F

Removable metal-and-mineral
composite top panel

0.25 in.
mineral-fiber/cement board

0.125-in.
fiberedglass belting

To induced-
draft system

16 ft
min.

Manometer draft-gauge connection

Thermocouple

Thermocouples,
1/8 in. below surface

Details of Fire Test Chamber

Access for
velocity 
measurements

Gas burners for
ignition fire

12 in.
13 ft 6 in.

54 ± 5 in.

25 ft length of test chamber
B

Fire end Vent end

B

Cable
tray
support

Exhibit 725.5 Steiner Tunnel test chamber used in NFPA 262, Standard Method of Test for Flame
Travel and Smoke of Wires and Cables for Use in Air-Handling Spaces.

tive of a red oak specimen. A graph is also plotted forThe cable specimens are exposed to a fire source with
an output of 300,000 Btu/hr for a period of 20 minutes. A optical density versus time for the sample. Optical density

is calculated as follows:graph is plotted that illustrates the flame distance beyond
41⁄2 ft (measured from the end of the flame delivered by the
burners) versus the time taken for the duration of the test. Optical density � log10

T0

TThis graph is plotted against a flame spread curve representa-
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725.82 Article 725 — Class 1, Class 2, and Class 3 Remote-Control, Signaling, and Power-Limited Circuits

where:

T0 � initial light transmission

T� light transmission during test

NFPA 262 does not list pass/fail criteria. The criteria for
acceptance of a given application are given in the appropriate
sections of the Code. See the fine print notes that follow
725.82(A), 760.82(D), 770.182(A), 800.182(A), and
820.179(A).

A Class 2 or Class 3 cable that has passed the require-
ments of this test may be used in ducts, plenums, or other
air-handling spaces. In addition, such cable may be used
anywhere in a building where Class 2 or Class 3 cable is
permitted. (See Table 725.61.)

(B) Types CL2R and CL3R Types CL2R and CL3R riser
cables shall be marked as Type CL2R or CL3R, respectively,
and be listed as suitable for use in a vertical run in a shaft
or from floor to floor and shall also be listed as having fire-
resistant characteristics capable of preventing the carrying
of fire from floor to floor.

FPN: One method of defining fire-resistant characteris-
tics capable of preventing the carrying of fire from floor
to floor is that the cables pass the requirements of ANSI/
UL 1666-2002, Test for Flame Propagation Height of
Electrical and Optical-Fiber Cable Installed Vertically
in Shafts.

In the fire test covered in UL 1666, Test for Flame Propaga-
tion Height of Electrical and Optical-Fiber Cables Installed
Vertically in Shafts, cables are arranged in a simulated verti-
cal shaft and subjected to an ignition source. The shaft is a
19-ft-high concrete shaft divided into two compartments at
the 12-ft level. There is a 1-ft by 2-ft opening between the

7 ft

Exhaust blower
and duct

Roof

Concrete
second
floor (5 in.)

Concrete
block walls

A

Concrete
first floor

12 ft

8 ft

4 ft

2 ft
8 in.

4 in.

1 ft

Metal frame

Details of Fire Test Chamber

Details of Fire Test Chamber, View A-A

A

two compartments. The ignition source is a burner with a
Exhibit 725.6 Fire test chamber used in ANSI/UL 1666, Test forheat output rate of 495,000 Btu/hr. See Exhibit 725.6.
Flame Propagation Height of Electrical and Optical-Fiber CablesThe individual cable lengths are suspended from a sup-
Installed Vertically in Shafts.port system on the second floor and held in place just below

the support system and at the first-floor slot.
(C) Types CL2 and CL3 Types CL2 and CL3 cables shallThe support frame consists of a steel bar located on the
be marked as Type CL2 or CL3, respectively, and be listedassecond floor above the slot opening. The individual cable
suitable for general-purpose use, with the exception of risers,lengths are suspended from the support frame by one of the
ducts, plenums, and other space used for environmental air,following methods:
and shall also be listed as being resistant to the spread of fire.

1. The cables are draped over the support frame.
FPN: One method of defining resistant to the spread of2. The cables are arranged in a clamping device that is
fire is that the cables do not spread fire to the top of thesuspended from the support frame by two hooks.
tray in the vertical tray flame test in ANSI/UL 1581-

3. In the case of large-diameter cables, each individual 1991, Reference Standard for Electrical Wires, Cables
cable is placed in a wire-mesh grip. Each grip is attached and Flexible Cords.
to a hook that is suspended from the support frame. Another method of defining resistant to the spread

of fire is for the damage (char length) not to exceed 1.5
m (4 ft 11 in.) when performing the CSA vertical flameTo pass, cables must not propagate flame to the top of the
test for cables in cable trays, as described in CSA C22.212-ft-high compartment during the 30-minute test.
No. 0.3-M-1985, Test Methods for Electrical Wires and
Cables.
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725.82Article 725 — Class 1, Class 2, and Class 3 Remote-Control, Signaling, and Power-Limited Circuits

ings and for use in raceway and shall also be listed as beingThe UL vertical tray flame test determines whether cables
resistant to flame spread.installed in a ladder-type cable tray will propagate fire from

a given exposure. The test flame is supplied by a strip or FPN: One method of determining that cable is resistant
ribbon-type propane gas burner. to flame spread is by testing the cable to the VW-1

(vertical wire) flame test in ANSI/UL 1581-1991, Refer-The cables are installed in a steel ladder-type cable tray
ence Standard for Electrical Wires, Cables and Flexiblethat is 12 in. wide, 3 in. deep, and 8 ft long. Cables are installed
Cords.in the tray spaced half a diameter apart, filling 75 percent of

the tray width. A burner supplying 70,000 Btu/hr (20.32 kW/
UL 1581, Reference Standard for Electrical Wires, Cableshr) is positioned 18 in. above the bottom of the tray, midway
and Flexible Cords, contains basic requirements for conduc-between two rungs. The burner flame is applied to the samples
tors, insulation, jackets, and other coverings and the methodsfor a period of 20 minutes. See Exhibit 725.7. The samples
of sample preparation, specimen selection and conditioning,are considered to have passed the test if flame has not propa-
and measurements and calculations required in UL 44,gated to the top of the cable tray by the test’s conclusion. See
Thermoset-Insulated Wires and Cables; UL 83, Thermoplas-also the commentary following 725.82(D), FPN.
tic-Insulated Wires and Cables; and UL 62, Flexible CordA cable that passes this testing may be listed as a Type
and Fixture Wire. The flame test methods of these standardsCL2 or Type CL3 cable.
include the vertical wire flame test (VW-1) and the vertical
tray flame test. [See the commentary following 725.82(C),
FPN.]

The VW-1 test is a small-scale test of the flammability
of insulating material. It uses a single specimen, secured in
a vertical position in a three-sided metal enclosure that has a
layer of untreated surgical cotton on the bottom. See Exhibit
725.8. For thermoplastic- or rubber-insulated wire and cable,
the specimen used is an 18-in. insulated 14 AWG copper or

Cables

Rung

Rail

Flame

Burner

Gas–air
mixture

12 in.Not to
scale

18 in.

8 ft

Exhibit 725.7 UL vertical tray flame test.

Kraft-paper
flag

10 in.

3 in. min. 
to lower

support for
specimen

9 in.–
91/2 in.
to top 
surface
of cotton

A

20°

Barrel of
burnerCotton

covering

Cable
specimen

(D) Types CL2X and CL3X Types CL2X and CL3X
limited-use cables shall be marked as Type CL2X or CL3X, Exhibit 725.8 UL vertical wire flame test.
respectively, and be listed as being suitable for use in dwell-

National Electrical Code Handbook 2005 1095

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

--```,,``,`,,,`,`,`,`,,,,,,`,,,-`-`,,`,,`,`,,`---



725.82 Article 725 — Class 1, Class 2, and Class 3 Remote-Control, Signaling, and Power-Limited Circuits

m (4 ft 11 in.) when performing the CSA vertical flame12 AWG aluminum conductor. A small kraft-paper indicator test for cables in cable trays, as described in CSA C22.2
flag is attached to the specimen near its top. A flame is No. 0.3-M-1985, Test Methods for Electrical Wires and
impinged 10 in. below the bottom of the flag for a period Cables.
of 15 seconds. The flame is removed for 15 seconds and

(F) Circuit Integrity (CI) Cable or Electrical Circuit Pro-then reapplied for 15 seconds. This procedure is repeated
tective System Cables used for survivability of critical cir-for five 15-second flame applications. The specimen is con-
cuits shall be listed as circuit integrity (CI) cable. Cablessidered to be capable of propagating fire if one of the follow-
specified in 725.61(A), (B), (D)(1), and (E), and used foring occurs:
circuit integrity, shall have the additional classification using

1. More than 25 percent of the indicator flag is burned the suffix ‘‘-CI.’’ Cables that are part of a listed electrical
away or charred. circuit protective system shall be considered to meet the

2. Flaming or glowing particles are emitted that ignite the requirements of survivability.
surgical cotton. FPN: One method of defining circuit integrity is by es-

3. The specimen continues to flame longer than 60 seconds tablishing a minimum 2-hour fire resistance rating when
tested in accordance with UL 2196-2002, Standard forafter removal of the burner.
Tests of Fire Resistive Cables.

A sample that passes this test may be listed as Type
CL2X or Type CL3X, suitable for use as a limited-use, Section 725.82(F) was added to the 2005 Code to permit

the use of circuit integrity (CI) cable for applications wherepower-limited cable. This cable may be used in one-family,
two-family, and multifamily dwellings. continuity of the operations of critical circuits is needed

during a fire. Such circuits could be essential to fire fighting
operations or could be circuits whose interruption could

(E) Type PLTC Type PLTC nonmetallic-sheathed, power- cause a more dangerous condition to occur. A smoke removal
limited tray cable shall be listed as being suitable for cable system is an example of where it may be necessary to use
trays and shall consist of a factory assembly of two or circuit integrity cables for control circuits to ensure that the
more insulated conductors under a nonmetallic jacket. The dampers will operate during a fire.
insulated conductors shall be 22 AWG through 12 AWG.
The conductor material shall be copper (solid or stranded).

(G) Class 2 and Class 3 Cable Voltage Ratings Class 2Insulation on conductors shall be suitable for 300 volts. The
cables shall have a voltage rating of not less than 150 volts.cable core shall be either (1) two or more parallel conductors,
Class 3 cables shall have a voltage rating of not less than(2) one or more group assemblies of twisted or parallel
300 volts.conductors, or (3) a combination thereof. A metallic shield

or a metallized foil shield with drain wire(s) shall be permit- (H) Class 3 Single Conductors Class 3 single conductors
ted to be applied either over the cable core, over groups of used as other wiring within buildings shall not be smaller
conductors, or both. The cable shall be listed as being resis- than 18 AWG and shall be Type CL3. Conductor types
tant to the spread of fire. The outer jacket shall be a sunlight- described in 725.27(B) that are also listed as Type CL3 shall
and moisture-resistant nonmetallic material. be permitted.

FPN: One method of defining resistant to the spread ofException No. 1: Where a smooth metallic sheath, continu-
fire is that the cables do not spread fire to the top of theous corrugated metallic sheath, or interlocking tape armor
tray in the vertical tray flame test in ANSI/UL 1581-

is applied over the nonmetallic jacket, an overall nonmetallic 1991, Reference Standard for Electrical Wires, Cables
jacket shall not be required. On metallic-sheathed cable and Flexible Cords.

Another method of defining resistant to the spreadwithout an overall nonmetallic jacket, the information re-
of fire is for the damage (char length) not to exceed 1.5quired in 310.11 shall be located on the nonmetallic jacket
m (4 ft 11 in.) when performing the CSA vertical flameunder the sheath.
test for cables in cable trays as described in CSA C22.2

Exception No. 2: Conductors in PLTC cables used for Class No. 0.3-M-1985, Test Methods for Electrical Wires and
Cables.2 thermocouple circuits shall be permitted to be any of the

materials used for thermocouple extension wire.
Section 725.82(H) clarifies that Class 3 single conductors

FPN: One method of defining resistant to the spread of
must also be resistant to the spread of fire.fire is that the cables do not spread fire to the top of the

tray in the vertical tray flame test in ANSI/UL 1581-
1991, Reference Standard for Electrical Wires, Cables

(I) Plenum Signaling Raceways Plenum signaling race-and Flexible Cords.
ways shall be listed as having adequate fire-resistant andAnother method of defining resistant to the spread

of fire is for the damage (char length) not to exceed 1.5 low smoke-producing characteristics.
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727.2Article 727 — Instrumentation Tray Cable: Type ITC

Table 725.82 Cable MarkingSection 725.82(I) was added to the 2005 Code to recognize
listed nonmetallic signaling raceways for use in plenums.

Cable Marking TypeSimilar raceways are currently recognized for optical fiber
and communications cables in Articles 770 and 800, respec- CL3P Class 3 plenum cable
tively. Raceways listed for plenums must pass fire tests CL2P Class 2 plenum cable
similar to those required of cables listed for plenums. CL3R Class 3 riser cable

CL2R Class 2 riser cable
PLTC Power-limited tray cable
CL3 Class 3 cable(J) Riser Signaling Raceways Riser signaling raceways CL2 Class 2 cable

shall be listed as having adequate fire-resistant characteris- CL3X Class 3 cable, limited use
tics capable of preventing the carrying of fire from floor to CL2X Class 2 cable, limited use
floor.

FPN: Class 2 and Class 3 cable types are listed in de-FPN: One method of defining fire-resistant characteris-
scending order of fire resistance rating, and Class 3 cablestics capable of preventing the carrying of fire from floor
are listed above Class 2 cables because Class 3 cablesto floor is that the raceways pass the requirements of the
can substitute for Class 2 cables.Test for Flame Propagation (Riser) in UL 2024, Standard

for Optical Fiber Cable Raceway.

ARTICLE 727Section 725.82(J) was added to the 2005 Code to recognize
listed nonmetallic signaling raceways for use in risers. Simi- Instrumentation Tray Cable:
lar raceways are currently recognized for optical fiber and Type ITCcommunications cables in Articles 770 and 800, respectively.
Raceways listed for risers must pass fire tests similar to
those required of cables listed for risers. Contents

727.1 Scope
727.2 Definition

(K) General-Purpose Signaling Raceways General-pur- 727.3 Other Articles
pose signaling raceways shall be listed as being resistant to 727.4 Uses Permitted
the spread of fire. 727.5 Uses Not Permitted

727.6 ConstructionFPN: One method of defining resistance to the spread
727.7 Markingof fire is that the raceways pass the requirements of

the Vertical-Tray Flame Test (General use) in UL 2024, 727.8 Allowable Ampacity
Standard for Optical Fiber Cable Raceway. 727.9 Overcurrent Protection

727.10 Bends
Section 725.82(K) was added to the 2005 Code to recognize
listed nonmetallic signaling raceways for use in general-

727.1 Scopepurpose applications. Similar raceways are currently recog-
This article covers the use, installation, and constructionnized for optical fiber and communications cables in Articles
specifications of instrumentation tray cable for application770 and 800, respectively. Raceways listed for general-
to instrumentation and control circuits operating at 150 voltspurpose applications must pass fire tests similar to those
or less and 5 amperes or less.required of cables listed for general-purpose applications.

Article 727 permits an alternate wiring method for circuits
(L) Marking Cables shall be marked in accordance with that do not exceed 5 amperes and 150 volts. Instrument tray
310.11(A)(2), (A)(3), (A)(4), and (A)(5) and Table 725.82. cable is particularly suited for instrumentation circuits in
Voltage ratings shall not be marked on the cables. industrial establishments where qualified persons perform

service and maintenance.
FPN: Voltage markings on cables may be misinterpreted
to suggest that the cables may be suitable for Class 1
electric light and power applications. 727.2 Definition

Exception: Voltage markings shall be permitted where the Type ITC Instrumentation Tray Cable. A factory assem-
bly of two or more insulated conductors, with or without acable has multiple listings and a voltage marking is required

for one or more of the listings. grounding conductor(s), enclosed in a nonmetallic sheath.
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727.3 Article 760 — Fire Alarm Systems

Exception No. 2: Where a metallic sheath or armor is ap-727.3 Other Articles
plied over the nonmetallic sheath of the Type ITC cable.In addition to the provisions of this article, installation of

Type ITC cable shall comply with other applicable articles
727.6 Constructionof this Code, such as Articles 240, 250, 300, and 392.
The insulated conductors of Type ITC cable shall be in sizes
22 AWG through 12 AWG. The conductor material shall be727.4 Uses Permitted
copper or thermocouple alloy. Insulation on the conductorsType ITC cable shall be permitted to be used as follows in
shall be rated for 300 volts. Shielding shall be permitted.industrial establishments where the conditions of mainte-

The cable shall be listed as being resistant to the spreadnance and supervision ensure that only qualified persons
of fire. The outer jacket shall be sunlight and moisture resis-service the installation:
tant.

(1) In cable trays. Where a smooth metallic sheath, continuous corrugated
(2) In raceways. metallic sheath, or interlocking tape armor is applied over
(3) In hazardous locations as permitted in 501.10, 502.10, the nonmetallic sheath, an overall nonmetallic jacket shall

503.10, 504.20, 504.30, 504.80, and 505.15. not be required.
(4) Enclosed in a smooth metallic sheath, continuous corru-

gated metallic sheath, or interlocking tape armor applied 727.7 Marking
over the nonmetallic sheath in accordance with 727.6. The cable shall be marked in accordance with 310.11(A)(2),
The cable shall be supported and secured at intervals (A)(3), (A)(4), and (A)(5). Voltage ratings shall not be
not exceeding 1.8 m (6 ft). marked on the cable.

(5) Without a metallic sheath or armor between cable tray
and equipment in lengths not to exceed 15 m (50 ft), 727.8 Allowable Ampacity
where the cable is supported and protected against phys-

The allowable ampacity of the conductors shall be 5 amperes,ical damage using mechanical protection, such as struts,
except for 22 AWG conductors, which shall have an allow-angles, or channels. The cable shall be supported and
able ampacity of 3 amperes.secured at intervals not exceeding 1.8 m (6 ft).

(6) Between cable tray and equipment in lengths not to
727.9 Overcurrent Protectionexceed 15 m (50 ft), where the cable complies with the
Overcurrent protection shall not exceed 5 amperes for 20crush and impact requirements of Type MC cable and
AWG and larger conductors, and 3 amperes for 22 AWGis identified for such use. The cable shall be supported
conductors.and secured at intervals not exceeding 1.8 m (6 ft).

(7) As aerial cable on a messenger.
727.10 Bends(8) Direct buried where identified for the use.

(9) Under raised floors in rooms containing industrial proc- Bends in Type ITC cables shall be made so as not to damage
ess control equipment and rack rooms where arranged the cable.
to prevent damage to the cable.

(10) Under raised floors in information technology equip-
ment rooms in accordance with 645.5(D)(5)(c). ARTICLE 760

Fire Alarm Systems
727.5 Uses Not Permitted
Type ITC cable shall not be installed on circuits operating

Summary of Changesat more than 150 volts or more than 5 amperes.
Installation of Type ITC cable with other cables shall • 760.8: Revised requirement covering mechanical execu-

be subject to the stated provisions of the specific articles tion of work.
for the other cables. Where the governing articles do not • 760.21: Revised to prohibit arc-fault circuit interrupters
contain stated provisions for installation with Type ITC (AFCIs) in addition to GFCIs in the supply circuit for the
cable, the installation of Type ITC cable with the other cables power source of non–power-limited fire alarm circuits.
shall not be permitted.

• 760.30(B)(2), (B)(3), and (B)(4): Added new Exception
Type ITC cable shall not be installed with power, light-

No. 3 permitting circuit integrity (CI) cable.
ing, Class 1, or non–power-limited circuits.

• 760.41: Revised to prohibit arc-fault circuit interrupters
Exception No. 1: Where terminated within equipment or (AFCIs) in addition to GFCIs in the supply circuit for the
junction boxes and separations are maintained by insulating power source of power-limited fire alarm circuits.
barriers or other means.
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727.10Article 760 — Fire Alarm Systems

760.30 Multiconductor NPLFA Cables• 760.52: Revised to permit combinations of 760.52(A) and
(A) NPLFA Wiring Method(B) wiring methods on load side of PLFA power source.
(B) Applications of Listed NPLFA Cables• 760.56(D):Added new requirement prohibiting audio sys-

III. Power-Limited Fire Alarm (PLFA) Circuitstem circuits using Class 2 or Class 3 conductors and PLFA
760.41 Power Sources for PLFA Circuitscircuits in the same raceway.

(A) Transformers
• 760.61(A), (B)(1), and (C): Revised to permit circuit (B) Power Supplies

integrity (CI) cable. (C) Listed Equipment
• 760.81(F) and 760.82(G): Added new requirements for 760.42 Circuit Marking

760.51 Wiring Methods on Supply Side of the PLFANPLFA and PLFA circuit integrity (CI) cable.
Power Source

760.52 Wiring Methods and Materials on Load Side of
the PLFA Power SourceContents

(A) NPLFA Wiring Methods and Materials
I. General (B) PLFA Wiring Methods and Materials

760.1 Scope 760.54 Installation of Conductors and Equipment in
760.2 Definitions Cables, Compartments, Cable Trays,
760.3 Other Articles Enclosures, Manholes, Outlet Boxes, Device

(A) Spread of Fire or Products of Combustion Boxes, and Raceways for Power-Limited
(B) Ducts, Plenums, and Other Air-Handling Spaces Circuits
(C) Hazardous (Classified) Locations 760.55 Separation from Electric Light, Power, Class 1,
(D) Corrosive, Damp, or Wet Locations NPLFA, and Medium Power Network-Powered
(E) Building Control Circuits Broadband Communications Circuit
(F) Optical Fiber Cables Conductors

760.7 Access to Electrical Equipment Behind Panels (A) General
Designed to Allow Access (B) Separated by Barriers

760.8 Mechanical Execution of Work (C) Raceways Within Enclosures
760.9 Fire Alarm Circuit and Equipment Grounding (D) Associated Systems Within Enclosures

760.10 Fire Alarm Circuit Identification (E) Enclosures with Single Opening
760.11 Fire Alarm Circuits Extending Beyond One (F) In Hoistways

Building (G) Other Applications
760.15 Fire Alarm Circuit Requirements 760.56 Installation of Conductors of Different PLFA

(A) Non–Power-Limited Fire Alarm (NPLFA) Circuits, Class 2, Class 3, and Communications
Circuits Circuits in the Same Cable, Enclosure, or

(B) Power-Limited Fire Alarm (PLFA) Circuits Raceway
II. Non–Power-Limited Fire Alarm (NPLFA) Circuits (A) Two or More PLFA Circuits

760.21 NPLFA Circuit Power Source Requirements (B) Class 2 Circuits with PLFA Circuits
760.23 NPLFA Circuit Overcurrent Protection (C) Low-Power Network-Powered Broadband
760.24 NPLFA Circuit Overcurrent Device Location Communications Cables and PLFA Cables
760.25 NPLFA Circuit Wiring Methods (D) Audio System Circuits and PLFA Circuits
760.26 Conductors of Different Circuits in Same Cable, 760.57 Conductor Size

Enclosure, or Raceway 760.58 Support of Conductors
(A) Class 1 with NPLFA Circuits 760.59 Current-Carrying Continuous Line-Type Fire
(B) Fire Alarm with Power-Supply Circuits Detectors

760.27 NPLFA Circuit Conductors (A) Application
(A) Sizes and Use (B) Installation
(B) Insulation 760.61 Applications of Listed PLFA Cables
(C) Conductor Materials (A) Plenum

760.28 Number of Conductors in Cable Trays and (B) Riser
Raceways, and Derating (C) Other Wiring Within Buildings

(A) NPLFA Circuits and Class 1 Circuits (D) Fire Alarm Cable Substitutions
IV. Listing Requirements(B) Power-Supply Conductors and Fire Alarm

760.81 Listing and Marking of NPLFA CablesCircuit Conductors
(A) NPLFA Conductor Materials(C) Cable Trays
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760.1 Article 760 — Fire Alarm Systems

an occupancy is required to have a fire alarm system is(B) Insulated Conductors
found in NFPA 101�, Life Safety Code�, or other local codes.(C) Type NPLFP

Examples of fire alarm devices and equipment are(D) Type NPLFR
shown in Exhibits 760.1 and 760.2. The installation of these(E) Type NPLF
system components is covered by NFPA 72, but the circuit(F) Fire Alarm Circuit Integrity (CI) Cable or
wiring associated with these components must be installedElectrical Circuit Protective System
in accordance with the requirements of Article 760. Single-(G) NPLFA Cable Markings
and multiple-station smoke alarms, such as those commonly760.82 Listing and Marking of PLFA Cables and
installed in dwelling units, are supplied through 120-voltInsulated Continuous Line-Type Fire Detectors
branch circuits rather than through a non–power-limited or(A) Conductor Materials
power-limited fire alarm signaling circuit that is powered(B) Conductor Size
and controlled by a fire alarm control panel. Branch circuits(C) Ratings
supplying power to single- and multiple-station smoke(D) Type FPLP
alarms are not subject to the requirements of Article 760.(E) Type FPLR

NFPA 72 requires that all wiring, cable, and equipment(F) Type FPL
be in accordance with NFPA 70, National Electrical Code�,(G) Fire Alarm Circuit Integrity (CI) Cable or
and specifically with Article 760. Additionally, NFPA 72Electrical Circuit Protective System
requires all equipment to be listed for its intended purpose.(H) Coaxial Cables

NFPA 1221, Standard for the Installation, Maintenance,(I) Cable Marking
and Use of Emergency Services Communications Systems,(J) Insulated Continuous Line-Type Fire Detectors
covers the installation, maintenance, and use of all public
fire service communications facilities. These facilities in-

I. General
760.1 Scope
This article covers the installation of wiring and equipment
of fire alarm systems including all circuits controlled and
powered by the fire alarm system.

FPN No. 1: Fire alarm systems include fire detection
and alarm notification, guard’s tour, sprinkler waterflow,
and sprinkler supervisory systems. Circuits controlled
and powered by the fire alarm system include circuits for
the control of building systems safety functions, elevator
capture, elevator shutdown, door release, smoke doors
and damper control, fire doors and damper control and
fan shutdown, but only where these circuits are powered
by and controlled by the fire alarm system. For further
information on the installation and monitoring for integ-
rity requirements for fire alarm systems, refer to the
NFPA 72�-2002, National Fire Alarm Code�.
FPN No. 2: Class 1, 2, and 3 circuits are defined in
Article 725.

Article 760 covers only those circuits that are powered and
controlled by the fire alarm system, including fire safety
features such as smoke door control, damper control, fan
shutdown, and elevator recall. Circuits powered and con-
trolled by other building systems such as heating, ventilating,
and air conditioning (HVAC); security; lighting controls;
and time recording are covered by Article 725.

Article 760 covers the wiring between the devices and
equipment required by NFPA 72�, National Fire Alarm
Code�.NFPA 72 provides the requirements for the selection,
installation, performance, use, and testing and maintenance
of fire alarm system components. The provision for whether Exhibit 760.1 Typical fire alarm control unit.
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760.7Article 760 — Fire Alarm Systems

760.3 Other Articles
Circuits and equipment shall comply with 760.3(A) through
760.3(F). Only those sections of Article 300 referenced in
this article shall apply to fire alarm systems.

(A) Spread of Fire or Products of Combustion Section
300.21. The accessible portion of abandoned fire alarm ca-
bles shall be removed.

(B) Ducts, Plenums, and Other Air-Handling Spaces
Section 300.22, where installed in ducts or plenums or other
spaces used for environmental air.

Exception: As permitted in 760.30(B)(1) and (B)(2) and
760.61(A).

See the commentary following 300.22(B) and 300.22(C) for
Exhibit 760.2 Typical spot-type smoke detector. more information on wiring installed in ducts, plenums, or

other spaces used for environmental air.
clude public reporting, dispatching, telephone, and two-way
and microwave radio systems, all of which fulfill two princi-
pal functions: the receipt of fire alarms or other emergency (C) Hazardous (Classified) Locations Articles 500
calls from the public and the retransmission of these alarms through 516 and Article 517, Part IV, where installed in
and emergency calls to fire companies and other appropriate hazardous (classified) locations.
agencies.

(D) Corrosive, Damp, or Wet Locations Sections 110.11,
300.6, and 310.9 where installed in corrosive, damp, or wet760.2 Definitions
locations.

Abandoned Fire Alarm Cable. Installed fire alarm cable
that is not terminated at equipment other than a connector

Section 760.3(D) requires cables and equipment that areand not identified for future use with a tag.
used in wet or damp locations, high ambient temperature
areas, or corrosive locations to be identified as suitable for

This definition was added to the 2002 Code for use with the particular use. Underground installations are considered
760.3(A), which requires removal of accessible abandoned wet locations.
fire alarm cable. Abandoned cable increases fire loading
unnecessarily, and, where installed in plenums, it can affect
airflow. Similar requirements can be found in Articles 640, (E) Building Control Circuits Article 725 where building
645, 725, 770, 800, 820, and 830. control circuits (e.g., elevator capture, fan shutdown) are

associated with the fire alarm system.

Fire Alarm Circuit. The portion of the wiring system be-
(F) Optical Fiber Cables Where optical fiber cables aretween the load side of the overcurrent device or the power-
utilized for fire alarm circuits, the cables shall be installedlimited supply and the connected equipment of all circuits
in accordance with Article 770.powered and controlled by the fire alarm system. Fire alarm

circuits are classified as either non–power-limited or power-
760.7 Access to Electrical Equipment Behindlimited.
Panels Designed to Allow Access

Fire Alarm Circuit Integrity (CI) Cable. Cable used in
Access to electrical equipment shall not be denied by anfire alarm systems to ensure continued operation of critical
accumulation of conductors and cables that prevents removalcircuits during a specified time under fire conditions.
of panels, including suspended ceiling panels.

Non–Power-Limited Fire AlarmCircuit (NPLFA). A fire
alarm circuit powered by a source that complies with 760.21

An excess accumulation of wires and cables can limit accessand 760.23.
to equipment by preventing the removal of access panels.

Power-Limited Fire Alarm Circuit (PLFA). A fire alarm See Exhibit 760.3.
circuit powered by a source that complies with 760.41.
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760.8 Article 760 — Fire Alarm Systems

760.9 Fire Alarm Circuit and
Equipment Grounding
Fire alarm circuits and equipment shall be grounded in accor-
dance with Article 250.

760.10 Fire Alarm Circuit Identification
Fire alarm circuits shall be identified at terminal and junction
locations in a manner that will prevent unintentional interfer-
ence with the signaling circuit during testing and servicing.

760.11 Fire Alarm Circuits Extending Beyond
One Building
Power-limited fire alarm circuits that extend beyond one
building and run outdoors either shall meet the installation
requirements of Parts II, III, and IV of Article 800 or shall
meet the installation requirements of Part I of Article 300.
Non–power-limited fire alarm circuits that extend beyond
one building and run outdoors shall meet the installation
requirements of Part I of Article 300 and the applicable

Hung ceiling
cavity

Hung ceiling
cavity

Permitted Method

Method Not Permitted

Fire alarm
cables

Fire
alarm 
cables

sections of Part I of Article 225.
Exhibit 760.3 Incorrect installation of conductors and cables

760.15 Fire Alarm Circuit Requirements(upper diagram), which can prevent access to equipment or
cables. Correct method is shown in lower diagram. Fire alarm circuits shall comply with 760.15(A) and

760.15(B).

(A) Non–Power-Limited Fire Alarm (NPLFA) Circuits760.8 Mechanical Execution of Work
See Parts I and II.

Fire alarm circuits shall be installed in a neat workmanlike
(B) Power-Limited Fire Alarm (PLFA) Circuits Seemanner. Cables and conductors installed exposed on the
Parts I and III.surface of ceilings and sidewalls shall be supported by the

building structure in such a manner that the cable will not
Exact power source limitations for power-limited fire alarmbe damaged by normal building use. Such cables shall be
circuits used by testing laboratories are found in Chapter 9,supported by straps, staples, hangers, or similar fittings de-
Table 12(A) and Table 12(B). Table 12(A) covers alternating-signed and installed so as not to damage the cable. The
current source limitations, and Table 12(B) covers direct-installation shall also conform with 300.4(D).
current source limitations.

FPN: One source of information describing industry
practices is ANCI/NECA 305-2001, Standard for Fire

II. Non–Power-Limited Fire AlarmAlarm System Job Practice.

(NPLFA) Circuits
This section provides definitive requirements for workman- 760.21 NPLFA Circuit Power
ship. Cable must be attached to or supported by the structure

Source Requirementsby straps, clamps, hangers, and the like. The installation
The power source of non–power-limited fire alarm circuitsmethod must not damage the cable. In addition, the location
shall comply with Chapters 1 through 4, and the outputof the cable should be carefully evaluated to ensure that
voltage shall not be more than 600 volts, nominal. Theseactivities and processes within the building do not cause
circuits shall not be supplied through ground-fault circuitdamage to the cable.
interrupters or arc-fault circuit interrupters.The reference to 300.4(D) calls attention to the hazards

to which cables are exposed where they are installed on FPN: See 210.8(A)(5), Exception No. 3, for receptacles
in dwelling-unit unfinished basements that supply powerframing members. Such cables are required to be installed
for fire alarm systems.in a manner that protects them from nail or screw penetration.

In the 2005 Code, there was a change to this section to
permit attachment to baseboards and non–load bearing walls, Section 760.21 was revised for the 2005 Code. It prohibits

supplying a non–power-limited fire alarm circuit through awhich are not structural components.
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760.26Article 760 — Fire Alarm Systems

ground-fault circuit interrupter or an arc-fault circuit inter- ered to be protected by overcurrent protection on the input
of the electronic power source.rupter. The intent is to supply a fire alarm system through

a source that is not subject to interruption. This requirement FPN: A single-phase, listed electronic power supply
does not apply to single- or multiple-station smoke alarms. whose output supplies a 2-wire (single-voltage) circuit
Single- and multiple-station smoke alarms are not supplied is an example of a non–power-limited power source that

meets the requirements of 760.21.through a non–power-limited fire alarm circuit. Smoke
alarms in new construction are required by NFPA 72�, Na-
tional Fire Alarm Code�, to have a backup battery that will Non–power-limited electronic power supplies that do not
supply power in the event that the branch circuit power is supply energy directly through the use of transformers are
interrupted due to the operation of a GFCI or AFCI device. covered by Exception No. 3 to 760.24, which permits over-

current protection for the non–power-limited circuit conduc-
tors to be installed on the input side of the electronic power

760.23 NPLFA Circuit Overcurrent Protection source rather than on the output side for 2-wire circuits only.
Overcurrent protection for conductors 14 AWG and larger
shall be provided in accordance with the conductor ampacity

760.25 NPLFA Circuit Wiring Methodswithout applying the derating factors of 310.15 to the ampac-
Installation of non–power-limited fire alarm circuits shallity calculation. Overcurrent protection shall not exceed 7
be in accordance with 110.3(B), 300.11, 300.15, 300.17, andamperes for 18 AWG conductors and 10 amperes for 16
other appropriate articles of Chapter 3.AWG conductors.

Exception No. 1: As provided in 760.26 through 760.30.Exception: Where other articles of this Code permit or re-
Exception No. 2: Where other articles of this Code requirequire other overcurrent protection.
other methods.

760.24 NPLFA Circuit Overcurrent
Section 760.25 requires that the appropriate wiring methodsDevice Location
in Chapter 3 be used for non–power-limited circuits. How-Overcurrent devices shall be located at the point where the
ever, 760.25, Exception No. 1, permits special non–power-conductor to be protected receives its supply.
limited cable types to be used in place of Chapter 3 wiring

Exception No. 1: Where the overcurrent device protecting methods.
the larger conductor also protects the smaller conductor. Section 760.25 requires that devices be mounted in ac-

cordance with Chapter 3. Section 300.11(A) requires devicesException No. 2: Transformer secondary conductors.
and equipment to be securely mounted. Section 300.15(B)Non–power-limited fire alarm circuit conductors supplied
is referenced to require non–power-limited circuit termina-by the secondary of a single-phase transformer that has only
tions to be made in a box or conduit body. However,a 2-wire (single-voltage) secondary shall be permitted to be
300.15(E) permits devices with integral terminal enclosuresprotected by overcurrent protection provided by the primary
and mounting brackets to be used without a box. Devices(supply) side of the transformer, provided the protection is
must be mounted on a box or conduit body where the instruc-in accordance with 450.3 and does not exceed the value
tions or listing require the use of a box. Fire alarm systemdetermined by multiplying the secondary conductor ampac-
components such as manual fire alarm boxes are frequentlyity by the secondary-to-primary transformer voltage ratio.
tested. Therefore, secure mounting of the back box is neces-Transformer secondary conductors other than 2-wire shall
sary to ensure that the manual fire alarm device will remainnot be considered to be protected by the primary overcurrent
in place. (See Exhibit 760.4.)protection.

Exception No. 3: Electronic power source output conduc-
tors. Non–power-limited circuit conductors supplied by the 760.26 Conductors of Different Circuits in Same
output of a single-phase, listed electronic power source, Cable, Enclosure, or Raceway
other than a transformer, having only a 2-wire (single-

(A) Class 1 with NPLFACircuits Class 1 and non–power-
voltage) output for connection to non–power-limited circuits

limited fire alarm circuits shall be permitted to occupy the
shall be permitted to be protected by overcurrent protection

same cable, enclosure, or raceway without regard to whether
provided on the input side of the electronic power source,

the individual circuits are alternating current or direct cur-
provided this protection does not exceed the value deter-

rent, provided all conductors are insulated for the maximum
mined by multiplying the non–power-limited circuit conduc-

voltage of any conductor in the enclosure or raceway.
tor ampacity by the output-to-input voltage ratio. Electronic
power source outputs, other than 2-wire (single voltage), (B) Fire Alarm with Power-Supply Circuits Power-

supply and fire alarm circuit conductors shall be permittedconnected to non–power-limited circuits shall not be consid-
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760.27 Article 760 — Fire Alarm Systems

be Type KF-2, KFF-2, PAFF, PTFF, PF, PFF, PGF, PGFF,
RFH-2, RFHH-2, RFHH-3, SF-2, SFF-2, TF, TFF, TFN,
TFFN, ZF, or ZFF. Conductors with other types and thickness
of insulation shall be permitted if listed for non–power-
limited fire alarm circuit use.

FPN: For application provisions, see Table 402.3.

(C) Conductor Materials Conductors shall be solid or
stranded copper.

Exception to (B) and (C): Wire Types PAF and PTF shall
be permitted only for high-temperature applications between
90�C (194�F) and 250�C (482�F).

760.28 Number of Conductors in Cable Trays
and Raceways, and Derating
(A) NPLFA Circuits and Class 1 Circuits Where only
non–power-limited fire alarm circuit and Class 1 circuit
conductors are in a raceway, the number of conductors shall
be determined in accordance with 300.17. The derating fac-

Exhibit 760.4 Typical manual fire alarm box. tors given in 310.15(B)(2)(a) shall apply if such conductors
carry continuous load in excess of 10 percent of the ampacity

in the same cable, enclosure, or raceway only where con- of each conductor.
nected to the same equipment.

(B) Power-Supply Conductors and Fire Alarm Circuit
Conductors Where power-supply conductors and fire alarm760.27 NPLFA Circuit Conductors
circuit conductors are permitted in a raceway in accordance(A) Sizes and Use Only copper conductors shall be permit-
with 760.26, the number of conductors shall be determinedted to be used for fire alarm systems. Size 18 AWG and 16
in accordance with 300.17. The derating factors given inAWG conductors shall be permitted to be used, provided
310.15(B)(2)(a) shall apply as follows:they supply loads that do not exceed the ampacities given

in Table 402.5 and are installed in a raceway, an approved (1) To all conductors where the fire alarm circuit conductors
enclosure, or a listed cable. Conductors larger than 16 AWG carry continuous loads in excess of 10 percent of the
shall not supply loads greater than the ampacities given in ampacity of each conductor and where the total number
310.15, as applicable. of conductors is more than three

(2) To the power-supply conductors only, where the fire
alarm circuit conductors do not carry continuous loadsThe minimum size of conductors permitted to be used on

non–power-limited fire protective signaling circuits is 18 in excess of 10 percent of the ampacity of each conduc-
tor and where the number of power-supply conductorsAWG. The load must not exceed the conductor ampacities

specified in Table 402.5. is more than three
NFPA 72,National Fire Alarm Code, requires fire alarm

(C) Cable Trays Where fire alarm circuit conductors aredevice and appliance voltages to be between 85 and 110
installed in cable trays, they shall comply with 392.9 throughpercent of nominal rated voltage. Calculations should be
392.11.made to ensure that all devices or appliances will be op-

erating within these limits at full circuit load. Where future
760.30 Multiconductor NPLFA Cablescircuit extensions are anticipated, larger conductors should
Multiconductor non–power-limited fire alarm cables thatbe considered. Some manufacturers specify maximum cir-
meet the requirements of 760.81 shall be permitted to becuit loop resistances. The equipment specifications should
used on fire alarm circuits operating at 150 volts or lessbe consulted to ensure that maximum allowable loop resist-
and shall be installed in accordance with 760.30(A) andances are not exceeded.
760.30(B).

(B) Insulation Insulation on conductors shall be suitable (A) NPLFA Wiring Method Multiconductor non–power-
limited fire alarm circuit cables shall be installed in accor-for 600 volts. Conductors larger than 16 AWG shall comply

with Article 310. Conductors 18 AWG and 16 AWG shall dance with 760.30(A)(1), (A)(2), and (A)(3).
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760.41Article 760 — Fire Alarm Systems

pended ceilings used as an environmental air-handling return(1) Exposed or Fished in Concealed Spaces In raceway
or exposed on surface of ceiling and sidewalls or fished in are considered by the Code as ‘‘other spaces used for envi-

ronmental air.’’ Non–power-limited cables used in otherconcealed spaces. Cable splices or terminations shall be
made in listed fittings, boxes, enclosures, fire alarm devices, spaces used for environmental air must, however, be marked

NPLFP. [See 760.81(C).]or utilization equipment. Where installed exposed, cables
shall be adequately supported and installed in such a way that
maximum protection against physical damage is afforded
by building construction such as baseboards, door frames, Exception No. 3: Type NPLFP-CI cable shall be permitted
ledges, and so forth. Where located within 2.1 m (7 ft) of to be installed to provide a 2-hour circuit integrity rated
the floor, cables shall be securely fastened in an approved cable.
manner at intervals of not more than 450 mm (18 in.).

(3) Riser Cables installed in vertical runs and penetrating
(2) Passing Through a Floor or Wall In metal raceway more than one floor or cables installed in vertical runs in a
or rigid nonmetallic conduit where passing through a floor shaft shall be Type NPLFR. Floor penetrations requiring
or wall to a height of 2.1 m (7 ft) above the floor unless Type NPLFR shall contain only cables suitable for riser or
adequate protection can be afforded by building construction plenum use.
such as detailed in 760.30(A)(1) or unless an equivalent

Exception No. 1: Type NPLF or other cables that are speci-solid guard is provided.
fied in Chapter 3 and are in compliance with 760.27(C) and

(3) In Hoistways In rigid metal conduit, rigid nonmetallic encased in metal raceway.
conduit, intermediate metal conduit, liquidtight flexible non-

Exception No. 2: Type NPLF cables located in a fireproofmetallic conduit, or electrical metallic tubing where installed
shaft having firestops at each floor.in hoistways.

FPN: See 300.21 for firestop requirements for floor pen-Exception: As provided for in 620.21 for elevators and simi-
etrations.lar equipment.

Exception No. 3: Type NPLFR-CI cable shall be permitted(B) Applications of Listed NPLFA Cables The use of
to be installed to provide a 2-hour circuit integrity ratednon–power-limited fire alarm circuit cables shall comply
cable.with 760.30(B)(1) through (B)(4).

(1) Ducts and Plenums Multiconductor non–power- (4) Other Wiring Within Buildings Cables installed in
limited fire alarm circuit cables, Types NPLFP, NPLFR, and building locations other than the locations covered in
NPLF, shall not be installed exposed in ducts or plenums. 760.30(B)(1), (B)(2), and (B)(3) shall be Type NPLF.

Exception No. 1: Chapter 3 wiring methods with conductors
Wiring methods for non–power-limited circuits in ducts and in compliance with 760.27(C).
plenums must be in accordance with the Chapter 3 wiring

Exception No. 2: Type NPLFP or Type NPLFR cables shallmethods covered by 300.22(B). It is important to note that
be permitted.cables marked NPLFP may not be installed in plenums.
Exception No. 3: Type NPLF-CI cable shall be permittedWhile the ‘‘P’’ designation was used for consistency, the
to be installed to provide a 2-hour circuit integrity ratedhigher possible voltages and currents of non–power-limited
cable.fire alarm circuits preclude the use of the listed cables inside

plenums.
III. Power-Limited Fire Alarm

FPN: See 300.22(B). (PLFA) Circuits
(2) Other Spaces Used for Environmental Air Cables 760.41 Power Sources for PLFA Circuits
installed in other spaces used for environmental air shall be

The power source for a power-limited fire alarm circuit shallType NPLFP.
be as specified in 760.41(A), (B), or (C). These circuits shall

Exception No. 1: Types NPLFR and NPLF cables installed not be supplied through ground-fault circuit interrupters or
in compliance with 300.22(C). arc-fault circuit interrupters.
Exception No. 2: Other wiring methods in accordance with

FPN No. 1: Tables 12(A) and 12(B) in Chapter 9 provide300.22(C) and conductors in compliance with 760.27(C).
the listing requirements for power-limited fire alarm cir-
cuit sources.

Other spaces used for environmental air are covered by FPN No. 2: See 210.8(A)(5), Exception No. 3, for recep-
tacles in dwelling-unit unfinished basements that supply300.22(C) and the related fine print note. Spaces over sus-
power for fire alarm systems.
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760.42 Article 760 — Fire Alarm Systems

Also note the information contained in the fine print note(A) Transformers A listed PLFA or Class 3 transformer.
that follows 760.52(A), Exception No. 3, regarding circuit

(B) Power Supplies A listed PLFA or Class 3 power classification.
supply.

(C) Listed Equipment Listed equipment marked to iden-
(A) NPLFA Wiring Methods and Materials Installationtify the PLFA power source.
shall be in accordance with 760.25, and conductors shall be

FPN: Examples of listed equipment are a fire alarm con- solid or stranded copper.
trol panel with integral power source; a circuit card listed
for use as a PLFA source, where used as part of a listed

Section 760.52(A) requires power-limited fire alarm circuitsassembly; a current-limiting impedance, listed for the
purpose or part of a listed product, used in conjunction using non–power-limited fire alarm wiring methods and ma-
with a non–power-limited transformer or a stored energy terials to be installed in accordance with 760.25. Section
source, for example, storage battery, to limit the output 760.25 requires that non–power-limited devices be mounted
current.

in accordance with Chapter 3. Section 300.11(A) requires
these devices and equipment to be securely mounted. Section760.42 Circuit Marking
300.15(B) is also referenced to require non–power-limited

The equipment supplying PLFA circuits shall be durably circuit terminations to be made in a box or conduit body.
marked where plainly visible to indicate each circuit that is However, 300.15(E) permits devices with integral terminal
a power-limited fire alarm circuit. enclosures and mounting brackets to be used without a box.

Devices are required to be mounted on a box or conduitFPN: See 760.52(A), Exception No. 3, where a power-
limited circuit is to be reclassified as a non–power-limited body where the instructions or listing indicates the use of a
circuit. box. Fire alarm system components such as manual fire

alarm boxes are frequently tested. Secure mounting is neces-
760.51 Wiring Methods on Supply Side of the sary to ensure that they will remain in place.
PLFA Power Source
Conductors and equipment on the supply side of the power
source shall be installed in accordance with the appropriate Exception No. 1: The derating factors given in
requirements of Part II and Chapters 1 through 4. Transform- 310.15(B)(2)(a) shall not apply.
ers or other devices supplied from power-supply conductors Exception No. 2: Conductors and multiconductor cables
shall be protected by an overcurrent device rated not over described in and installed in accordance with 760.27 and
20 amperes. 760.30 shall be permitted.
Exception: The input leads of a transformer or other power Exception No. 3: Power-limited circuits shall be permitted
source supplying power-limited fire alarm circuits shall be to be reclassified and installed as non–power-limited circuits
permitted to be smaller than 14 AWG, but not smaller than if the power-limited fire alarm circuit markings required by
18 AWG, if they are not over 300 mm (12 in.) long and if 760.42 are eliminated and the entire circuit is installed using
they have insulation that complies with 760.27(B). the wiring methods and materials in accordance with Part

II, Non–Power-Limited Fire Alarm Circuits.
760.52 Wiring Methods and Materials on Load

FPN: Power-limited circuits reclassified and installed asSide of the PLFA Power Source
non–power-limited circuits are no longer power-limited

Fire alarm circuits on the load side of the power source circuits, regardless of the continued connection to a
power-limited source.shall be permitted to be installed using wiring methods and

materials in accordance with 760.52(A), 760.52(B), or a
combination of (A) and (B). Section 760.52(A) permits any of the wiring methods in

Chapter 3 to be used for power-limited circuits. In addition,
760.52(A), Exception No. 3, allows power-limited circuitsSection 760.52 has been revised for the 2005 Code. It now

permits individual power-limited circuits to be installed to be reclassified and installed in accordance with the re-
quirements for non–power-limited circuits. Where installedusing Chapter 3 wiring methods, non–power-limited fire

alarm circuit wiring methods, power-limited circuit wiring as non–power-limited circuits, the power-limited marking
must be removed from equipment, overcurrent protectionmethods, or a combination. If it is desirable to run power-

limited circuits in the same cable or raceway with must be provided in accordance with 760.23, and reclassified
circuits must maintain separation from power-limited cir-non–power-limited circuits, the power-limited circuits may

be reclassified as permitted by 760.52(A), Exception No. 3. cuits, in accordance with 760.26 and 760.54.
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760.55Article 760 — Fire Alarm Systems

(B) PLFAWiring Methods and Materials Power-limited compartment, enclosure, manhole, outlet box, device box,
raceway, or similar fitting with conductors of electric light,fire alarm conductors and cables described in 760.82 shall

be installed as detailed in 760.52(B)(1), (B)(2), or (B)(3) of power, Class 1, non–power-limited fire alarm circuits, and
medium power network-powered broadband communica-this section. Devices shall be installed in accordance with

110.3(B), 300.11(A), and 300.15. tions circuits unless permitted by 760.55(B) through
760.55(G).

Section 760.52(B) requires mechanical protection at splices
and termination points. Because failure of a circuit often Jackets of listed power-limited fire alarm cables do not have

sufficient construction specifications to permit them to beoccurs at splices or termination points, this requirement of-
fers more protection and strain relief for these cable connec- installed with electric light, power, Class 1, non–power-

limited fire alarm circuits, and medium power network-tions.
powered broadband communications cables. Failure of the
cable insulation due to a fault could lead to hazardous volt-

(1) Exposed or Fished in Concealed Spaces In raceway ages being imposed on the power-limited fire alarm circuit
or exposed on the surface of ceiling and sidewalls or fished conductors.
in concealed spaces. Cable splices or terminations shall be
made in listed fittings, boxes, enclosures, fire alarm devices,
or utilization equipment. Where installed exposed, cables (B) Separated by Barriers Power-limited fire alarm cir-
shall be adequately supported and installed in such a way that cuit cables shall be permitted to be installed together with
maximum protection against physical damage is afforded Class 1, non–power-limited fire alarm, and medium power
by building construction such as baseboards, door frames, network-powered broadband communications circuits where
ledges, and so forth. Where located within 2.1 m (7 ft) of they are separated by a barrier.
the floor, cables shall be securely fastened in an approved
manner at intervals of not more than 450 mm (18 in.). (C) Raceways Within Enclosures In enclosures, power-

limited fire alarm circuits shall be permitted to be installed
(2) Passing Through a Floor or Wall In metal raceways

in a raceway within the enclosure to separate them from
or rigid nonmetallic conduit where passing through a floor

Class 1, non–power-limited fire alarm, and medium power
or wall to a height of 2.1 m (7 ft) above the floor, unless

network-powered broadband communications circuits.
adequate protection can be afforded by building construction
such as detailed in 760.52(B)(1) or unless an equivalent (D) Associated Systems Within Enclosures Power-
solid guard is provided. limited fire alarm conductors in compartments, enclosures,

device boxes, outlet boxes, or similar fittings shall be permit-(3) In Hoistways In rigid metal conduit, rigid nonmetallic
ted to be installed with electric light, power, Class 1,conduit, intermediate metal conduit, or electrical metallic
non–power-limited fire alarm, and medium power network-tubing where installed in hoistways.
powered broadband communications circuits where they are

Exception: As provided for in 620.21 for elevators and simi- introduced solely to connect the equipment connected to
lar equipment. power-limited fire alarm circuits, and comply with either of

the following conditions:
760.54 Installation of Conductors and

(1) The electric light, power, Class 1, non–power-limitedEquipment in Cables, Compartments, Cable
fire alarm, and medium power network-powered broad-Trays, Enclosures, Manholes, Outlet Boxes,
band communications circuit conductors are routed toDevice Boxes, and Raceways for
maintain a minimum of 6 mm (0.25 in.) separation from

Power-Limited Circuits the conductors and cables of power-limited fire alarm
Conductors and equipment for power-limited fire alarm cir- circuits.
cuits shall be installed in accordance with 760.55 through (2) The circuit conductors operate at 150 volts or less to
760.58. ground and also comply with one of the following:

a. The fire alarm power-limited circuits are installed760.55 Separation from Electric Light, Power,
using Type FPL, FPLR, FPLP, or permitted substitute

Class 1, NPLFA, and Medium Power Network- cables, provided these power-limited cable conduc-
Powered Broadband Communications tors extending beyond the jacket are separated by a
Circuit Conductors minimum of 6 mm (0.25 in.) or by a nonconductive

sleeve or nonconductive barrier from all other con-(A) General Power-limited fire alarm circuit cables and
conductors shall not be placed in any cable, cable tray, ductors.
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760.56 Article 760 — Fire Alarm Systems

b. The power-limited fire alarm circuit conductors are cations circuits, or Class 3 circuits shall be permitted within
the same cable, enclosure, or raceway.installed as non–power-limited circuits in accordance

with 760.25.
(B) Class 2 Circuits with PLFA Circuits Conductors of

(E) Enclosures with Single Opening Power-limited fire one or more Class 2 circuits shall be permitted within the
alarm circuit conductors entering compartments, enclosures, same cable, enclosure, or raceway with conductors of power-
device boxes, outlet boxes, or similar fittings shall be permit- limited fire alarm circuits, provided that the insulation of
ted to be installed with electric light, power, Class 1, the Class 2 circuit conductors in the cable, enclosure, or
non–power-limited fire alarm, and medium power network- raceway is at least that required by the power-limited fire
powered broadband communications circuits where they are alarm circuits.
introduced solely to connect the equipment connected to

(C) Low-Power Network-Powered Broadband Commu-power-limited fire alarm circuits or to other circuits con-
nications Cables and PLFA Cables Low-power network-trolled by the fire alarm system to which the other conductors
powered broadband communications circuits shall be per-in the enclosure are connected. Where power-limited fire
mitted in the same enclosure or raceway with PLFA cables.alarm circuit conductors must enter an enclosure that is

provided with a single opening, they shall be permitted to
(D) Audio System Circuits and PLFA Circuits Audioenter through a single fitting (such as a tee), provided the
system circuits described in 640.9(C) and installed usingconductors are separated from the conductors of the other
Class 2 or Class 3 wiring methods in compliance with 725.54circuits by a continuous and firmly fixed nonconductor, such
and 725.61 shall not be permitted to be installed in the sameas flexible tubing.
cable or raceway with power-limited conductors or cables.

(F) In Hoistways In hoistways, power-limited fire alarm
circuit conductors shall be installed in rigid metal conduit, Section 760.56(D) is new in the 2005 Code. This section
rigid nonmetallic conduit, intermediate metal conduit, liq- prohibits audio circuits that are installed as Class 2 or Class
uidtight flexible nonmetallic conduit, or electrical metallic 3 circuits from being installed in the same cable or raceway
tubing. For elevators or similar equipment, these conductors with power-limited fire alarm wiring. A fault between audio
shall be permitted to be installed as provided in 620.21. amplifier circuits and power-limited fire alarm circuits has

the potential to impair the fire alarm system.
(G) Other Applications For other applications, power-
limited fire alarm circuit conductors shall be separated by
at least 50 mm (2 in.) from conductors of any electric light, 760.57 Conductor Size
power, Class 1, non–power-limited fire alarm, or medium

Conductors of 26 AWG shall be permitted only where splicedpower network-powered broadband communications circuits
with a connector listed as suitable for 26 AWG to 24 AWGunless one of the following conditions is met:
or larger conductors that are terminated on equipment or

(1) Either (a) all of the electric light, power, Class 1, where the 26 AWG conductors are terminated on equipment
non–power-limited fire alarm, and medium power net- listed as suitable for 26 AWG conductors. Single conductors
work-powered broadband communications circuit con- shall not be smaller than 18 AWG.
ductors or (b) all of the power-limited fire alarm circuit
conductors are in a raceway or in metal-sheathed, metal- See the commentary following 760.8.
clad, nonmetallic-sheathed, or Type UF cables.

(2) All of the electric light, power, Class 1, non–power-
limited fire alarm, and medium power network-powered 760.58 Support of Conductors
broadband communications circuit conductors are per-

Power-limited fire alarm circuit conductors shall not be
manently separated from all of the power-limited fire

strapped, taped, or attached by any means to the exterior of
alarm circuit conductors by a continuous and firmly

any conduit or other raceway as a means of support.
fixed nonconductor, such as porcelain tubes or flexible
tubing, in addition to the insulation on the conductors.

Due to a signaling method called multiplexing used with
digitally addressable fire alarm systems, power-limited fire760.56 Installation of Conductors of Different
alarm cable may contain circuit conductors as small as 26PLFA Circuits, Class 2, Class 3, and
AWG. In the past, these small conductors were typicallyCommunications Circuits in the Same Cable,
reserved for communications circuits, but due to recent tech-Enclosure, or Raceway
nological advances, they now have application within the

(A) Two or More PLFA Circuits Cable and conductors fire alarm industry. Of course, these small circuit conductors
of two or more power-limited fire alarm circuits, communi-
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760.61Article 760 — Fire Alarm Systems

are permitted to be used only as specified in 760.58 and as 760.61(B) shall be as described in either (1), (2), (3), or (4).
Type FPL-CI cable shall be permitted to be installed aspermitted by the listing or installation instructions of specific

fire alarm equipment. described in either (1), (2), (3), or (4) to provide a 2-hour
circuit integrity rated cable.

760.59 Current-Carrying Continuous Line-
Section 760.61(C) was added to the 2005 Code to permitType Fire Detectors
the use of circuit integrity cable for applications where sur-

(A) Application Listed continuous line-type fire detectors, vivability of fire alarm circuits is needed during a fire. Such
including insulated copper tubing of pneumatically operated circuits could be essential to communicating evacuation or
detectors, employed for both detection and carrying signal- relocation instructions to building occupants under fire or
ing currents shall be permitted to be used in power-limited other emergency conditions.
circuits.

(B) Installation Continuous line-type fire detectors shall
(1) Type FPL shall be permitted.

be installed in accordance with 760.42 through 760.52 and
(2) Cables shall be permitted to be installed in raceways.

760.54.
(3) Cables specified in Chapter 3 and meeting the require-

ments of 760.82(A) and 760.82(B) shall be permitted to760.61 Applications of Listed PLFA Cables
be installed in nonconcealed spaces where the exposed

PLFA cables shall comply with the requirements described length of cable does not exceed 3 m (10 ft).
in either 760.61(A), (B), or (C) or where cable substitutions (4) A portable fire alarm system provided to protect a stage
are made as shown in 760.61(D). or set when not in use shall be permitted to use wiring

methods in accordance with 530.12.
It should be noted that 760.3(A) requires the removal of

(D) Fire Alarm Cable Substitutions The substitutions foraccessible abandoned fire alarm cable. Abandoned cable
fire alarm cables listed in Table 760.61 shall be permitted.increases fire loading unnecessarily, and, where installed in
Where substitute cables are installed, the wiring require-plenums, it can affect airflow. Similar requirements can be
ments of Article 760, Parts I and III shall apply.found in Articles 640, 645, 725, 770, 800, 820, and 830.

See the definition of abandoned fire alarm cable in 760.2.

Table 760.61 Cable Substitutions

(A) Plenum Cables installed in ducts, plenums, and other
Cable Type References Permitted Substitutionsspaces used for environmental air shall be Type FPLP. Types

FPLP, FPLR, and FPL cables installed in compliance with
FPLP 760.61(A) CMP

300.22 shall be permitted. Type FPLP-CI cable shall be FPLR 760.61(B) CMP, FPLP, CMR
permitted to be installed to provide a 2-hour circuit integrity FPL 760.61(C) CMP, FPLP, CMR, FPLR,

CMG, CMrated cable.

(B) Riser Cables installed in risers shall be as described
in either (1), (2), or (3):

(1) Cables installed in vertical runs and penetrating more
than one floor, or cables installed in vertical runs in a
shaft, shall be Type FPLR. Floor penetrations requiring
Type FPLR shall contain only cables suitable for riser
or plenum use. Type FPLR-CI cable shall be permitted
to be installed to provide a 2-hour circuit integrity rated
cable.

(2) Other cables shall be installed in metal raceways or
located in a fireproof shaft having firestops at each floor.

(3) Type FPL cable shall be permitted in one- and two-
family dwellings.

FPN: See 300.21 for firestop requirements for floor pen-
etrations.

Riser

General purpose

CMR

CMP

FPLR

FPLP

CMG
CM FPL

Type CM—Communications wires and cables
Type FPL—Power-limited fire alarm cables

Cable A shall be permitted to be used in place of Cable B.A B

Multiconductor
cables

26 AWG minimum

Plenum

(C) Other Wiring Within Buildings Cables installed in
building locations other than those covered in 760.61(A) or Figure 760.61 Cable Substitution Hierarchy.
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760.81 Article 760 — Fire Alarm Systems

FPN: For information on communications cables (CMP, For further information on the fire test method for TypeCMR, CMG, CM), see 800.179.
NPLFR cables, see the commentary following 725.82(B),
FPN.IV. Listing Requirements

760.81 Listing and Marking of NPLFA Cables
(E) Type NPLF Type NPLF non–power-limited fire alarm

Non–power-limited fire alarm cables installed as wiring cable shall be listed as being suitable for general-purpose
within buildings shall be listed in accordance with 760.81(A) fire alarm use, with the exception of risers, ducts, plenums,
and 760.81(B) and as being resistant to the spread of fire and other space used for environmental air, and shall also
in accordance with 760.81(C) through 760.81(F), and shall be listed as being resistant to the spread of fire.
be marked in accordance with 760.81(G).

FPN No. 1: One method of defining resistant to the
spread of fire is that the cables do not spread fire to the(A) NPLFA Conductor Materials Conductors shall be 18
top of the tray in the vertical-tray flame test in ANSI/AWG or larger solid or stranded copper.
UL 1581-1991, Reference Standard for Electrical Wires,
Cables and Flexible Cords.(B) Insulated Conductors Insulated conductors shall be
FPN No. 2: Another method of defining resistant to thesuitable for 600 volts. Insulated conductors 14 AWG and
spread of fire is for the damage (char length) not tolarger shall be one of the types listed in Table 310.13 or one exceed 1.5 m (4 ft 11 in.) when performing the CSA

that is identified for this use. Insulated conductors 18 AWG vertical flame test for cables in cable trays, as described in
and 16 AWG shall be in accordance with 760.27. CSA C22.2 No. 0.3-M-1985, Test Methods for Electrical

Wires and Cables.
(C) Type NPLFP Type NPLFP non–power-limited fire
alarm cable for use in other space used for environmental For further information on the fire test method for Type
air shall be listed as being suitable for use in other space NPLF cables used as other wiring within buildings, see the
used for environmental air as described in 300.22(C) and commentary following 725.82(C), FPN.
shall also be listed as having adequate fire-resistant and low
smoke-producing characteristics.

(F) Fire Alarm Circuit Integrity (CI) Cable or Electrical
FPN: One method of defining low smoke-producing

Circuit Protective System Cables used for survivability ofcable is by establishing an acceptable value of the smoke
critical circuits shall be listed as circuit integrity (CI) cable.produced when tested in accordance with NFPA 262-
Cables specified in 760.81(C), (D), and (E), and used for2002, Standard Method of Test for Flame Travel and

Smoke of Wires and Cables for Use in Air-Handling circuit integrity shall have the additional classification using
Spaces, to a maximum peak optical density of 0.5 and the suffix ‘‘-CI.’’ Cables that are part of a listed electrical
a maximum average optical density of 0.15. Similarly,

circuit protective system shall be considered to meet theone method of defining fire-resistant cables is by estab-
requirements of survivability.lishing a maximum allowable flame travel distance of

1.52 m (5 ft) when tested in accordance with the same
FPN No. 1: Fire alarm circuit integrity (CI) cable andtest.
electrical circuit protective systems may be used for fire
alarm circuits to comply with the survivability require-
ments of NFPA 72�-2002, National Fire Alarm Code�,For further information on the fire test method for Type
6.9.4.3 and 6.9.4.6, that the circuit maintain its electricalNPLFP cables, see the commentary following 725.82(A),
function during fire conditions for a defined period ofFPN. Also see the commentary following 760.30(B)(2), Ex- time.

ception No. 2, which discusses spaces used for environmen- FPN No. 2: One method of defining circuit integrity (CI)
tal air. cable is by establishing a minimum 2-hour fire resistance

rating for the cable when tested in accordance with UL
2196-1995, Standard for Tests of Fire Resistive Cables.

(D) Type NPLFR Type NPLFR non–power-limited fire
alarm riser cable shall be listed as being suitable for use in Circuit integrity (CI) cable is intended to meet the perfor-
a vertical run in a shaft or from floor to floor and shall also mance requirements for survivability required by NFPA 72,
be listed as having fire-resistant characteristics capable of National Fire Alarm Code. This type of cable is designed
preventing the carrying of fire from floor to floor. to retain vital electrical performance during and immediately

after fire exposure. Circuit integrity cable, which carries theFPN: One method of defining fire-resistant characteris-
CI suffix, is considered a 2-hour-rated cable assembly andtics capable of preventing the carrying of fire from floor
is an alternative to fire-rated mineral-insulated cable (Typeto floor is that the cables pass ANSI/UL 1666-2002, Test

for Flame Propagation Height of Electrical and Optical- MI).
Fiber Cables Installed Vertically in Shafts.
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760.82Article 760 — Fire Alarm Systems

(G) NPLFACableMarkings Multiconductor non–power- shall also be listed as having adequate fire-resistant and low
smoke-producing characteristics.limited fire alarm cables shall be marked in accordance

with Table 760.81(G). Non–power-limited fire alarm circuit
FPN: One method of defining low smoke-producing

cables shall be permitted to be marked with a maximum cable is by establishing an acceptable value of the smoke
usage voltage rating of 150 volts. Cables that are listed for produced when tested in accordance with NFPA 262-

2002, Standard Method of Test for Flame Travel andcircuit integrity shall be identified with the suffix ‘‘CI’’ as
Smoke of Wires and Cables for Use in Air-Handlingdefined in 760.81(F).
Spaces, to a maximum peak optical density of 0.5 and
a maximum average optical density of 0.15. Similarly,

Table 760.81(G) NPLFA Cable Markings one method of defining fire-resistant cables is by estab-
lishing a maximum allowable flame travel distance of
1.52 m (5 ft) when tested in accordance with the sameCable
test.Marking Type Reference

NPLFP Non–power-limited fire alarm 760.31(D) and (H) For further information on the fire test method for Typecircuit cable for use in
FPLP cables, see the commentary following 725.82(A),‘‘other space used for
FPN.environmental air’’

NPLFR Non–power-limited fire alarm 760.31(E) and (H)
circuit riser cable

NPLF Non–power-limited fire alarm 760.31(F) and (H) (E) Type FPLR Type FPLR power-limited fire alarm riser
circuit cable cable shall be listed as being suitable for use in a vertical

run in a shaft or from floor to floor and shall also be listedNote: Cables identified in 760.81(C), (D), and (E) and meeting the
as having fire-resistant characteristics capable of preventingrequirements for circuit integrity shall have the additional classifica-

tion using the suffix ‘‘CI’’ (for example, NPLFP-CI, NPLFR-CI, and the carrying of fire from floor to floor.
NPLF-CI).

FPN: One method of defining fire-resistant characteris-
tics capable of preventing the carrying of fire from floor
to floor is that the cables pass the requirements of ANSI/FPN: Cable types are listed in descending order of fire
UL 1666-2002, Standard Test for Flame Propagationresistance rating.
Height of Electrical and Optical-Fiber Cable Installed
Vertically in Shafts.

760.82 Listing andMarking of PLFACables and
Insulated Continuous Line-Type Fire Detectors For further information on the fire test method for Type
Type FPL cables installed as wiring within buildings shall FPLR cables, see the commentary following 725.82(B),
be listed as being resistant to the spread of fire and other FPN.
criteria in accordance with 760.82(A) through 760.82(H)
and shall be marked in accordance with 760.82(I). Insulated

(F) Type FPL Type FPL power-limited fire alarm cablecontinuous line-type fire detectors shall be listed in accor-
shall be listed as being suitable for general-purpose firedance with 760.82(J).
alarm use, with the exception of risers, ducts, plenums, and

(A) Conductor Materials Conductors shall be solid or other spaces used for environmental air, and shall also be
stranded copper. listed as being resistant to the spread of fire.

FPN: One method of defining resistant to the spread of
Some line-type fire detectors may not be made exclusively fire is that the cables do not spread fire to the top of the

tray in the vertical-tray flame test in ANSI/UL 1581-of copper but are listed for the application nevertheless.
1991, Reference Standard for Electrical Wires, Cables
and Flexible Cords.

Another method of defining resistant to the spread
(B) Conductor Size The size of conductors in a multicon- of fire is for the damage (char length) not to exceed 1.5
ductor cable shall not be smaller than 26 AWG. Single m (4 ft 11 in.) when performing the CSA vertical flame

test for cables in cable trays, as described in CSA C22.2conductors shall not be smaller than 18 AWG.
No. 0.3-M-1985, Test Methods for Electrical Wires and
Cables.(C) Ratings The cable shall have a voltage rating of not

less than 300 volts.
For further information on the fire test method for Type

(D) Type FPLP Type FPLP power-limited fire alarm ple- FPL cables used as other wiring within buildings, see the
num cable shall be listed as being suitable for use in ducts, commentary following 725.82(C), FPN.
plenums, and other space used for environmental air and
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760.82 Article 770 — Optical Fiber Cables and Raceways

(I) Cable Marking The cable shall be marked in accor-
(G) Fire AlarmCircuit Integrity (CI) Cable or Electrical dance with Table 760.82(I). The voltage rating shall not be
Circuit Protective System Cables used for survivability of marked on the cable. Cables that are listed for circuit integrity
critical circuits shall be listed as circuit integrity (CI) cable. shall be identified with the suffix CI as defined in 760.82(G).
Cables specified in 760.82(D), (E), (F), and (H) and used

FPN: Voltage ratings on cables may be misinterpretedfor circuit integrity shall have the additional classification
to suggest that the cables may be suitable for Class 1,using the suffix ‘‘-CI.’’ Cables that are part of a listed electri-
electric light, and power applications.cal circuit protective system shall be considered to meet the

requirements of survivability. Exception: Voltage markings shall be permitted where the
cable has multiple listings and voltage marking is requiredFPN No. 1: Fire alarm circuit integrity (CI) cable and
for one or more of the listings.electrical circuit protective systems may be used for fire

alarm circuits to comply with the survivability require-
ments of NFPA 72�-2002, National Fire Alarm Code�,

Table 760.82(I) Cable Markings6.9.4.3 and 6.9.4.6, that the circuit maintain its electrical
function during fire conditions for a defined period of

Cable Marking Typetime.
FPN No. 2: One method of defining circuit integrity (CI)

FPLP Power-limited fire alarm plenum cablecable is by establishing a minimum 2-hour fire resistance
FPLR Power-limited fire alarm riser cablerating for the cable when tested in accordance with UL
FPL Power-limited fire alarm cable2196-1995, Standard for Tests of Fire Resistive Cables.

Note: Cables identified in 760.82(D), (E), and (F) as meeting the
requirements for circuit integrity shall have the additional classifica-There are provisions in NFPA 72, National Fire Alarm Code,
tion using the suffix ‘‘CI’’ (for example, FPLP-CI, FPLR-CI, andthat require continued operation of the fire alarm system, FPL-CI).

including circuit wiring, under severe conditions such as
attack by fire. To provide this integrity, NFPA 72 recognizes

FPN: Cable types are listed in descending order of fire-the use of 2-hour fire-rated cable assemblies. FPN No. 2 to
resistance rating.

760.82(G) refers to cables tested in accordance with UL
2196, Standard for Tests for Fire Resistive Cables, as an (J) Insulated Continuous Line-Type Fire Detectors In-
example of the type of wiring method that would qualify as sulated continuous line-type fire detectors shall be rated in
circuit integrity (CI) cable. For one such example of CI accordance with 760.82(C), listed as being resistant to the
cable, see Exhibit 760.5. spread of fire in accordance with 760.82(D) through

760.82(F), marked in accordance with 760.82(I), and the
jacket compound shall have a high degree of abrasion resis-
tance.

ARTICLE 770
Optical Fiber Cables and Raceways

Summary of Changes
• General restructuring of Article 770 to make it consistent

with Articles 800, 820, and 830.

• 770.12: Completely revised wording of 770.6 of 2002
NEC to become 770.12. Section 770.12(C) accepts listed

Low-smoke flame-
retardant jacket

Electrical-grade 
ceramifiable silicone

Fire barrier tape Drain wireFoil shield

optical fiber raceways as innerduct.

• 770.12(D): Revised to require firestopping of unlistedExhibit 760.5 Circuit integrity cable. (Redrawn courtesy of Rock-
outside plant innerduct at the point of entrance to a build-bestos-Suprenant Cable Corp.)
ing or structure.

• 770.113, ExceptionNo. 2:Revised to specifically identify
(H) Coaxial Cables Coaxial cables shall be permitted to the types of Chapter 3 raceways permitted to be used
use 30 percent conductivity copper-covered steel center con- with unlisted nonconductive optical fiber cables entering
ductor wire and shall be listed as Type FPLP, FPLR, or FPL a building from the outside.
cable.
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770.2Article 770 — Optical Fiber Cables and Raceways

(B) Types OFNR and OFCR• 770.133(A):Revised to permit Type ITC cable to be mixed
with nonconductive optical fiber cables in the same race- (C) Types OFNG and OFCG

(D) Types OFN and OFCway or cable tray.
770.182 Optical Fiber Raceways

(A) Plenum Optical Fiber Raceway
(B) Riser Optical Fiber Raceway
(C) General-Purpose Optical Fiber CableContents

Raceway
I. General

770.1 Scope
770.2 Definitions
770.3 Other Articles I. General

(A) Spread of Fire or Products of Combustion
770.1 Scope(B) Ducts, Plenums, and Other Air-Handling
The provisions of this article apply to the installation ofSpaces
optical fiber cables and raceways. This article does not cover770.6 Optical Fiber Cables
the construction of optical fiber cables and raceways.770.9 Types

(A) Nonconductive
(B) Conductive Article 770 permits the orderly development and use of
(C) Composite optical fiber technology in conjunction with electrical con-

770.12 Raceways for Optical Fiber Cables ductors for communications, signaling, and control circuits
in lieu of metallic conductors. The most common optical(A) Listed Chapter 3 Raceways
fiber cable used in buildings is nonconductive. (See Exhibit(B) Optical Fiber Raceways
770.1.)(C) Innerduct

Because they are not affected by electrical noise, optical(D) Entering Buildings
fiber cables may be desirable in some circumstances to trans-770.21 Access to Electrical Equipment Behind Panels
mit data or other communications where electrical noise isDesigned to Allow Access
a problem. Optical fiber cables may be nonconductive, or770.24 Mechanical Execution of Work
they may contain electrical conductors. See Exhibits 770.1II. Protection
and 770.2.770.93 Grounding of Entrance Cables

III. Cables Within Buildings
770.113 Installation and Marking of Listed Optical Fiber

Cables
770.133 Installation of Optical Fibers and Electrical

Conductors
(A) With Conductors for Electric Light, Power, Class

1, Non–Power-Limited Fire Alarm,
or Medium Power Network-Powered
Broadband Communications Circuits

(B) With Other Conductors
(C) Grounding

770.154 Applications of Listed Optical Fiber Cables and
Raceways

(A) Plenums
(B) Riser
(C) Other Wiring Within Buildings

Exhibit 770.1 An example of a nonconductive optical fiber cable.(D) Hazardous (Classified) Locations
(E) Cable Trays
(F) Cable Substitutions

770.2 DefinitionsIV. Listing Requirements
Abandoned Optical Fiber Cable. Installed optical fiber770.179 Optical Fiber Cables
cable that is not terminated at equipment other than a connec-(A) Types OFND and OFCD
tor and not identified for future use with a tag.
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770.3 Article 770 — Optical Fiber Cables and Raceways

(B) Ducts, Plenums, and Other Air-Handling Spaces
The requirements of 300.22 for electric wiring shall also
apply to installations of optical fiber cables and raceways
where they are installed in ducts or plenums or other space
used for environmental air.

Exception: As permitted in 770.154(A).

See the commentary following 300.22(B) and 300.22(C)
for more information on wiring systems installed in ducts,
plenums, or other spaces used for environmental air.

770.6 Optical Fiber Cables
Optical fiber cables transmit light for control, signaling, and
communications through an optical fiber.

770.9 Types
Optical fiber cables can be grouped into three types.Exhibit 770.2 An example of a composite optical fiber cable.

This cable also meets the requirements of Article 330 and is (A) Nonconductive These cables contain no metallic
referred to as Type MC cable. (Courtesy of AFC Cable Systems,

members and no other electrically conductive materials.Inc.)

(B) Conductive These cables contain non–current-
The definition of abandoned optical fiber cable is for use carrying conductive members such as metallic strength mem-
with 770.3(A), which requires removal of accessible aban- bers, metallic vapor barriers, and metallic armor or sheath.
doned optical fiber cable. Abandoned cable increases fire
loading unnecessarily, and, where installed in plenums, it (C) Composite These cables contain optical fibers and cur-

rent-carrying electrical conductors, and shall be permittedcan affect airflow. Similar requirements can be found in
Articles 640, 645, 725, 760, 800, 820, and 830. to contain non–current-carrying conductive members such

as metallic strength members and metallic vapor barriers.
Composite optical fiber cables shall be classified as electrical

Exposed. The circuit is in such a position that, in case of cables in accordance with the type of electrical conductors.
failure of supports and insulation, contact with another cir-
cuit may result. 770.12 Raceways for Optical Fiber Cables

FPN: See Article 100 for two other definitions of Ex- Installations of raceways shall comply with 770.12(A)
posed. through 770.12(D).

Optical Fiber Raceway. A raceway designed for enclosing (A) Listed Chapter 3 Raceways Listed optical fiber cable
and routing listed optical fiber cables. shall be permitted to be installed in any type of listed raceway

permitted in Chapter 3 where that listed raceway is installedPoint of Entrance. The point at which the cable emerges
in accordance with Chapter 3. Where optical fiber cablesfrom an external wall, from a concrete floor slab, or from
are installed within raceway without current-carrying con-a rigid metal conduit or an intermediate metal conduit
ductors, the raceway fill tables of Chapter 3 and Chapter 9grounded to an electrode in accordance with 800.100(B).
shall not apply. Where nonconductive optical fiber cables
are installed with electric conductors in a raceway, the race-770.3 Other Articles
way fill tables of Chapter 3 and Chapter 9 shall apply.Circuits and equipment shall comply with 770.3(A) and

770.3(B). Only those sections of Article 300 referenced in
Conduit fill requirements apply where the optical fiber isthis article shall apply to optical fiber cables and raceways.
installed in a raceway with electrical conductors.

(A) Spread of Fire or Products of Combustion The re-
quirements of 300.21 for electrical installations shall also

(B) Optical Fiber Raceways Listed optical fiber cableapply to installations of optical fiber cables and raceways.
The accessible portion of abandoned optical fiber cables shall be permitted to be installed in listed plenum optical

fiber raceway, listed riser optical fiber raceway, or listedshall be removed.
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770.113Article 770 — Optical Fiber Cables and Raceways

general-purpose optical fiber raceway installed in accor- II. Protection
dance with 770.154 and 362.24 through 362.56, where the 770.93 Grounding of Entrance Cables
requirements applicable to electrical nonmetallic tubing shall

Where exposed to contact with electric light or power con-apply.
ductors, the non–current-carrying metallic members of opti-

(C) Innerduct Listed plenum optical fiber raceway, listed cal fiber cables entering buildings shall be grounded as close
riser optical fiber raceway, or listed general-purpose optical to the point of entrance as practicable or shall be interrupted
fiber raceway installed in accordance with 770.154 shall be as close to the point of entrance as practicable by an insulat-
permitted to be installed as innerduct in any type of listed ing joint or equivalent device.
raceway permitted in Chapter 3.

III. Cables Within Buildings(D) Entering Buildings Unlisted underground or outside
plant construction plastic innerduct entering the building 770.113 Installation and Marking of Listed
from the outside shall be terminated and firestopped at the Optical Fiber Cables
point of entrance. Listed optical fiber cables shall be installed as wiring within

buildings. Optical fiber cables shall be marked in accordance
770.21 Access to Electrical Equipment Behind with Table 770.113.
Panels Designed to Allow Access

Table 770.113 Cable MarkingsAccess to electrical equipment shall not be denied by an
accumulation of cables that prevents removal of panels,

Cableincluding suspended ceiling panels.
Marking Type Reference

OFNP Nonconductive optical fiber 770.179(A) andSee the commentary following 725.7 for information on safe
plenum cable 770.154access to electrical equipment behind panels.

OFCP Conductive optical fiber plenum 770.179(A) and
cable 770.154(A)

OFNR Nonconductive optical fiber riser 770.179(B) and770.24 Mechanical Execution of Work cable 770.154(B)
OFCR Conductive optical fiber riser cable 770.179(B) andOptical fiber cables shall be installed in a neat and workman-

770.154(B)like manner. Cables installed exposed on the surface of
OFNG Nonconductive optical fiber 770.179(C) andceilings and sidewalls shall be supported by the building

general-purpose cable 770.154(C)
structure in such a manner that the cable will not be damaged OFCG Conductive optical fiber general- 770.179(C) and
by normal building use. Such cables shall be secured by purpose cable 770.154(C)

OFN Nonconductive optical fiber 770.179(D) andstraps, staples, hangers, or similar fittings designed and in-
general-purpose cable 770.154(C)stalled so as not to damage the cable. The installation shall

OFC Conductive optical fiber general- 770.179(D) andalso conform with 300.4(D) and 300.11.
purpose cable 770.154(C)

FPN: Accepted industry practices are described in ANSI/
NECA/BICSI 568-2001, Standard for Installing Com-
mercial Building Telecommunications Cabling, and other FPN No. 1: Cables types are listed in descending order
ANSI-approved installation standards. of fire resistance rating. Within each fire resistance rating,

nonconductive cable is listed first because it may substi-
tute for the conductive cable.Section 770.24 makes it clear that the Code requires optical
FPN No. 2: See the referenced sections for requirementsfiber cables to be installed in a neat and workmanlike manner.
and permitted uses.Revised for the 2002 Code, this section provides definitive

requirements for workmanship. Cable must be attached to Exception No. 1: Optical fiber cables shall not be required
or supported by the structure by straps, clamps, hangers, to be listed and marked where the length of the cable within
and the like. The installation method must not damage the the building, measured from its point of entrance, does not
cable. In addition, the location of the cable should be care- exceed 15 m (50 ft) and the cable enters the building from
fully evaluated to ensure that activities and processes within the outside and is terminated in an enclosure.
the building do not cause damage to the cable. The reference

FPN: Splice cases or terminal boxes, both metallic andto 300.4(D) calls attention to the hazard to which cables are
plastic types, typically are used as enclosures for splicingexposed where they are installed on framing members. Such
or terminating optical fiber cables.

cables are required to be installed in a manner that protects
Exception No. 2: Nonconductive optical fiber cables shallthem from nail or screw penetration.
not be required to be listed and marked where the cable
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770.133 Article 770 — Optical Fiber Cables and Raceways

enters the building from the outside and is run in raceway qualified persons service the installation, nonconductive op-
tical fiber cables shall be permitted with circuits exceedingsystems installed in compliance with any of the following

articles in Chapter 3: Article 342, Intermediate Metal Con- 600 volts.
duit: Type IMC; Article 344, Rigid Metal Conduit: Type Exception No. 4: In industrial establishments only, where
RMC; Article 352, Rigid Nonmetallic Conduit: Type RNC; conditions of maintenance and supervision ensure that only
and Article 358, Electrical Metallic Tubing: Type EMT. qualified persons service the installation, composite optical

fiber cables shall be permitted to contain current-carrying
770.133 Installation of Optical Fibers and conductors operating over 600 volts.
Electrical Conductors

(B) With Other Conductors Optical fibers shall be per-(A) With Conductors for Electric Light, Power, Class
mitted in the same cable, and conductive and nonconductive1, Non–Power-Limited Fire Alarm, or Medium Power
optical fiber cables shall be permitted in the same cableNetwork-Powered Broadband Communications Cir-
tray, enclosure, or raceway with conductors of any of thecuits Optical fibers shall be permitted within the same com-
following:posite cable for electric light, power, Class 1, non–power-

limited fire alarm, or medium power network-powered (1) Class 2 and Class 3 remote-control, signaling, and
broadband communications circuits operating at 600 volts power-limited circuits in compliance with Article 725
or less only where the functions of the optical fibers and (2) Power-limited fire alarm systems in compliance with
the electrical conductors are associated. Article 760

Nonconductive optical fiber cables shall be permitted (3) Communications circuits in compliance with Article
to occupy the same cable tray or raceway with conductors 800
for electric light, power, Class 1, non–power-limited fire (4) Community antenna television and radio distribution
alarm, Type ITC, or medium power network-powered broad- systems in compliance with Article 820
band communications circuits, operating at 600 volts or less. (5) Low-power network-powered broadband communica-
Conductive optical fiber cables shall not be permitted to tions circuits in compliance with Article 830
occupy the same cable tray or raceway with conductors for
electric light, power, Class 1, non–power-limited fire alarm, (C) Grounding Non–current-carrying conductive mem-
Type ITC, or medium power network-powered broadband bers of optical fiber cables shall be grounded in accordance
communications circuits. with Article 250.

Composite optical fiber cables containing only current-
carrying conductors for electric light, power, Class 1 circuits 770.154 Applications of Listed Optical Fiber
rated 600 volts or less shall be permitted to occupy the Cables and Raceways
same cabinet, cable tray, outlet box, panel, raceway, or other

Nonconductive and conductive optical fiber cables shalltermination enclosure with conductors for electric light,
comply with any of the requirements given in 770.154(A)power, or Class 1 circuits operating at 600 volts or less.
through 770.154(E) or where cable substitutions are madeNonconductive optical fiber cables shall not be permit-
as shown in 770.154(F).ted to occupy the same cabinet, outlet box, panel, or similar

enclosure housing the electrical terminations of an electric
It should be noted that 770.3(A) requires the removal oflight, power, Class 1, non–power-limited fire alarm, or me-
accessible abandoned optical fiber cable. Abandoned cabledium power network-powered broadband communications
increases fire loading unnecessarily, and, where installed incircuit.
plenums, it can affect airflow. Similar requirements can be

Exception No. 1: Occupancy of the same cabinet, outlet
found in Articles 640, 645, 725, 760, 800, 820, and 830.

box, panel, or similar enclosure shall be permitted where
See the definition of abandoned communications cable in

nonconductive optical fiber cable is functionally associated
800.2.

with the electric light, power, Class 1, non–power-limited
fire alarm, or medium power network-powered broadband
communications circuit. (A) Plenums Cables installed in ducts, plenums, and other
Exception No. 2: Occupancy of the same cabinet, outlet spaces used for environmental air shall be Type OFNP or
box, panel, or similar enclosure shall be permitted where OFCP. Abandoned cables shall not be permitted to remain.
nonconductive optical fiber cables are installed in factory- Types OFNR, OFCR, OFNG, OFN, OFCG, and OFC cables
or field-assembled control centers. installed in compliance with 300.22 shall be permitted.

Listed plenum optical fiber raceways shall be permitted toException No. 3: In industrial establishments only, where
conditions of maintenance and supervision ensure that only be installed in ducts and plenums as described in 300.22(B)
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770.179Article 770 — Optical Fiber Cables and Raceways

(F) Cable Substitutions The substitutions for optical fiberand in other spaces used for environmental air as described
in 300.22(C). Only type OFNP and OFCP cables shall be cables listed in Table 770.154 shall be permitted.
permitted to be installed in these raceways.

FPN: See 8.14.1 of NFPA 13 (2002), Installation of
Sprinkler Systems, for requirements for sprinklers in con-
cealed spaces containing exposed combustibles.

(B) Riser Cables installed in risers shall be as described
in any of the following:

(1) Cables installed in vertical runs and penetrating more
than one floor, or cables installed in vertical runs in a
shaft, shall be Type OFNR or OFCR. Floor penetrations
requiring Type OFNR or OFCR shall contain only ca-

Riser

General purpose

OFNR OFCR

OFNP OFCP

OFNG
OFN

OFCG
OFC

Cable A may be used in place of cable B.A B

Nonconductive Conductive

Plenum

bles suitable for riser or plenum use. Abandoned cables
shall not be permitted to remain. Listed riser optical

Figure 770.154 Cable Substitution Hierarchy.fiber raceways shall be permitted to be installed in verti-
cal riser runs in a shaft from floor to floor. Only Type
OFNP, OFCP, OFNR, and OFCR cables shall be permit-

IV. Listing Requirementsted to be installed in these raceways.
(2) Type OFNG, OFN, OFCG, and OFC cables shall be 770.179 Optical Fiber Cables

permitted to be encased in a metal raceway or located
Optical fiber cables shall be listed in accordance with

in a fireproof shaft having firestops at each floor.
770.179(A) through 770.179(D).

(3) Type OFNG, OFN, OFCG, and OFC cables shall be
permitted in one- and two-family dwellings. (A) Types OFNP andOFCP Types OFNP and OFCP non-

conductive and conductive optical fiber plenum cables shallFPN: See 300.21 for firestop requirements for floor pen-
be listed as being suitable for use in ducts, plenums, andetrations.
other space used for environmental air and shall also be listed

(C) Other Wiring Within Buildings Cables installed in as having adequate fire resistant and low smoke producing
building locations other than the locations covered in characteristics.
770.154(A) and 770.154(B) shall be Type OFNG, OFN,

FPN: One method of defining a cable that is low smokeOFCG, or OFC. Such cables shall be permitted to be installed
producing cable and fire-resistant cable is that the cablein listed general-purpose optical fiber raceways. exhibits a maximum peak optical density of 0.5 or less,
an average optical density of 0.15 or less, and a maximum(D) Hazardous (Classified) Locations Cables installed in flame spread distance of 1.52 m (5 ft) or less when tested

hazardous (classified) locations shall be any type indicated in accordance with NFPA 262–2002, Standard Method
in Table 770.154. of Test for Flame Travel and Smoke of Wires and Cables

for Use in Air-Handling Spaces.
Table 770.154 Cable Substitutions

For further information on the fire test method for optical
Cable Type Permitted Substitutions fiber plenum cables, see the commentary following

725.82(A), FPN.OFNP None
OFCP OFNP
OFNR OFNP

(B) Types OFNR and OFCR Types OFNR and OFCROFCR OFNP, OFCP, OFNR
OFNG, OFN OFNP, OFNR nonconductive and conductive optical fiber riser cables shall
OFCG, OFC OFNP,OFCP,OFNR,OFCR, OFNG, OFN be listed as being suitable for use in a vertical run in a shaft

or from floor to floor and shall also be listed as having
the fire-resistant characteristics capable of preventing the

(E) Cable Trays Optical fiber cables of the types listed in carrying of fire from floor to floor.
Table 770.113 shall be permitted to be installed in cable

FPN: One method of defining fire-resistant characteris-trays.
tics capable of preventing the carrying of fire from floor
to floor is that the cables pass the requirements of ANSI/FPN: It is not the intent to require that these optical fiber

cables be listed specifically for use in cable trays. UL 1666-2002, Standard Test for Flame Propagation

National Electrical Code Handbook 2005 1117

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



770.182 Article 770 — Optical Fiber Cables and Raceways

Height of Electrical and Optical-Fiber Cable Installed Plenum Raceway
Vertically in Shafts.

A raceway marked ‘‘plenum’’ is suitable for use in ducts,
plenums, or other spaces used for environmental air in accor-

For further information on the fire test method for optical dance with 770.154(A) where used to enclose optical fiber
fiber riser cables, see the commentary following 725.82(B), cables marked OFNP. This plenum raceway exhibits a maxi-
FPN. mum peak optical density of 0.5, a maximum average optical

density of 0.15, and a maximum flame-spread distance of
5 ft when tested in accordance with the plenum test in(C) Types OFNG and OFCG Types OFNG and OFCG
UL 2024, Standard for Optical Fiber Cable Raceway. Thisnonconductive and conductive general-purpose optical fiber
raceway is identified by a marking on the surface of thecables shall be listed as being suitable for general-purpose
raceway or on a marker tape indicating ‘‘plenum.’’ A race-use, with the exception of risers and plenums, and shall also
way marked ‘‘plenum’’ is also suitable for installation inbe listed as being resistant to the spread of fire.
risers where used to enclose optical fiber cables markedFPN: One method of defining resistance to the spread
OFNP or OFNR and for general-purpose use where used toof fire is for the damage (char length) not to exceed 1.5
enclose optical fiber cables marked OFNP, OFNR, OFNG,m (4 ft 11 in.) when performing the vertical flame test

for cables in cable trays, as described in CSA C22.2 or OFN.
No. 0.3-M-1985, Test Methods for Electrical Wires and
Cables. Riser Raceway

A raceway marked ‘‘riser’’ is suitable for installation in
For further information on the fire test method for optical risers in accordance with 770.154(B) where used to enclose
fiber cables used as other wiring within buildings, see the optical fiber cable marked OFNP or OFNR. This raceway
commentary following 725.82(C), FPN. has fire-resistant characteristics capable of preventing the

carrying of fire from floor to floor. Riser raceway meets the
flame propagation test requirements in UL 2024, Standard(D) Types OFN and OFC Types OFN and OFC noncon-
for Optical Fiber Cable Raceway. This raceway is identifiedductive and conductive optical fiber cables shall be listed
by a marking on the surface of the raceway or on a markeras being suitable for general-purpose use, with the exception
tape indicating ‘‘riser.’’ A raceway marked ‘‘riser’’ is alsoof risers, plenums, and other spaces used for environmental
suitable for general-purpose use when used to enclose opticalair, and shall also be listed as being resistant to the spread
fiber cable marked OFNP, OFNR, OFNG, or OFN.of fire.

FPN: One method of defining resistant to the spread of General-Purpose Raceway
fire is that the cables do not spread fire to the top of the

A raceway marked ‘‘general purpose’’ is suitable for installa-tray in the vertical-tray flame test in ANSI/UL 1581-
tion in general-purpose areas in accordance with 770.154(C)1991, Reference Standard for Electrical Wires, Cables,
where used to enclose optical fiber cable marked OFNP,and Flexible Cords.

Another method of defining resistant to the spread OFNR, OFNG, or OFN. General-purpose raceway has fire-
of fire is for the damage (char length) not to exceed 1.5 resistant characteristics that are capable of preventing the
m (4 ft 11 in.) when performing the vertical flame test

spread of fire as determined by the Vertical-Tray Flame Testfor cables in cable trays, as described in CSA C22.2
in UL 2024, Standard for Optical Fiber Raceway.No. 0.3-M-1985, Test Methods for Electrical Wires and

Pliable raceway is raceway that can be bent by handCables.
without the use of tools. The smallest radius of the curve

770.182 Optical Fiber Raceways of the inner edge of any bend to which the raceway may be
Optical fiber raceways shall be listed in accordance with bent without cracking either on the outer surface or internally
770.182(A) through 770.182(C). is not less than 21⁄2 times the outside diameter of the raceway.

The optical fiber raceways covered in 770.182 are listed
(A) Plenum Optical Fiber Raceway Plenum optical fiberraceways used in plenum, riser, or general-purpose applica-
raceways shall be listed as having adequate fire-resistanttions. This listing includes raceways and fittings for installa-
and low smoke-producing characteristics.tions of nonconductive optical fiber cables in accordance

with Article 770. These raceways are not suitable for installa-
FPN: One method of defining that an optical fiber race-tion of current-carrying conductors, cords, or cables. Nor way is a low smoke producing raceway and a fire-resis-

are these raceways suitable for installations of hybrid cables tant raceway is that the raceway exhibits a maximum
that contain optical fiber members and current-carrying con- peak optical density of 0.5 or less, an average optical

density of 0.15 or less, and a maximum flame spreadductors.
distance of 1.52 m (5 ft) or less when tested in accordance
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780.3Article 780 — Closed-Loop and Programmed Power Distribution

with the plenum test in UL 2024, Standard for Optical Buildings wired by conventional methods require sepa-
Fiber Cable Raceway. rate sets of conductors for different systems. In a smart

house, however, multiple conductors for 120-volt ac power,(B) Riser Optical Fiber Raceway Riser optical fiber race-
24-volt dc UPS, telephone, remote-control, and signaling, asways shall be listed as having fire-resistant characteristics
well as coaxial cable, are combined in a single constructioncapable of preventing the carrying of fire from floor to floor.
known as hybrid cabling.

FPN: One method of defining fire-resistant characteris- Hybrid cabling serves multipurpose receptacle outlets
tics capable of preventing the carrying of fire from floor known as convenience centers, which are capable of supply-
to floor is that the raceways pass the requirements of the ing different types of energy and signals to specific appli-
test for Flame Propagation (riser) in UL 2024, Standard

ances or equipment.for Optical Fiber Cable Raceway.
A smart house uses an energy safety technique called

closed-loop control to reduce shock hazard. In conventional(C) General-Purpose Optical Fiber Cable Raceway
wiring, receptacles are energized at all times under normalGeneral-purpose optical fiber cable raceway shall be listed
operating conditions. In the closed-loop configuration, re-as being resistant to the spread of fire.
ceptacles are not energized until the insertion of an attach-

FPN: One method of defining resistance to the spread ment plug generates a characteristic electrical identification.of fire is that the raceways pass the requirements of the
Exhibit 780.1 illustrates a typical smart house installa-Vertical-Tray Flame Test (General Use) in UL 2024,

tion. Present smart house technology uses 120/240-volts ac,Standard for Optical Fiber Cable Raceway.
with 24-volts dc UPS, to maintain system electronics in the
event of a transient or utility power outage.

ARTICLE 780
780.2 GeneralClosed-Loop and Programmed
(A) Other Articles Except as modified by the requirementsPower Distribution
of this article, all other applicable articles of this Code shall
apply.

Contents (B) Component Parts All equipment and conductors shall
780.1 Scope be listed and identified.
780.2 General

780.3 Control(A) Other Articles
The control equipment and all power switching devices oper-(B) Component Parts
ated by the control equipment shall be listed and identified.780.3 Control
The system shall operate in accordance with 780.3(A)(A) Characteristic Electrical Identification Required
through 780.3(D).(B) Conditions for De-Energization

(C) Additional Conditions for De-Energization When an (A) Characteristic Electrical Identification Required
Alternate Source of Power Is Used Outlets shall not be energized unless the utilization equip-

(D) Controller Malfunction ment first exhibits a characteristic electrical identification.
780.5 Power Limitation in Signaling Circuits
780.6 Cables and Conductors

Receptacles are energized with 120-volt ac power only when
(A) Hybrid Cable

electronic circuitry in the convenience center receives this
(B) Cables and Conductors in the Same Cabinet, Panel,

characteristic identification.
or Box

780.7 Noninterchangeability
(B) Conditions for De-Energization Outlets shall be de-
energized when any of the following conditions occur:

780.1 Scope (1) A nominal-operation acknowledgment signal is not
being received from the utilization equipment connectedThe provisions of this article apply to premise power distri-

bution systems jointly controlled by a signaling between the to the outlet.
(2) A ground-fault condition exists.energy controlling equipment and utilization equipment.

Article 780 provides requirements for the ‘‘smart house’’ Convenience center receptacles are de-energized when the
characteristic electrical identification ceases (when the at-concept, which involves universal cable terminating in uni-

versal outlets. tachment plug is withdrawn). In addition, appliances with
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780.5 Article 780 — Closed-Loop and Programmed Power Distribution

Appliances on dedicated circuitsService center

To additional
receptacle
branches

Lighting
outlet

Smoke
detector

Wall
switch

Wall
switch

Lighting
outlet

Convenience centers (receptacle outlets)

Control
panel

Security
center

Load
center

Tel.

System
control

CATVUPS
Service

entrances:
electrical,
telephone,
and CATV

Exhibit 780.1 A typical smart house installation. (Courtesy of Smart House)

built-in smart house communications chips transmit a contin- 780.6 Cables and Conductors
uous nominal-operation signal to the convenience center (A) Hybrid Cable Listed hybrid cable consisting of power,
electronics. If this signal is interrupted, indicating a possible communications, and signaling conductors shall be permit-
malfunction or safety problem, the receptacle is automati- ted under a common jacket. The jacket shall be applied so
cally de-energized. as to separate the power conductors from the communica-

tions and signaling conductors. An optional outer jacket
shall be permitted to be applied. The individual conductors(3) An overcurrent condition exists.
of a hybrid cable shall conform to the Code provisions

(C) Additional Conditions for De-EnergizationWhen an applicable to their current, voltage, and insulation rating.
Alternate Source of Power Is Used In addition to the The signaling conductors shall not be smaller than 24 AWG
requirements in 780.3(B), outlets shall be de-energized when copper.
any of the following conditions occur: (B) Cables and Conductors in the Same Cabinet, Panel,

or Box The power, communications, and signaling conduc-(1) The grounded conductor is not properly grounded.
tors of listed hybrid cable are permitted to occupy the same(2) Any ungrounded conductor is not at nominal voltage.
cabinet, panel, or outlet box (or similar enclosure housing

(D) Controller Malfunction In the event of a controller the electrical terminations of electric light or power circuits)
malfunction, all associated outlets shall be de-energized. only if connectors specifically listed for hybrid cable are

employed.
780.5 Power Limitation in Signaling Circuits

780.7 NoninterchangeabilityFor signaling circuits not exceeding 24 volts, the current
required shall not exceed 1 ampere where protected by an Receptacles, cord connectors, and attachment plugs used on

closed-loop power distribution systems shall be constructedovercurrent device or an inherently limited power source.
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780.7Article 780 — Closed-Loop and Programmed Power Distribution

or current rating than that for which the device is intended.so that they are not interchangeable with other receptacles,
cord connectors, and attachment plugs. Attachment plugs for use with closed-loop power distribu-

tion systems do not fit into conventional receptacles, which
ensures that ‘‘smart’’ appliances are not used on other powerConvenience center receptacles are constructed so that they
distribution systems that lack closed-loop control features.do not accept an attachment plug with a different voltage
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8
Communications

Systems

1124Article 800 Communications Circuits 1153Article 830 Network-Powered Broadband
Communications Systems1139Article 810 Radio and Television Equipment

1144Article 820 Community Antenna Television
and Radio Distribution Systems
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Article 800 — Communications Circuits

ARTICLE 800 800.50 Circuits Requiring Primary Protectors
(A) Insulation, Wires, and CablesCommunications Circuits
(B) On Buildings
(C) Entering Buildings

Summary of Changes 800.53 Lightning Conductors
• Reorganized and renumbered as part of an effort to achieve III. Protection

parallel structure among Articles 770, 800, 820, and 830. 800.90 Protective Devices
(A) Application• 800.2:Definitions for air duct, communications circuit in-
(B) Locationtegrity (CI) cable, and communications equipment added.
(C) Hazardous (Classified) Locations

• 800.24: Removed requirement that the cable must be sup-
(D) Secondary Protectors

ported by a structural component. Clarification added that
800.93 Cable Grounding

this section applies to ceilings regardless of which side
IV. Grounding Methods

of the ceiling is supporting the cable. Revised to apply
800.100 Cable and Primary Protector Grounding

the requirement of 300.11 to Article 800 cables. (A) Grounding Conductor
• 800.100A(4): FPN added to clarify the requirement of a (B) Electrode

20 ft maximum grounding conductor in one- and two- (C) Electrode Connection
family dwellings. (D) Bonding of Electrodes

800.106 Primary Protector Grounding and Bonding at• 800.100(D): Revised to remove permission to bond to-
Mobile Homesgether all separate electrodes.

(A) Grounding• Table 800.113: Deleted multipurpose cable Types MPP,
(B) BondingMPR, MPG, and MP.

V. Communications Wires and Cables Within Buildings• Figure 800.154: Revised to delete multipurpose cable
800.110 Raceways for Communications Wires andTypes MPP, MPR, MPG, and MP.

Cables• 800.179: Revised to delete multipurpose cable Types
800.113 Installation and Marking of CommunicationsMPP, MPR, MPG, and MP.

Wires and Cables• 800.179(H):Revised to permit a 2-hour fire-rated commu-
800.133 Installation of Communications Wires, Cables,nications circuit integrity cable.

and Equipment
(A) Separation from Other Conductors
(B) Cable Trays
(C) Support of Conductors

Contents (D) Wiring in Ducts for Dust, Loose Stock, or Vapor
I. General Removal

800.1 Scope 800.154 Applications of Listed Communications Wires
800.2 Definitions and Cables and Communications Raceways
800.3 Other Articles (A) Plenum

(A) Hybrid Power and Communications Cables (B) Riser
(B) Hazardous (Classified) Locations (C) Distributing Frames and Cross-Connect Arrays

(D) Cable Trays(C) Spread of Fire or Products of Combustion
(E) Other Wiring Within Buildings(D) Equipment in Other Space Used for
(F) Hybrid Power and Communications CableEnvironmental Air
(G) Cable Substitutions800.l8 Installation of Equipment

VI. Listing Requirements800.21 Access to Electrical Equipment Behind Panels
800.170 EquipmentDesigned to Allow Access

(A) Primary Protectors800.24 Mechanical Execution of Work
(B) Secondary ProtectorsII. Wires and Cables Outside and Entering Buildings

800.173 Drop Wire and Cable800.44 Overhead Communications Wires and Cables
800.179 Communications Wires and Cables(A) On Poles and In-Span

(A) Type CMP(B) Above Roofs
(B) Type CM800.47 Underground Circuits Entering Buildings
(C) Type CMG(A) With Electric Light or Power Conductors
(D) Type CM(B) Underground Block Distribution
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800.2Article 800 — Communications Circuits

FPN No. 1: For further information for fire alarm, sprin-
(E) Type CMX kler waterflow, and sprinkler supervisory systems, see
(F) Type CMUC Undercarpet Wire and Cable Article 760.
(G) Multipurpose (MP) Cables FPN No. 2: For installation requirements of optical fiber

cables, see Article 770.(H) Communications Circuit Integrity (CI) Cable
FPN No. 3: For installation requirements for network-(I) Wires
powered broadband communications circuits, see Article(J) Hybrid Power and Communications Cable
830.800.182 Communications Raceways

(A) Plenum Communications Raceways
800.2 Definitions(B) Riser Communications Raceways
See Article 100. For purposes of this article, the following(C) General-Purpose Communications Raceways
additional definitions apply.

Abandoned Communications Cable. Installed communi-
FPN: Rules that are followed by a reference in brackets cations cable that is not terminated at both ends at a connector
contain text that has been extracted from NFPA 97–2003, or other equipment and not identified for future use with a tag.
Standard Glossary of Terms Relating to Chimneys, Vents,
and Heat-Producing Appliances. Only editorial changes
were made to the extracted text to make it consistent The term abandoned communications cable applies to
with this Code. 800.154, which requires removal of accessible abandoned

communications cable. Abandoned cable increases fire load-
I. General ing unnecessarily, and, where installed in plenums, it can

affect airflow. Similar requirements can be found in Articles800.1 Scope
640, 645, 725, 760, 770, 820, and 830.

This article covers telephone, telegraph (except radio), out-
side wiring for fire alarm and burglar alarm, and similar
central station systems; and telephone systems not connected Air Duct. A conduit or passageway for conveying air to
to a central station system but using similar types of equip- or from heating, cooling, air conditioning, or ventilating
ment, methods of installation, and maintenance. equipment, but not including the plenum. [NFPA 97:1.2.6]

Section 90.3, Code Arrangement, states that Chapter 8, The definition of air duct was added to the 2005 Code to
which comprises Articles 800, 810, 820, and 830, covers provide a term to distinguish between electrical ducts and
communications systems and is not subject to the require- ducts that form part of an environmental air distribution
ments of Chapters 1–7 except where a requirement from system.
these chapters is specifically referenced in Chapter 8. For
instance, 800.44(A)(3) references 225.14(D), 800.90(C) ref-
erences Article 500, and 800.3(D) references 300.22(C). Block. A square or portion of a city, town, or village en-

Although information technology equipment systems closed by streets and including the alleys so enclosed, but
are often used for or with communications systems, Article not any street.
800 does not cover wiring of this equipment. Instead, Article

Cable. A factory assembly of two or more conductors hav-645 provides requirements for wiring contained solely within
ing an overall covering.an information technology equipment (computer) room. (See

645.4 for a description of the type of information technology Cable Sheath. A covering over the conductor assembly
equipment room to which Article 645 applies.) Article 725 that may include one or more metallic members, strength
provides requirements for wiring that extends beyond a com- members, or jackets.
puter room and also covers wiring of local area networks

Communications Circuit Integrity (CI) Cable. Cablewithin buildings. Article 760 covers wiring requirements for
used in communications systems to ensure continued opera-fire alarm systems.
tion of critical circuits during a specified time under fireIn some cases, telephone system wiring is also used for
conditions.data transmission; this use is covered by Article 800. Tele-

phone company central offices are exempt from the require-
ments of Article 800 by 90.2(B)(4). The format of Article The definition of communications circuit integrity (CI) cable

was added to the 2005 Code to define a term used in800 is similar to that of Articles 725, 760, 770, and 820.
Article 830 covers network-powered broadband com- 800.179(H). CI cables are used to maintain communications

throughout the entire time of an emergency. Such cablemunications systems.
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800.3 Article 800 — Communications Circuits

Exposed. A circuit that is in such a position that, in caseis intended to ensure the survivability of certain critical
communications circuits during a fire in a building. of failure of supports and insulation, contact with another

circuit may result.

FPN: See Article 100 for two other definitions of Ex-
Communications Equipment. The electronic equipment posed.
that performs the telecommunications operations for the

Point of Entrance. Within a building, the point at whichtransmission of audio, video, and data, and including power
the wire or cable emerges from an external wall, from aequipment (e.g., dc converters, inverters and batteries) and
concrete floor slab, or from a rigid metal conduit or antechnical support equipment (e.g., computers).
intermediate metal conduit grounded to an electrode in accor-
dance with 800.100(B).

The definition of communications equipment was added to
Premises. The land and buildings of a user located on thethe 2005 Code to clearly define what associated equipment
user side of the utility-user network point of demarcation.is considered part of the communications equipment. The

definition clearly indicates that the power supplies and com-
Wire. A factory assembly of one or more insulated conduc-

puters are considered part of the communications equipment
tors without an overall covering.

and thus are subject to requirements that apply to communi-
cations equipment. The telephone switch shown in Exhibit

See Article 100 for the definitions of conductor, equipment,800.1 also is considered part of telecommunications equip-
and raceway.ment and so is subject to the same requirements. The defini-

tion correlates with NFPA 76, Recommended Practice for
the Fire Protection of Telecommunications Facilities.

800.3 Other Articles
(A) Hybrid Power and Communications Cables The
provisions of 780.6 shall apply for listed hybrid power and
communications cables in closed-loop and programmed
power distribution.

See 800.179(J) for listing requirements and applications of
hybrid power and communications cable in one- and two-
family residences for other than closed-loop and pro-
grammed power distribution.

FPN: See 800.179(J) for hybrid power and communica-
tions cable in other applications.

(B) Hazardous (Classified) Locations Communications
circuits and equipment installed in a location that is classified
in accordance with Article 500 shall comply with the applica-
ble requirements of Chapter 5.

Paragraph 800.3(B) alerts users that communications circuits
installed in locations classified in accordance with Article
500 must conform to the applicable requirements of
Chapter 5.

(C) Spread of Fire or Products of Combustion Section
300.21 shall apply. The accessible portion of abandoned
communications cables shall not be permitted to remain.

Section 800.3(C) was revised for the 2005 Code for useExhibit 800.1 A private automatic branch exchange, one part
of telecommunications equipment. with the definition of abandoned communications cable in
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800.24Article 800 — Communications Circuits

800.2. Section 800.3(C) requires the removal of accessible
abandoned communications cable. Abandoned cable in-
creases fire loading unnecessarily, and, where installed in
plenums, it can affect airflow. Similar requirements can be
found in Articles 640, 645, 725, 760, 770, 820, and 830.
(See the definition of abandoned communications cable in
800.2.)

(D) Equipment in Other Space Used for Environmental
Air Section 300.22(C) shall apply.

800.18 Installation of Equipment
Equipment electrically connected to a telecommunications
network shall be listed in accordance with 800.170. Installa-
tion of equipment shall also comply with 110.3(B).

UL 1863, Communication Circuit Accessories, and UL

Hung ceiling
cavity

Signal or
telephone
cables

Hung ceiling
cavity

Signal or
telephone
cables

Method Permitted

Method Not Permitted

60950, Safety of Information Technology Equipment, Part 1:
General Requirements, are two safety standards that contain Exhibit 800.2 Installations of conductors and cables, which can
requirements for determining whether equipment connected prevent access to equipment or cables. Correct and incorrect

methods are shown.to a telecommunications network is suitable for the intended
purpose. Listed equipment that is connected to the telecom-
munications network and evaluated according to other U.S.
safety standards is also subject to telecommunications re-
quirements appropriate for the equipment. Examples of this 800.24 Mechanical Execution of Work
equipment include information technology equipment, Communications circuits and equipment shall be installed
audio-video equipment, and signaling equipment connected in a neat and workmanlike manner. Cables installed exposed
to a central station. The appropriate requirements contained on the surface of ceilings and sidewalls shall be supported
within the applicable safety standard are extracted from UL by the building structure in such a manner that the cable
1863, UL 60950, or both. will not be damaged by normal building use. Such cables

Except for test equipment, all permanently installed shall be secured by straps, staples, hangers, or similar fittings
electrical components of the communications network are designed and installed so as not to damage the cable. The
subject to the listing requirements of 800.170. installation shall also conform with 300.4(D) and 300.11.

Section 800.24 provides definitive requirements for work-
Exception: This listing requirement shall not apply to test manship. Cable must be attached to or supported by the
equipment that is intended for temporary connection to a structure by straps, clamps, hangers, and the like. The instal-
telecommunications network by qualified persons during the lation method must not damage the cable. In addition, the
course of installation, maintenance, or repair of telecommu- location of the cable must be carefully evaluated to ensure
nications equipment or systems. that activities and processes within the building do not dam-

age the cable. In the 2005 Code, there was a change to this
section to permit attachment to baseboards and non-load800.21 Access to Electrical Equipment Behind
bearing walls, which are not structural components. ThePanels Designed to Allow Access
equipment illustrated in Exhibit 800.3 is used by installers

Access to electrical equipment shall not be denied by an
of telecommunications systems to organize cables and make

accumulation of wires and cables that prevents removal of
connections in a neat and workmanlike manner.

panels, including suspended ceiling panels.

An excess accumulation of wires and cables can limit access FPN: Accepted industry practices are described in ANSI/
to equipment by preventing the removal of access panels. NECA/BICSI 568-2001, Standard for Installing Com-

mercial Building Telecommunications Cabling, and other(See Exhibit 800.2.)
ANSI-approved installation standards.
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800.44 Article 800 — Communications Circuits

(B) Above Roofs Communications wires and cables shall
have a vertical clearance of not less than 2.5 m (8 ft) from
all points of roofs above which they pass.

Exception No. 1: Auxiliary buildings, such as garages and
the like.

Exception No. 2: A reduction in clearance above only the
overhanging portion of the roof to not less than 450 mm
(18 in.) shall be permitted if (a) not more than 1.2 m (4 ft)
of communications service-drop conductors pass above the
roof overhang and (b) they are terminated at a through- or
above-the-roof raceway or approved support.

Exception No. 3: Where the roof has a slope of not less
than 100 mm in 300 mm (4 in. in 12 in.), a reduction in
clearance to not less than 900 mm (3 ft) shall be permitted.

FPN: For additional information regarding overhead
wires and cables, see ANSI C2-2002, National Electric
Safety Code, Part 2, Safety Rules for Overhead Lines.Exhibit 800.3 An example of punch blocks used on a private

automatic branch exchange.
800.47 Underground Circuits
Entering Buildings
Underground communications wires and cables enteringII. Wires and Cables Outside and buildings shall comply with 800.47(A) and 800.47(B).

Entering Buildings
(A) With Electric Light or Power Conductors Un-

800.44 Overhead Communications Wires derground communications wires and cables in a raceway,
and Cables handhole enclosure, or manhole containing electric light,
Overhead communications wires and cables entering build- power, Class 1, or non–power-limited fire alarm circuit con-
ings shall comply with 800.44(A) and 800.44(B). ductors shall be in a section separated from such conductors

by means of brick, concrete, or tile partitions or by means
(A) On Poles and In-Span Where communications wires of a suitable barrier.
and cables and electric light or power conductors are sup-
ported by the same pole or run parallel to each other in- (B) Underground Block Distribution Where the entire
span, the conditions described in 800.44(A)(1) through street circuit is run underground and the circuit within the
(A)(4) shall be met. block is placed so as to be free from the likelihood of

accidental contact with electric light or power circuits
(1) Relative Location Where practicable, the communica- of over 300 volts to ground, the insulation requirements of
tions wires and cables shall be located below the electric 800.50(A) and 800.50(C) shall not apply, insulating supports
light or power conductors. shall not be required for the conductors, and bushings shall

not be required where the conductors enter the building.(2) Attachment to Crossarms Communications wires and
cables shall not be attached to a cross-arm that carries electric

800.50 Circuits Requiring Primary Protectorslight or power conductors.
Circuits that require primary protectors as provided in 800.90

(3) Climbing Space The climbing space through commu- shall comply with 800.50(A), (B), and (C).
nications wires and cables shall comply with the require-

(A) Insulation,Wires, and Cables Communications wiresments of 225.14(D).
and cables without a metallic shield, running from the last

(4) Clearance Supply service drops of 0–750 volts running outdoor support to the primary protector, shall be listed.
above and parallel to communications service drops shall
have a minimum separation of 300 mm (12 in.) at any point (B) On Buildings Communications wires and cables in ac-

cordance with 800.50(A) shall be separated at least 100 mmin the span, including the point of and at their attachment
to the building, provided the nongrounded conductors are (4 in.) from electric light or power conductors not in a

raceway or cable or be permanently separated from conduc-insulated and that a clearance of not less than 1.0 m (40 in.)
is maintained between the two services at the pole. tors of the other system by a continuous and firmly fixed
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800.90Article 800 — Communications Circuits

nonconductor in addition to the insulation on the wires, such Telephone utility companies ordinarily provide primary pro-
as porcelain tubes or flexible tubing. Communications wires tectors where telephone lines are exposed to lightning. In-
and cables in accordance with 800.50(A) exposed to acciden- stallers of private networks that include interbuilding cable
tal contact with electric light and power conductors operating should also install primary protectors where cables are ex-
at over 300 volts to ground and attached to buildings shall posed to lightning. Generally, cable is considered to be ex-
be separated from woodwork by being supported on glass, posed to lightning unless one or more of the conditions in
porcelain, or other insulating material. FPN No. 2 exist. A primary protector is required at each end

of an interbuilding communications circuit where lightningException: Separation from woodwork shall not be required
exposure exists.where fuses are omitted as provided for in 800.90(A)(1), or

where conductors are used to extend circuits to a building
from a cable having a grounded metal sheath. FPN No. 1: On a circuit not exposed to accidental contact

with power conductors, providing a listed primary protec-
tor in accordance with this article helps protect against(C) Entering Buildings Where a primary protector is in-
other hazards, such as lightning and above-normal volt-stalled inside the building, the communications wires and
ages induced by fault currents on power circuits in prox-cables shall enter the building either through a noncombusti- imity to the communications circuit.

ble, nonabsorbent insulating bushing or through a metal FPN No. 2: Interbuilding circuits are considered to have
raceway. The insulating bushing shall not be required where a lightning exposure unless one or more of the following
the entering communications wires and cables (1) are in conditions exist:
metal-sheathed cable, (2) pass through masonry, (3) meet (1) Circuits in large metropolitan areas where buildings

are close together and sufficiently high to interceptthe requirements of 800.50(A) and fuses are omitted as
lightning.provided in 800.90(A)(1), or (A)(4) meet the requirements

(2) Interbuilding cable runs of 42 m (140 ft) or less,of 800.50(A) and are used to extend circuits to a building
directly buried or in underground conduit, where a

from a cable having a grounded metallic sheath. Raceways continuous metallic cable shield or a continuous me-
or bushings shall slope upward from the outside or, where tallic conduit containing the cable is bonded to each

building grounding electrode system.this cannot be done, drip loops shall be formed in the commu-
(3) Areas having an average of five or fewer thunder-nications wires and cables immediately before they enter

storm days per year and earth resistivity of less thanthe building.
100 ohm-meters. Such areas are found along the

Raceways shall be equipped with an approved service Pacific coast.
head. More than one communications wire and cable shall

(1) Fuseless Primary Protectors Fuseless-type primarybe permitted to enter through a single raceway or bushing.
protectors shall be permitted under any of the conditionsConduits or other metal raceways located ahead of the pri-
given in (A)(1)(a) through (A)(1)(e).mary protector shall be grounded.

(a) Where conductors enter a building through a cable
with grounded metallic sheath member(s) and where the800.53 Lightning Conductors
conductors in the cable safely fuse on all currents greaterWhere practicable, a separation of at least 1.8 m (6 ft) shall
than the current-carrying capacity of the primary protectorbe maintained between communications wires and cables
and of the primary protector grounding conductoron buildings and lightning conductors.

(b) Where insulated conductors in accordance with
800.50(A) are used to extend circuits to a building from aIII. Protection
cable with an effectively grounded metallic sheath mem-

800.90 Protective Devices ber(s) and where the conductors in the cable or cable stub,
or the connections between the insulated conductors and(A) Application A listed primary protector shall be pro-
the exposed plant, safely fuse on all currents greater thanvided on each circuit run partly or entirely in aerial wire or
the current-carrying capacity of the primary protector, or theaerial cable not confined within a block. Also, a listed pri-
associated insulated conductors and of the primary protectormary protector shall be provided on each circuit, aerial or
grounding conductorunderground, located within the block containing the build-

ing served so as to be exposed to accidental contact with (c) Where insulated conductors in accordance with
800.50(A) or 800.50(B) are used to extend circuits to aelectric light or power conductors operating at over 300

volts to ground. In addition, where there exists a lightning building from other than a cable with metallic sheath mem-
ber(s), where (1) the primary protector is listed as beingexposure, each interbuilding circuit on a premises shall be

protected by a listed primary protector at each end of the suitable for this purpose for application with circuits ex-
tending from other than a cable with metallic sheath members,interbuilding circuit. Installation of primary protectors shall

also comply with 110.3(B). and (2) the connections of the insulated conductors to the ex-
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800.93 Article 800 — Communications Circuits

posed plant or the conductors of the exposed plant safely fuse
on all currents greater than the current-carrying capacity of
the primary protector, or associated insulated conductors and
of the primary protector grounding conductor

(d) Where insulated conductors in accordance with
800.50(A) are used to extend circuits aerially to a building
from an unexposed buried or underground circuit

(e) Where insulated conductors in accordance with
800.50(A) are used to extend circuits to a building from cable
with an effectively grounded metallic sheath member(s), and
where (1) the combination of the primary protector and
insulated conductors is listed as being suitable for this pur-
pose for application with circuits extending from a cable
with an effectively grounded metallic sheath member(s), and
(2) the insulated conductors safely fuse on all currents greater
than the current-carrying capacity of the primary protector
and of the primary protector grounding conductor

The term effectively grounded (listed as Grounded, Effec-
tively) is defined in Article 100.

(2) Fused Primary Protectors Where the requirements
listed under 800.90(A)(1)(a) through (A)(1)(e) are not met,
fused-type primary protectors shall be used. Fused-type pri-
mary protectors shall consist of an arrester connected be-
tween each line conductor and ground, a fuse in series with
each line conductor, and an appropriate mounting arrange-
ment. Primary protector terminals shall be marked to indicate
line, instrument, and ground, as applicable.

(B) Location The primary protector shall be located in, on,
or immediately adjacent to the structure or building served Exhibit 800.4 A primary protector unit typically installed in com-

mercial buildings. This unit is the interface to the outside plantand as close as practicable to the point of entrance.
cable.FPN: See 800.2 for the definition of point of entrance.

Exhibit 800.4 shows an example of a primary protector unit tion as defined in Article 500 or in the vicinity of easily
typically installed in commercial buildings. Exhibit 800.5 ignitible material.
shows an example of applications of listed communications

Exception: As permitted in 501.150, 502.150, and 503.150.and multipurpose cable.

(D) Secondary Protectors Where a secondary protector is
For purposes of this section, primary protectors located installed in series with the indoor communications wire and

at mobile home service equipment located in sight from and cable between the primary protector and the equipment, it
not more than 9.0 m (30 ft) from the exterior wall of the shall be listed for the purpose in accordance with 800.170(B).
mobile home it serves, or at a mobile home disconnecting

FPN: Secondary protectors on exposed circuits are notmeans grounded in accordance with 250.32 and located in intended for use without primary protectors.
sight from and not more than 9.0 m (30 ft) from the exterior
wall of the mobile home it serves, shall be considered to 800.93 Cable Grounding
meet the requirements of this section.

The metallic sheath of communications cables entering
FPN: Selecting a primary protector location to achieve buildings shall be grounded as close as practicable to the
the shortest practicable primary protector grounding con-

point of entrance or shall be interrupted as close to the pointductor helps limit potential differences between commu-
of entrance as practicable by an insulating joint or equivalentnications circuits and other metallic systems.
device.(C) Hazardous (Classified) Locations The primary pro-

FPN: See 800.2 for the definition of point of entrance.tector shall not be located in any hazardous (classified) loca-
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800.100Article 800 — Communications Circuits

Exhibit 800.5 An example of
applications of listed communi-
cations cables.

Plenum or other
space used  for
environmental air

Basement

Outside plant
cable (not to
exceed 50 ft
within building)

Primary protector
(as close as practicable
to cable entrance)

1

2

3

4

1 CMP
(not in conduit)

2 CMR
(not in conduit)

3 CMR
(in conduit only
in plenum)

4 CM, CMG
(not in conduit
and not in same
penetration as
riser cables)

of the grounding conductor, resulting in a lower potentialIV. Grounding Methods
difference between the communications system conductors

800.100 Cable and Primary Protector and equipment and the electrical conductors and equipment
Grounding in the building. The low impedance bonding connection will

reduce the fire hazard and shock hazard to persons in theThe metallic member(s) of the cable sheath, where required
event that electric utility power lines come in contact withto be grounded by 800.93, and primary protectors shall be
communications conductors. Section 800.100(D) requiresgrounded as specified in 800.100(A) through 800.100(D).
bonding of communications and power grounding electrodes

(A) Grounding Conductor. at the same building or structure.
See the commentary following 250.52(A)(1) for infor-(1) Insulation The grounding conductor shall be insulated

mation on water pipes as grounding electrodes.and shall be listed as suitable for the purpose.

(2) Material The grounding conductor shall be copper or
other corrosion-resistant conductive material, stranded or FPN: Similar grounding conductor length limitations ap-

plied at apartment buildings and commercial buildingssolid.
help to reduce voltages that may be developed between
the building’s power and communications systems during(3) Size The grounding conductor shall not be smaller than
lightning events.14 AWG.

(4) Length The primary protector grounding conductor When the 20-ft limitation was instituted in the 2002 Code,
shall be as short as practicable. In one- and two-family the predominant application was in one- and two-family
dwellings, the primary protector grounding conductor shall dwellings; apartment and commercial buildings were specifi-
be as short as practicable, not to exceed 6.0 m (20 ft) in cally not addressed. In the 2005 Code, some guidance is
length. provided for apartment and commercial buildings, without

being overly restrictive because of intersystem bonding situ-
ations that may exist at these facilities. The FPN toFor one- and two-family dwellings, 800.100(A)(4) restricts

the length of the primary protector grounding conductor to 800.100(A)(4) provides guidance for the treatment of the
cable and primary protector grounding conductor length at20 ft. This restricted conductor length reduces the impedance
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800.106 Article 800 — Communications Circuits

(1) To any one of the individual electrodes described inapartment and commercial buildings that is consistent with
the 20-ft rule for one- and two-family dwellings. However, 250.52(A)(1), (A)(2), (A)(3), or (A)(4)

(2) If the building or structure served has no groundinga specific length is not specified in the Code because such
a length limitation may not be practical in some installations. means, as described in 800.100(B)(1) or (B)(2)(1), to an

effectively grounded metal structure or to a ground rod
or pipe not less than 1.5 m (5 ft) in length and 12.7 mm
(1⁄2 in.) in diameter, driven, where practicable, into per-Exception: In one- and two-family dwellings where it is
manently damp earth and separated from lightning con-not practicable to achieve an overall maximum primary
ductors as covered in 800.53 and at least 1.8 m (6 ft)protector grounding conductor length of 6.0 m (20 ft), a
from electrodes of other systems. Steam or hot waterseparate communications ground rod meeting the minimum
pipes or air terminal conductors (lightning-rod conduc-dimensional criteria of 800.100(B)(2)(2) shall be driven, the
tors) shall not be employed as electrodes for protectors.primary protector shall be grounded to the communications

ground rod in accordance with 800.100(C), and the commu- (C) Electrode Connection Connections to grounding elec-
nications ground rod shall be bonded to the power grounding trodes shall comply with 250.70.
electrode system in accordance with 800.100(D).

(D) Bonding of Electrodes A bonding jumper not smaller
(5) Run in Straight Line The grounding conductor shall than 6 AWG copper or equivalent shall be connected between
be run to the grounding electrode in as straight a line as the communications grounding electrode and power ground-
practicable. ing electrode system at the building or structure served where

separate electrodes are used.(6) Physical Damage Where necessary, the grounding con-
Exception: At mobile homes as covered in 800.106.ductor shall be guarded from physical damage. Where the

grounding conductor is run in a metal raceway, both ends FPN No. 1: See 250.60 for use of air terminals (lightning
of the raceway shall be bonded to the grounding conductor rods).
or the same terminal or electrode to which the grounding FPN No. 2: Bonding together of all separate electrodes

limits potential differences between them and betweenconductor is connected.
their associated wiring systems.

(B) Electrode The grounding conductor shall be connected
800.106 Primary Protector Grounding andin accordance with 800.100(B)(1) and (B)(2).
Bonding at Mobile Homes

(1) In Buildings or Structures with Grounding Means (A) Grounding Where there is no mobile home service
To the nearest accessible location on the following: equipment located in sight from, and not more than 9.0 m

(30 ft) from, the exterior wall of the mobile home it serves,(1) The building or structure grounding electrode system
or there is no mobile home disconnecting means groundedas covered in 250.50
in accordance with 250.32 and located within sight from,(2) The grounded interior metal water piping system, within
and not more than 9.0 m (30 ft) from, the exterior wall of1.5 m (5 ft) from its point of entrance to the building,
the mobile home it serves, the primary protector groundas covered in 250.52
shall be in accordance with 800.100(B)(2).(3) The power service accessible means external to enclo-

sures as covered in 250.94 (B) Bonding The primary protector grounding terminal or
(4) The metallic power service raceway grounding electrode shall be bonded to the metal frame or
(5) The service equipment enclosure available grounding terminal of the mobile home with a
(6) The grounding electrode conductor or the grounding copper grounding conductor not smaller than 12 AWG under

electrode conductor metal enclosure either of the following conditions:
(7) The grounding conductor or the grounding electrode

(1) Where there is no mobile home service equipment orof a building or structure disconnecting means that is
disconnecting means as in 800.106(A)grounded to an electrode as covered in 250.32

(2) Where the mobile home is supplied by cord and plug

For purposes of this section, the mobile home service V. Communications Wires and Cables
equipment or the mobile home disconnecting means, as de-

Within Buildingsscribed in 800.90(B), shall be considered accessible.

(2) In Buildings or Structures Without Grounding Data circuits between computers are classified as Class 2
Means If the building or structure served has no grounding circuits. In a typical office environment consisting of a group
means, as described in 800.100(B)(1), the grounding conduc- of computers connected to a local area network, data wiring
tor shall be connected to either of the following:
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800.133Article 800 — Communications Circuits

Table 800.113 Cable Markingsis as prevalent as telephone wiring. One common way to
minimize the amount of cabling is to run the telephone and

Cable Marking Type Referencedata circuits in the same cable, as illustrated in Exhibit 800.6.
Section 725.56(D) requires that either a communications CMP Communications 800.179(A) and
cable or a multipurpose cable be used for this purpose. plenum cable 800.154(A)

CMR Communications 800.179(B) and
riser cable 800.154(B)

CMG Communications 800.179(C) and
general-purpose 800.154(D) and

cable (E)(1)
CM Communications 800.179(D) and

general-purpose 800.154(D) and
cable (E)(1)

CMX Communications 800.179(E) and
cable, limited use 800.154(E)(2), (3),

(4), and (5)
CMUC Undercarpet 800.179(F) and

communications 800.154(E)(6)
wire and cable

FPN No. 1: Cable types are listed in descending order
of fire resistance rating.
FPN No. 2: See the referenced sections for permitted
uses.

Exception No. 1: Voltage markings shall be permitted where
the cable has multiple listings and voltage marking is re-

To
telcommunications

closet

Listed
communications
cable

Listed outlet
(communications
circuit
accessory)

Voice

Work area

Data

quired for one or more of the listings.
Exhibit 800.6 An example of telephone and data circuits in the Exception No. 2: Listing and marking shall not be required
same cable. where the length of the cable within the building, measured

from its point of entrance, does not exceed 15 m (50 ft)
and the cable enters the building from the outside and is

800.110 Raceways for Communications terminated in an enclosure or on a listed primary protector.
Wires and Cables FPN No. 1 to Exception No. 2: Splice cases or terminal

boxes, both metallic and plastic types, are typically usedWhere communications wires and cables are installed in a
as enclosures for splicing or terminating telephone cables.raceway, the raceway shall be either of a type permitted in
FPN No. 2 to Exception No. 2: This exception limitsChapter 3 and installed in accordance with Chapter 3 or a
the length of unlisted outside plant cable to 15 m (50 ft),

listed nonmetallic raceway complying with 800.182, and while 800.90(B) requires that the primary protector be
installed in accordance with 362.24 through 362.56, where located as close as practicable to the point at which
the requirements applicable to electrical nonmetallic tubing the cable enters the building. Therefore, in installations

requiring a primary protector, the outside plant cable mayapply.
not be permitted to extend 15 m (50 ft) into the building
if it is practicable to place the primary protector closerException: Conduit fill restrictions shall not apply.
than 15 m (50 ft) to the entrance point.

800.133 Installation of Communications Wires,800.113 Installation and Marking of
Cables, and EquipmentCommunications Wires and Cables
Communications wires and cables from the protector to theListed communications wires and cables and listed multipur-
equipment or, where no protector is required, communica-pose cables shall be installed as wiring within buildings.
tions wires and cables attached to the outside or inside of theCommunications cables and undercarpet communications
building shall comply with 800.133(A) through 800.133(D).wires shall be marked in accordance with Table 800.113.

The cable voltage rating shall not be marked on the cable
or on the undercarpet communications wire. Section 800.133 includes non–power-limited fire alarm cir-

cuits covered by Article 760 and network-powered broad-
FPN: Voltage markings on cables may be misinterpreted band communications circuits covered by Article 830.to suggest that the cables may be suitable for Class 1,
electric light, and power applications.
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800.133 Article 800 — Communications Circuits

(A) Separation from Other Conductors ductors are introduced solely for power supply to communi-
cations equipment. The power circuit conductors shall be

(1) In Raceways, Boxes, and Cables routed within the enclosure to maintain a minimum of 6
mm (0.25 in.) separation from the communications circuit(a) Other Power-Limited Circuits. Communications ca-
conductors.bles shall be permitted in the same raceway or enclosure

with cables of any of the following: Exception No. 3: As permitted by 620.36.

(2) Other Applications Communications wires and cables(1) Class 2 and Class 3 remote-control, signaling, and
shall be separated at least 50 mm (2 in.) from conductorspower-limited circuits in compliance with Article 725
of any electric light, power, Class 1, non–power-limited(2) Power-limited fire alarm systems in compliance with
fire alarm, or medium power network-powered broadbandArticle 760
communications circuits.(3) Nonconductive and conductive optical fiber cables in

compliance with Article 770 Exception No. 1: Where either (1) all of the conductors of
(4) Community antenna television and radio distribution the electric light, power, Class 1, non–power-limited fire

systems in compliance with Article 820 alarm, and medium power network-powered broadband
(5) Low-power network-powered broadband communica- communications circuits are in a raceway or in metal-

tions circuits in compliance with Article 830 sheathed, metal-clad, nonmetallic-sheathed, Type AC, or
Type UF cables, or (2) all of the conductors of communica-

(b) Class 2 and Class 3 Circuits. Class 1 circuits shall
tions circuits are encased in raceway.

not be run in the same cable with communications circuits.
Exception No. 2: Where the communications wires and ca-Class 2 and Class 3 circuit conductors shall be permitted in
bles are permanently separated from the conductors of elec-the same cable with communications circuits, in which case
tric light, power, Class 1, non–power-limited fire alarm, andthe Class 2 and Class 3 circuits shall be classified as commu-
medium power network-powered broadband communica-nications circuits and shall meet the requirements of this
tions circuits by a continuous and firmly fixed nonconductor,article. The cables shall be listed as communications cables
such as porcelain tubes or flexible tubing, in addition to theor multipurpose cables.
insulation on the wire.

Exception: Cables constructed of individually listed Class 2,
(B) Cable Trays Types CMP, CMR, CMG, and CM com-

Class 3, and communications cables under a common jacket
munications cables shall be permitted to be installed in cable

shallnotberequired tobeclassifiedascommunicationscable.
trays. Communications raceways, as described in 800.179,

The fire-resistance rating of the composite cable shall be de-
shall be permitted to be installed in cable trays.

termined by the performance of the composite cable.

(c) Electric Light, Power, Class 1, Non–Power-Limited Exhibit 800.7 shows overhead ladder–type cable tray that
Fire Alarm, and Medium Power Network-Powered Broad- contains communications cables.
band Communications Circuits in Raceways, Compart-
ments, and Boxes. Communications conductors shall not be

(C) Support of Conductors Raceways shall be used forplaced in any raceway, compartment, outlet box, junction box,
their intended purpose. Communications cables or wiresor similar fitting with conductors of electric light, power,
shall not be strapped, taped, or attached by any means toClass 1, non–power-limited fire alarm, or medium power net-
the exterior of any conduit or raceway as a means of support.work-powered broadband communications circuits.

Exception No. 1: Where all of the conductors of electric See 800.21 and 800.24, which require that communications
light, power, Class 1, non–power-limited fire alarm, and cable be supported by the building structure in such a manner
medium power network-powered broadband communica- that it will not be damaged by ordinary building use.
tions circuits are separated from all of the conductors of
communications circuits by a permanent barrier or listed

Exception: Overhead (aerial) spans of communications ca-divider.
bles or wires shall be permitted to be attached to the exterior
of a raceway-type mast intended for the attachment andThis exception recognizes the use of a listed field-installed
support of such conductors.divider to separate the communications circuits from the

power circuits.
In some instances, the only way to achieve the proper clear-
ance above roadways, driveways, or structures is by use of

Exception No. 2: Power conductors in outlet boxes, junction a mast. The exception to 800.133(C) permits overhead spans
boxes, or similar fittings or compartments where such con-
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800.154Article 800 — Communications Circuits

doned cables shall not be permitted to remain. Types CMP,
CMR, CMG, CM, and CMX and communications wire in-
stalled in compliance with 300.22 shall be permitted. Listed
plenum communications raceways shall be permitted to be
installed in ducts and plenums as described in 300.22(B)
and in other spaces used for environmental air as described
in 300.22(C). Only Type CMP cable shall be permitted to
be installed in raceways.

FPN: See 8.14.1 of NFPA 13-2002, Installation of Sprin-
kler Systems, for requirements for sprinklers in concealed
spaces containing exposed combustibles.

(B) Riser Cables installed in risers shall comply with
800.154(B)(1), (B)(2), or (B)(3).

(1) Cables in Vertical Runs Cables installed in vertical
runs and penetrating more than one floor, or cables installed

Exhibit 800.7 Overhead ladder–type cable tray containing com- in vertical runs in a shaft, shall be Type CMR. Floor penetra-
munications cables. tions requiring Type CMR shall contain only cables suitable

for riser or plenum use. Abandoned cables shall not be
of communications cable to be attached to the exterior of a permitted to remain. Listed riser communications raceways
raceway-type mast only if the mast is installed to support shall be permitted to be installed in vertical riser runs in a
communications cable. Section 230.28 prohibits the attach- shaft from floor to floor. Only Type CMR and CMP cables
ment of communications cable to a service mast. shall be permitted to be installed in these raceways.

(2) Metal Raceways or Fireproof Shafts Listed commu-
(D) Wiring in Ducts for Dust, Loose Stock, or Vapor nications cables shall be encased in a metal raceway or
Removal Section 300.22(A) shall apply. located in a fireproof shaft having firestops at each floor.

(3) One- and Two-Family Dwellings Type CM and CMX800.154 Applications of Listed Communications
cable shall be permitted in one- and two-family dwellings.Wires and Cables and Communications

Raceways FPN: See 800.3(C) for firestop requirements for floor
penetrations.Communications wires and cables shall comply with the

requirements of 800.154(A) through 800.154(F) or where (C) Distributing Frames and Cross-Connect Arrays
cable substitutions are made in accordance with 800.154(G). Listed communications wire and Types CMP, CMR, CMG,

and CM communications cables shall be used in distributing
Note that the length of unlisted outside-plant cable permitted frames and cross-connect arrays.
in a building depends on the location of the primary protec-

(D) Cable Trays Types CMP, CMR, CMG, and CM com-tor, in accordance with 800.90(B) and 800.113(C), Excep-
munications cables shall be permitted to be installed in cabletion.
trays.Section 800.154(A) covers listed plenum communica-

tions raceways. These raceways provide limited mechanical (E) Other Wiring Within Buildings Cables installed in
protection and ease of installation, but they are limited to building locations other than the locations covered in
Type CMP plenum-rated cable if installed in ducts and ple- 800.154(A) through 800.154(D) shall be in accordance with
nums. 800.154(E)(1) through (E)(6).

Section 800.154(B) covers riser raceways. Riser race-
(1) General Cables shall be Type CMG or Type CM. Listedways provide limited mechanical protection and ease of
communications general-purpose raceways shall be permit-installation, but they are limited to Type CMP plenum-rated
ted. Only Types CMG, CM, CMR, or CMP cables shall becable or Type CMR riser-rated cable if installed in risers.
permitted to be installed in general-purpose communicationsTable 800.154 lists the permitted uses of field applications
raceways.for various cable types.

(2) In Raceways Listed communications wires that are en-
closed in a raceway of a type included in Chapter 3 shall(A) Plenum Cables installed in ducts, plenums, and other

spaces used for environmental air shall be Type CMP. Aban- be permitted.
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800.170 Article 800 — Communications Circuits

(3) Nonconcealed Spaces Type CMX communications
cable shall be permitted to be installed in nonconcealed
spaces where the exposed length of cable does not exceed
3 m (10 ft).

(4) One- and Two-Family Dwellings Type CMX commu-
nications cable less than 6 mm (0.25 in.) in diameter shall
be permitted to be installed in one- and two-family dwellings.

(5) Multi-Family Dwellings Type CMX communications
cable less than 6 mm (0.25 in.) in diameter shall be permitted
to be installed in nonconcealed spaces in multi-family dwell-
ings.

(6) Under Carpets Type CMUC undercarpet communica-
tions wires and cables shall be permitted to be installed
under carpet.

Plenum

Riser

General purpose

CMR

CMXDwellings

Type CM—Communications cables

A

B

CMG
CM

CMP

Cable A shall be permitted to be used in place of cable B.

(F) Hybrid Power and Communications Cable Hybrid
Figure 800.154 Cable Substitution Hierarchy.power and communications cable listed in accordance with

800.179(I) shall be permitted to be installed in one- and
two-family dwellings.

(A) Primary Protectors The primary protector shall con-
(G) Cable Substitutions The uses and permitted substitu- sist of an arrester connected between each line conductor
tions for communications cables listed in Table 800.154 shall and ground in an appropriate mounting. Primary protector
be considered suitable for the purpose and shall be permitted. terminals shall be marked to indicate line and ground as

applicable.
Table 800.154 Cable Substitutions

FPN: One way to determine applicable requirements for
a listed primary protector is to refer to ANSI/UL 497-Cable Permitted
1995, Standard for Protectors for Paired ConductorType Use References Substitutions
Communications Circuits.

CMR Communications 800.154(B) CMP
(B) Secondary Protectors The secondary protector shallriser cable

CMG, CM Communications 800.154(E)(1) CMP, CMR be listed as suitable to provide means to safely limit currents
general- to less than the current-carrying capacity of listed indoor
purpose cable communications wire and cable, listed telephone set line

CMX Communications 800.154(E) CMP, CMR,
cords, and listed communications terminal equipment havingcable, limited CMG, CM
ports for external wire line communications circuits. Anyuse
overvoltage protection, arresters, or grounding connection

FPN: See Figure 800.154, Cable Substitution Hierarchy. shall be connected on the equipment terminals side of the
secondary protector current-limiting means.

FPN: For information on Types CMP, CMR, CMG, CM,
FPN: One way to determine applicable requirements forand CMX cables, see 800.179.
a listed secondary protector is to refer to UL 497A-1996,
Standard for Secondary Protectors for Communications

VI. Listing Requirements Circuits.

800.170 Equipment
800.173 Drop Wire and CableCommunications equipment shall be listed as being suitable
Communications wires and cables without a metallicfor electrical connection to a telecommunications network.
shield, running from the last outdoor support to the primary

FPN: One way to determine applicable requirements is protector, shall be listed as being suitable for the purpose
to refer to UL 1950-1993, Standard for Safety of Informa-

and shall have current-carrying capacity as specified intion Technology Equipment, Including Electrical Busi-
800.90(A)(1)(b) or (A)(1)(c).ness Equipment, third edition; UL 1459-1995, Standard

for Safety, Telephone Equipment, third edition; or UL
1863-1995, Standard for Safety, Communications Circuit 800.179 Communications Wires and Cables
Accessories, second edition. For information on listing

Communications wires and cables shall have a voltage ratingrequirements for communications raceways, see UL
2024-1995, Standard for Optical Fiber Raceways. of not less than 300 volts and shall be listed in accordance
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800.179Article 800 — Communications Circuits

(C) Type CMG Type CMG general-purpose communica-with 800.179(A) through 800.179(J). Conductors in commu-
nications cables, other than in a coaxial cable, shall be tions cable shall be listed as being suitable for general-

purpose communications use, with the exception of riserscopper.
and plenums, and shall also be listed as being resistant to
the spread of fire.Section 800.179 requires a rating of 300 volts for the follow-

ing reasons:
See the commentary following 725.82(C), FPN, for informa-1. To coordinate with protector installation requirements
tion on the UL vertical tray flame test.(i.e., protectors are not required within a block unless

the cable is exposed to over 300 volts)
2. To recognize the fact that primary protectors are de- FPN: One method of defining resistant to the spread of

signed to allow voltages below 300 to pass fire is for the damage (char length) not to exceed 1.5 m
(4 ft 11 in.) when performing the vertical flame test for3. To accommodate the voltages ordinarily found on a
cables in cable trays, as described in CSA C22.2 No. 0.3-telephone line (48 volts dc plus ringing voltage up to
M-1985, Test Methods for Electrical Wires and Cables.130 volts rms)

4. To permit communications cable to substitute for 300- (D) Type CM Type CM communications cable shall be
volt power-limited fire-protective signaling cable listed as being suitable for general-purpose communications

use, with the exception of risers and plenums, and shall also
be listed as being resistant to the spread of fire.FPN: See 800.170 for listing requirement for equipment.

(A) Type CMP Type CMP communications plenum cable See the commentary following 725.82(D), FPN, for informa-
shall be listed as being suitable for use in ducts, plenums, tion on test methods for determining whether cable is resis-
and other spaces used for environmental air and shall also tant to the spread of fire.
be listed as having adequate fire-resistant and low smoke-
producing characteristics.

FPN: One method of defining resistant to the spread of
fire is that the cables do not spread fire to the top of theSee the commentary following 725.82(A), FPN, for informa-
tray in the vertical-tray flame test in ANSI/UL 1581-tion on a test method for wires and cables to be installed 1991, Reference Standard for Electrical Wires, Cables

without raceways in plenums and other spaces used for and Flexible Cords. Another method of defining resistant
environmental air. to the spread of fire is for the damage (char length) not

to exceed 1.5 m (4 ft 11 in.) when performing the vertical
flame test for cables in cable trays, as described in CSA
C22.2 No. 0.3-M-1985, Test Method for Electrical WiresFPN: One method of defining a cable that is low smoke-
and Cables.producing cable and fire-resistant cable is that the cable

exhibits a maximum peak optical density of 0.5 or less,
(E) Type CMX Type CMX limited-use communicationsan average optical density of 0.15 or less, and a maximum

flame spread distance of 1.52 m (5 ft) or less when tested cable shall be listed as being suitable for use in dwellings
in accordance with NFPA 262-2002, Standard Method and for use in raceway and shall also be listed as being
of Test for Flame Travel and Smoke of Wires and Cables resistant to flame spread.for Use in Air-Handling Spaces.

FPN: One method of determining that cable is resistant(B) Type CMR Type CMR communications riser cable to flame spread is by testing the cable to the VW-1
shall be listed as being suitable for use in a vertical run in (vertical-wire) flame test in ANSI/UL 1581-1991, Refer-
a shaft or from floor to floor and shall also be listed as ence Standard for Electrical Wires, Cables and Flexible

Cords.having fire-resistant characteristics capable of preventing
the carrying of fire from floor to floor.

(F) Type CMUC Undercarpet Wire and Cable Type
CMUC undercarpet communications wire and cable shall

See the commentary following 725.82(B), FPN, for informa- be listed as being suitable for undercarpet use and shall also
tion on a test for defining fire-resistant characteristics capa- be listed as being resistant to flame spread.
ble of preventing fire spread from floor to floor.

FPN: One method of determining that cable is resistant
to flame spread is by testing the cable to the VW-1
(vertical-wire) flame test in ANSI/UL 1581-1991, Refer-FPN: One method of defining fire-resistant characteris-
ence Standard for Electrical Wires, Cables and Flexibletics capable of preventing the carrying of fire from floor
Cords.to floor is that the cables pass the requirements of ANSI/

UL 1666-2002, Standard Test for Flame Propagation
(G) Multipurpose (MP) Cables Until July 1, 2003, cablesHeight of Electrical and Optical-Fiber Cable Installed

Vertically in Shafts. that meet the requirements for Types CMP, CMR, CMG,
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800.182 Article 800 — Communications Circuits

and CM and also satisfy the requirements of 760.82(B) for 800.182 Communications Raceways
multiconductor cables and 760.82(H) for coaxial cables shall Communications raceways shall be listed in accordance with
be permitted to be listed and marked as multipurpose cable 800.182(A) through 800.182(C).
Types MPP, MPR, MPG, and MP, respectively.

(A) Plenum Communications Raceways Plenum com-
munications raceways listed as plenum optical fiber race-

The deletion of stranding requirements for fire alarm cable ways shall be permitted for use in ducts, plenums, and other
resulted in an increased number of copper communications spaces used for environmental air and shall also be listed
cables, such as Types MPP, MPR, MPG, and MP, that qualify as having adequate fire-resistant and low smoke-producing
for listing as multipurpose cable. characteristics.

FPN: One method of defining that an optical fiber race-
way is a low smoke producing raceway and a fire-

(H) Communications Circuit Integrity (CI) Cable Ca- resistant raceway is that the raceway exhibits a maximum
bles suitable for use in communications systems to ensure peak optical density of 0.5 or less, an average optical

density of 0.15 or less, and a maximum flame spreadsurvivability of critical circuits during a specified time under
distance of 1.52 m (5 ft) or less when tested in accordancefire conditions shall be listed as circuit integrity (CI) cable.
with the plenum test in UL 2024, Standard for Optical

Cables identified in 800.90(A), (B), (C), (D), and (E) that Fiber Cable Raceway.
meet the requirements for circuit integrity shall have the

(B) Riser Communications Raceways Riser communica-additional classification using the suffix ‘‘CI.’’
tions raceways shall be listed as having adequate fire-
resistant characteristics capable of preventing the carryingFPN: One method of defining circuit integrity (CI) cable

is by establishing a minimum 2-hour fire resistance rating of fire from floor to floor.
for the cable when tested in accordance with UL 2196-

FPN: One method of defining fire-resistant characteris-1995, Standard for Tests of Fire Resistive Cables.
tics capable of preventing the carrying of fire from floor
to floor is that the raceways pass the requirements of the

(I) Communications Wires Communications wires, such test for Flame Propagation (riser) in UL 2024, Standard
as distributing frame wire and jumper wire, shall be listed for Optical Fiber Cable Raceway.
as being resistant to the spread of fire. (C) General-Purpose Communications Raceways Gen-

eral-purpose communications raceways shall be listed asFPN: One method of defining resistant to the spread of
being resistant to the spread of fire.fire is that the cables do not spread fire to the top of the

tray in the vertical-tray flame test in ANSI/UL 1581-
1991, Reference Standard for Electrical Wires, Cables The communications raceways covered in 800.182(A)and Flexible Cords. Another method of defining resistant

through (C) are listed raceways used in plenum, riser, orto the spread of fire is for the damage (char length) not
general-purpose applications. This listing includes racewaysto exceed 1.5 m (4 ft 11 in.) when performing the vertical

flame test for cables in cable trays, as described in CSA and fittings for the installation of communications cable in
C22.2 No. 0.3-M-1985, Test Methods for Electrical Wires accordance with Article 800. These raceways are not suitable
and Cables. for installation of wires, cords, or cabling with or without

communications members.
(J) Hybrid Power and Communications Cable Listed

A raceway marked ‘‘plenum’’ is suitable for use in
hybrid power and communications cable shall be permitted

ducts, plenums, or other spaces used for environmental air
where the power cable is a listed Type NM or NM-B con-

in accordance with 800.154(A) when used to enclose com-
forming to the provisions of Article 334, and the communica-

munications cable marked CMP. This raceway exhibits a
tions cable is a listed Type CM, the jackets on the listed

maximum peak optical density of 0.5, a maximum average
NM or NM-B and listed CM cables are rated for 600 volts

optical density of 0.15, and a maximum flame-spread dis-
minimum, and the hybrid cable is listed as being resistant

tance of 5 ft when tested in accordance with UL 2024,
to the spread of fire.

Standard for Optical-Fiber Cable Raceway. This raceway
is identified by a marking on its surface or on a marker tapeFPN: One method of defining resistant to the spread of
indicating ‘‘plenum.’’ A raceway marked ‘‘plenum’’ is alsofire is that the cables do not spread fire to the top of the

tray in the vertical-tray flame test in ANSI/UL 1581- suitable for installation in risers when used to enclose com-
1991, Reference Standard for Electrical Wires, Cables munications cable marked CMP or CMR; for general-
and Flexible Cords. Another method of defining resistant purpose use when used to enclose communications cable
to the spread of fire is for the damage (char length) not

marked CMP, CMR, CMG, or CM; and for dwellings whento exceed 1.5 m (4 ft 11 in.) when performing the vertical
used to enclose communications cable marked CMP, CMR,flame test for cables in cable trays, as described in CSA

C22.2 No. 0.3-M-1985, Test Methods for Electrical Wires CMG, CM, or CMX.
and Cables.
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810.1Article 810 — Radio and Television Equipment

A raceway marked ‘‘riser’’ is suitable for installation
810.17 Size of Lead-in—Receiving Stationin risers in accordance with 800.154(B) when used to enclose
810.18 Clearances—Receiving Stationscommunications cable marked CMP or CMR. This raceway

(A) Outside of Buildingshas fire-resistant characteristics capable of preventing the
(B) Antennas and Lead-ins—Indoorscarrying of fire from floor to floor, and it meets the test
(C) In Boxes or Other Enclosuresrequirements of UL 2024, Standard for Optical-Fiber Cable

810.19 Electric Supply Circuits Used in Lieu ofRaceway. This raceway is identified by a marking on its
Antenna—Receiving Stationssurface or on a marker tape indicating ‘‘riser.’’ A raceway

810.20 Antenna Discharge Units—Receiving Stationsmarked ‘‘riser’’ is also suitable for general-purpose use when
(A) Where Requiredused to enclose communications cable marked CMP, CMR,
(B) LocationCMG, or CM, and for dwellings when used to enclose com-
(C) Groundingmunications cable marked CMP, CMR, CMG, CM, or CMX.

810.21 Grounding Conductors—Receiving StationsA raceway marked ‘‘general purpose’’ is suitable for
(A) Materialinstallation in general-purpose areas in accordance with
(B) Insulation800.154(D) when used to enclose communications cable
(C) Supportsmarked CMP, CMR, CMG, or CM, and for dwellings when
(D) Mechanical Protectionused to enclose communications cable marked CMP, CMR,
(E) Run in Straight LineCMG, CM, or CMX.
(F) ElectrodePliable raceway is raceway that can be bent by hand
(G) Inside or Outside Buildingwithout the use of tools. The smallest radius of the curve
(H) Sizeof the inner edge of any bend to which the raceway can be
(I) Common Groundbent without cracking either on the outer surface or internally
(J) Bonding of Electrodesis not less than 21⁄2 times the outside diameter of the raceway.

(K) Electrode Connection
III. Amateur Transmitting and Receiving

Stations—Antenna Systems
FPN: One method of defining resistance to the spread

810.51 Other Sectionsof fire is that the raceways pass the requirements of the
810.52 Size of AntennaVertical-Tray Flame Test (General Use) in UL 2024,

Standard for Optical Fiber Cable Raceway. 810.53 Size of Lead-in Conductors
810.54 Clearance on Building
810.55 Entrance to Building
810.56 Protection Against Accidental ContactARTICLE 810
810.57 Antenna Discharge Units—TransmittingRadio and Television Equipment Stations
810.58 Grounding Conductors—Amateur Transmitting

and Receiving StationsContents
(A) Other Sections

I. General (B) Size of Protective Grounding Conductor
810.1 Scope (C) Size of Operating Grounding Conductor
810.2 Definitions IV. Interior Installation—Transmitting Stations
810.3 Other Articles 810.70 Clearance from Other Conductors
810.4 Community Television Antenna 810.71 General
810.5 Radio Noise Suppressors (A) Enclosing

II. Receiving Equipment—Antenna Systems (B) Grounding of Controls
810.11 Material (C) Interlocks on Doors
810.12 Supports
810.13 Avoidance of Contacts with Conductors of

Other Systems I. General
810.14 Splices 810.1 Scope
810.15 Grounding

This article covers antenna systems for radio and television810.16 Size of Wire-Strung Antenna—Receiving
receiving equipment, amateur radio transmitting and receiv-Station
ing equipment, and certain features of transmitter safety.(A) Size of Antenna Conductors
This article covers antennas such as multi-element, vertical(B) Self-Supporting Antennas
rod, and dish, and also covers the wiring and cabling that
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810.2 Article 810 — Radio and Television Equipment

connects them to equipment. This article does not cover 810.12 Supports
equipment and antennas used for coupling carrier current to Outdoor antennas and lead-in conductors shall be securely
power line conductors. supported. The antennas or lead-in conductors shall not be

attached to the electric service mast. They shall not be
Article 810 covers wiring requirements for television and attached to poles or similar structures carrying open electric
radio receiving equipment, specifically including digital sat- light or power wires or trolley wires of over 250 volts be-
ellite receiving equipment for television signals, and wiring tween conductors. Insulators supporting the antenna conduc-
for amateur radio equipment. Chapters 1 through 4 cover tors shall have sufficient mechanical strength to safely
wiring for the power supply. Article 640 contains require- support the conductors. Lead-in conductors shall be securely
ments for sound distribution systems. The interior wiring of attached to the antennas.
coaxial cable is covered by Article 820.

810.13 Avoidance of Contacts with Conductors
of Other Systems810.2 Definitions
Outdoor antennas and lead-in conductors from an antennaFor definitions applicable to this article, see Article 100.
to a building shall not cross over open conductors of electric
light or power circuits and shall be kept well away from all

In accordance with 90.3, the articles in Chapter 8 are not such circuits so as to avoid the possibility of accidental
subject to the requirements contained in the other articles contact. Where proximity to open electric light or power
of the Code unless specifically referenced. Section 810.2 service conductors of less than 250 volts between conductors
clearly states that the definitions in Article 100 also apply cannot be avoided, the installation shall be such as to provide
to Article 810. a clearance of at least 600 mm (2 ft).

Where practicable, antenna conductors shall be in-
stalled so as not to cross under open electric light or810.3 Other Articles
power conductors.

Wiring from the source of power to and between devices
connected to the interior wiring system shall comply with

One of the leading causes of electric shock and electrocution,
Chapters 1 through 4 other than as modified by Parts I

according to statistical reports, is the accidental contact of
and II of Article 640. Wiring for audio signal processing,

radio, television, and amateur radio transmitting and receiv-
amplification, and reproduction equipment shall comply

ing antennas and equipment with light or power conductors.
with Article 640. Coaxial cables that connect antennas to

Extreme caution should be exercised during this type of
equipment shall comply with Article 820.

installation, and periodic visual inspections should be con-
ducted thereafter.

810.4 Community Television Antenna
The antenna shall comply with this article. The distribution
system shall comply with Article 820. 810.14 Splices

Splices and joints in antenna spans shall be made mechani-
810.5 Radio Noise Suppressors cally secure with approved splicing devices or by such other
Radio interference eliminators, interference capacitors, or means as will not appreciably weaken the conductors.
noise suppressors connected to power-supply leads shall
be of a listed type. They shall not be exposed to physical Section 810.14 requires that splices and joints be made with
damage. approved connectors or other means that provide sufficient

mechanical strength so that conductors are not weakened
II. Receiving Equipment — appreciably, a condition that could cause them to break and
Antenna Systems come into contact with higher-voltage conductors. Conduc-

tor spans from antennas must be of sufficient size and810.11 Material
strength to maintain clearances and avoid possible contact

Antennas and lead-in conductors shall be of hard-drawn with light or power conductors.
copper, bronze, aluminum alloy, copper-clad steel, or other
high-strength, corrosion-resistant material.

810.15 GroundingException: Soft-drawn or medium-drawn copper shall be
permitted for lead-in conductors where the maximum span Masts and metal structures supporting antennas shall be

grounded in accordance with 810.21.between points of support is less than 11 m (35 ft).
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810.20Article 810 — Radio and Television Equipment

in the case of circuits not over 150 volts between conductors,810.16 Size of Wire-Strung Antenna —
where all conductors involved are supported so as to ensureReceiving Station
permanent separation, the clearance shall be permitted to be(A) Size of Antenna Conductors Outdoor antenna con-
reduced but shall not be less than 100 mm (4 in.). Theductors for receiving stations shall be of a size not less than
clearance between lead-in conductors and any conductorgiven in Table 810.16(A).
forming a part of a lightning rod system shall not be less
than 1.8 m (6 ft) unless the bonding referred to in 250.60Table 810.16(A) Size of Receiving Station Outdoor Antenna
is accomplished. Underground conductors shall be separatedConductors
at least 300 mm (12 in.) from conductors of any light or

Minimum Size of Conductors (AWG) power circuits or Class 1 circuits.
Where Maximum Open Span Length Is

Exception: Where the electric light or power conductors,
11 m to Class 1 conductors, or lead-in conductors are installed in

Less Than 45 m (35 ft Over 45 m raceways or metal cable armor.
Material 11 m (35 ft) to 150 ft) (150 ft)

(B) Antennas and Lead-ins — Indoors Indoor antennas
Aluminum alloy, 19 14 12

and indoor lead-ins shall not be run nearer than 50 mm (2 in.)hard-drawn
to conductors of other wiring systems in the premises.copper

Copper-clad steel, 20 17 14 Exception No. 1: Where such other conductors are in metal
bronze, or other raceways or cable armor.high-strength
material Exception No. 2: Where permanently separated from such

other conductors by a continuous and firmly fixed noncon-
ductor, such as porcelain tubes or flexible tubing.

(B) Self-Supporting Antennas Outdoor antennas, such as
(C) In Boxes or Other Enclosures Indoor antennas and

vertical rods, dishes, or dipole structures, shall be of
indoor lead-ins shall be permitted to occupy the same box

corrosion-resistant materials and of strength suitable to with-
or enclosure with conductors of other wiring systems where

stand ice and wind loading conditions and shall be located
separated from such other conductors by an effective perma-

well away from overhead conductors of electric light and
nently installed barrier.

power circuits of over 150 volts to ground, so as to avoid
the possibility of the antenna or structure falling into or

810.19 Electric Supply Circuits Used in Lieu ofmaking accidental contact with such circuits.
Antenna — Receiving Stations
Where an electric supply circuit is used in lieu of an antenna,Section 810.16(B) includes dish-type (parabolic) antennas.
the device by which the radio receiving set is connected to
the supply circuit shall be listed.

810.17 Size of Lead-in — Receiving Station
The approved connecting device is usually a small, fixedLead-in conductors from outside antennas for receiving sta-
capacitor connecting the antenna terminal of the receivertions shall, for various maximum open span lengths, be of
and one wire of the supply circuit. As is the case with mostsuch size as to have a tensile strength at least as great as
receivers, the capacitor should be designed for operation atthat of the conductors for antennas as specified in 810.16.
not less than 300 volts. This rating ensures a high degreeWhere the lead-in consists of two or more conductors that
of safety and minimizes the possibility of a breakdown inare twisted together, are enclosed in the same covering, or
the capacitor, thereby avoiding a short circuit to groundare concentric, the conductor size shall, for various maxi-
through the antenna coil of the set.mum open span lengths, be such that the tensile strength of

the combination is at least as great as that of the conductors
for antennas as specified in 810.16.

810.20 Antenna Discharge Units —
Receiving Stations

810.18 Clearances — Receiving Stations
(A) Where Required Each conductor of a lead-in from an

(A) Outside of Buildings Lead-in conductors attached to
outdoor antenna shall be provided with a listed antenna

buildings shall be installed so that they cannot swing closer
discharge unit.

than 600 mm (2 ft) to the conductors of circuits of 250 volts
or less between conductors, or 3.0 m (10 ft) to the conductors Exception: Where the lead-in conductors are enclosed in a

continuous metallic shield that either is permanently andof circuits of over 250 volts between conductors, except that
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810.21 Article 810 — Radio and Television Equipment

effectively grounded or is protected by an antenna discharge of the raceway shall be bonded to the grounding conductor
or to the same terminal or electrode to which the groundingunit.
conductor is connected.

(B) Location Antenna discharge units shall be located out-
side the building or inside the building between the point

If metal enclosures such as steel conduit are used to enclose
of entrance of the lead-in and the radio set or transformers

the grounding conductor, bonding must be provided at both
and as near as practicable to the entrance of the conductors

ends to ensure an adequate low-impedance current path.
to the building. The antenna discharge unit shall not be
located near combustible material or in a hazardous (classi-
fied) location as defined in Article 500. (E) Run in Straight Line The grounding conductor for an

antenna mast or antenna discharge unit shall be run in as
An antenna discharge unit (lightning arrester) is not required straight a line as practicable from the mast or discharge unit
if the lead-in conductors are enclosed in a continuous metal to the grounding electrode.
shield, such as rigid or intermediate metal conduit, electrical

(F) Electrode The grounding conductor shall be connectedmetallic tubing, or any metal raceway or metal-shielded
as follows:cable that is effectively grounded. A lightning discharge will

take the path of lower impedance and jump from the lead-
in conductors to the metal raceway or shield rather than take See the commentary following 250.52(A)(1).
the path through the antenna coil of the receiver.

(1) To the nearest accessible location on the following:
(C) Grounding The antenna discharge unit shall be

a. The building or structure grounding electrode systemgrounded in accordance with 810.21.
as covered in 250.50

b. The grounded interior metal water piping systems,
810.21 Grounding Conductors —

within 1.52 m (5 ft) from its point of entrance to the
Receiving Stations building, as covered in 250.52
Grounding conductors shall comply with 810.21(A) through c. The power service accessible means external to the
810.21(K). building, as covered in 250.94

d. The metallic power service raceway
(A) Material The grounding conductor shall be of copper, e. The service equipment enclosure, or
aluminum, copper-clad steel, bronze, or similar corrosion- f. The grounding electrode conductor or the grounding
resistant material. Aluminum or copper-clad aluminum electrode conductor metal enclosures; or
grounding conductors shall not be used where in direct con-

(2) If the building or structure served has no groundingtact with masonry or the earth or where subject to corrosive
means, as described in 810.21(F)(1), to any one of theconditions. Where used outside, aluminum or copper-clad
individual electrodes described in 250.52; oraluminum shall not be installed within 450 mm (18 in.) of

(3) If the building or structure served has no groundingthe earth.
means, as described in 810.21(F)(1) or (F)(2), to an
effectively grounded metal structure or to any of the(B) Insulation Insulation on grounding conductors shall
individual electrodes described in 250.52not be required.

(G) Inside or Outside Building The grounding conductor(C) Supports The grounding conductors shall be securely
shall be permitted to be run either inside or outside thefastened in place and shall be permitted to be directly
building.attached to the surface wired over without the use of insulat-

ing supports.
(H) Size The grounding conductor shall not be smaller than

Exception: Where proper support cannot be provided, the 10 AWG copper, 8 AWG aluminum, or 17 AWG copper-
size of the grounding conductors shall be increased propor- clad steel or bronze.
tionately.

(I) Common Ground A single grounding conductor shall
(D) Mechanical Protection The grounding conductor shall be permitted for both protective and operating purposes.
be protected where exposed to physical damage, or the size
of the grounding conductors shall be increased proportion- (J) Bonding of Electrodes A bonding jumper not smaller

than 6 AWG copper or equivalent shall be connected betweenately to compensate for the lack of protection. Where the
grounding conductor is run in a metal raceway, both ends the radio and television equipment grounding electrode and
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810.57Article 810 — Radio and Television Equipment

the power grounding electrode system at the building or 810.53 Size of Lead-in Conductors
structure served where separate electrodes are used. Lead-in conductors for transmitting stations shall, for various

maximum span lengths, be of a size at least as great as that
The requirements for grounding are in accordance with Arti- of conductors for antennas as specified in 810.52.
cle 250. Antenna masts must be grounded to the same
grounding electrode used for the building’s electrical system, 810.54 Clearance on Building
to ensure that all exposed, non–current-carrying metal parts Antenna conductors for transmitting stations, attached to
are at the same potential. In many cases, masts are connected buildings, shall be firmly mounted at least 75 mm (3 in.) clear
incorrectly to conveniently located vent pipes, metal gutters, of the surface of the building on nonabsorbent insulating
or downspouts. Such a connection could create potential supports, such as treated pins or brackets equipped with
differences between lead-in conductors and various metal insulators having not less than 75-mm (3-in.) creepage and
parts located in or on buildings, resulting in possible shock airgap distances. Lead-in conductors attached to buildings
and fire hazards. An underground gas piping system is not shall also comply with these requirements.
permitted to be used as a grounding electrode.

Exception: Where the lead-in conductors are enclosed in aSection 810.21(J) clarifies that the bonding requirement
continuous metallic shield that is permanently and effectivelyapplies only to electrodes at the same building or structure.
grounded, they shall not be required to comply with theseThe use of separate radio/television grounding electrodes is
requirements. Where grounded, the metallic shield shall alsonot required.
be permitted to be used as a conductor.

(K) Electrode Connection Connections to grounding elec- Creepage distance is measured from the conductor across
trodes shall comply with 250.70. the face of the supporting insulator to the building surface.

Airgap distance is measured from the conductor (at its closest
This section is new in the 2005 Code. This requirement is point) across the air space (not necessarily in a straight line)
similar to the requirements for grounding electrode conduc- to the surface of the building. This exception covers coaxial
tors in Articles 800, 820, and 830. cable with the shield permanently and effectively grounded.

III. Amateur Transmitting and 810.55 Entrance to Building
Receiving Stations — Except where protected with a continuous metallic shield

that is permanently and effectively grounded, lead-in con-Antenna Systems
ductors for transmitting stations shall enter buildings by one

810.51 Other Sections
of the following methods:

In addition to complying with Part III, antenna systems for
(1) Through a rigid, noncombustible, nonabsorbent insulat-amateur transmitting and receiving stations shall also comply

ing tube or bushingwith 810.11 through 810.15.
(2) Through an opening provided for the purpose in which

the entrance conductors are firmly secured so as to810.52 Size of Antenna
provide a clearance of at least 50 mm (2 in.)Antenna conductors for transmitting and receiving stations

(3) Through a drilled window paneshall be of a size not less than given in Table 810.52.

810.56 Protection Against Accidental Contact
Table 810.52 Size of Amateur Station Outdoor Antenna

Lead-in conductors to radio transmitters shall be located orConductors
installed so as to make accidental contact with them difficult.

Minimum Size of Conductors
810.57 Antenna Discharge Units —(AWG) Where Maximum

Open Span Length Is Transmitting Stations
Each conductor of a lead-in for outdoor antennas shall beLess Than 45 m Over 45 m

Material (150 ft) (150 ft) provided with an antenna discharge unit or other suitable
means that drain static charges from the antenna system.

Hard-drawn copper 14 10

Copper-clad steel, bronze, or 14 12 If an antenna discharge unit is not installed at a transmittingother high-strength
station, protection against lightning may be provided by amaterial
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810.58 Article 820 — Community Antenna Television and Radio Distribution Systems

switch that connects the lead-in conductors to ground during ARTICLE 820
the times the station is not in operation. Community Antenna Television

and Radio Distribution Systems
Exception No. 1: Where protected by a continuous metallic
shield that is permanently and effectively grounded.

Summary of ChangesException No. 2: Where the antenna is permanently and
• Reorganized and renumbered as part of an effort to achieveeffectively grounded.

parallel structure among Articles 770, 800, 820, and 830.
810.58 Grounding Conductors — Amateur • 820.24: Removed requirement that the cable must be sup-
Transmitting and Receiving Stations ported by a structural component. Clarification added that

this section applies to ceilings regardless of which sideGrounding conductors shall comply with 810.58(A) through
810.58(C). of the ceiling is supporting the cable. Revised to apply

the requirement of 300.11 to Article 820.
(A) Other Sections All grounding conductors for amateur

• 820.100(A)(4): FPN added to clarify the requirement oftransmitting and receiving stations shall comply with
a 20-ft maximum grounding conductor in one- and two-810.21(A) through 810.21(K).
family dwellings.

(B) Size of Protective Grounding Conductor The protec- • 820.154(A) and (B): Revised to prohibit unlisted cables
tive grounding conductor for transmitting stations shall be in risers, air ducts, plenums, and other space used for
as large as the lead-in but not smaller than 10 AWG copper, environmental air, even though the length does not exceed
bronze, or copper-clad steel. 50 ft.
(C) Size of Operating Grounding Conductor The op- • 820.182: Plenum CATV raceways accepted for use in
erating grounding conductor for transmitting stations shall other spaces used for environmental air, riser CATV race-
not be less than 14 AWG copper or its equivalent. ways accepted for use in vertical risers, and general-pur-

pose CATV raceways accepted for use in other areas of
IV. Interior Installation — a building.

Transmitting Stations
810.70 Clearance from Other Conductors
All conductors inside the building shall be separated at least Contents
100 mm (4 in.) from the conductors of any electric light,

I. Generalpower, or signaling circuit.
820.1 Scope

Exception No. 1: As provided in Article 640. 820.2 Definitions
820.3 Other ArticlesException No. 2: Where separated from other conductors

(A) Spread of Fire or Products of Combustionby raceway or some firmly fixed nonconductor, such as
(B) Ducts, Plenums, and Other Air-Handling Spacesporcelain tubes or flexible tubing.
(C) Installation and Use

810.71 General (D) Installations of Conductive and Nonconductive
Optical Fiber CablesTransmitters shall comply with 810.71(A) through

(E) Communications Circuits810.71(C).
(F) Network-Powered Broadband Communications

(A) Enclosing The transmitter shall be enclosed in a metal Systems
frame or grille, or separated from the operating space by a (G) Alternate Wiring Methods
barrier or other equivalent means, all metallic parts of which 820.15 Energy Limitations
are effectively connected to ground. 820.21 Access to Electrical Equipment Behind Panels

Designed to Allow Access(B) Grounding of Controls All external metal handles and
820.24 Mechanical Execution of Workcontrols accessible to the operating personnel shall be effec-

II. Cables Outside and Entering Buildingstively grounded.
820.44 Overhead Cables

(C) Interlocks on Doors. All access doors shall be pro- (A) On Poles
vided with interlocks that disconnect all voltages of over 350 (B) Lead-in Clearance
volts between conductors when any access door is opened.
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820.2Article 820 — Community Antenna Television and Radio Distribution Systems

I. General(C) On Masts
(D) Above Roofs 820.1 Scope
(E) Between Buildings This article covers coaxial cable distribution of radio fre-
(F) On Buildings quency signals typically employed in community antenna

820.47 Underground Circuits Entering Buildings television (CATV) systems.
(A) Underground Systems
(B) Direct-Buried Cables and Raceways

Article 820 covers the installation of coaxial cable for theIII. Protection
distribution of radio frequency (RF) signals associated with820.93 Grounding of Outer Conductive Shield of a
closed-circuit television, cable television, and security tele-Coaxial Cable
vision cameras. This article also covers interior coaxial cable(A) Shield Grounding
for radio and television receiving equipment. Article 830(B) Shield Protection Devices
was added to the 1999 Code to cover network-poweredIV. Grounding Methods
broadband system installations.820.100 Cable Grounding

(A) Grounding Conductor
(B) Electrode 820.2 Definitions
(C) Electrode Connection

See Article 100. For the purposes of this article, the following(D) Bonding of Electrodes
additional definitions apply.820.103 Equipment Grounding

820.106 Bonding and Grounding at Mobile Homes Abandoned Coaxial Cable. Installed coaxial cable that is
(A) Grounding not terminated at equipment other than a coaxial connector
(B) Bonding and not identified for future use with a tag.

V. Cables Within Buildings
820.110 Raceways for Coaxial Cables

The definition of abandoned coaxial cable is used with820.113 Installation and Marking of Coaxial Cables
820.3(A) and 820.154, which require removal of accessible820.133 Installation of Cables and Equipment
abandoned communications cable. Abandoned cable in-(A) Separation from Other Conductors
creases fire loading unnecessarily, and, where installed in(B) Hybrid Power and Coaxial Cabling
plenums, it can affect airflow. Similar requirements can be(C) Support of Cables
found in Articles 640, 645, 725, 760, 770, 800, and 830.820.154 Applications of Listed CATV Cables and CATV

Raceways
(A) Plenums Air Duct. A conduit or passageway for conveying air to
(B) Riser or from heating, cooling, air conditioning, or ventilating
(C) Cable Trays equipment, but not including the plenum. [NFPA 97:1.2.6]
(D) Other Wiring Within Buildings

VI. Listing Requirements
The definition of air duct was added to the 2005 Code to820.179 Coaxial Cables
provide a term to distinguish between electrical ducts and(A) Type CATVP
ducts that form part of an environmental air distribution(B) Type CATVR
system.(C) Type CATV

(D) Type CATVX
820.182 CATV Raceways Exposed. An exposed cable is one that is in such a position

(A) Plenum CATV Raceways
that, in case of failure of supports and insulation, contact

(B) Riser CATV Raceways
with another circuit could result.

(C) General-Purpose CATV Raceways
FPN: See Article 100 for two other definitions of ex-
posed.

FPN: Rules that are followed by a reference in brackets Point of Entrance. The point within a building at which
contain text that has been extracted from NFPA 97-2003, the cable emerges from an external wall, from a concrete
Standard Glossary of Terms Relating to Chimneys, Vents,

floor slab, or from a rigid metal conduit or an intermediateand Heat-Producing Appliances. Only editorial changes
metal conduit grounded to an electrode in accordance withwere made to the extracted text to make it consistent

with this Code. 820.100(B).
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820.3 Article 820 — Community Antenna Television and Radio Distribution Systems

Premises. The land and buildings of a user located on the An excess accumulation of wires and cables can limit access
user side of utility-user network point of demarcation. to equipment by preventing the removal of access panels.

(See Exhibit 820.1.)
820.3 Other Articles
Circuits and equipment shall comply with 820.3(A) through
820.3(G).

Paragraph 820.3(G) permits Article 830 wiring methods to
substitute for those covered in Article 820. The substitution
of these wiring methods facilitates an upgrade of Article 820
installations to network-powered broadband applications. It
is important to note that 820.3(A) requires that accessible
abandoned CATV cable be removed.

(A) Spread of Fire or Products of Combustion Section
300.21 shall apply. The accessible portion of abandoned
coaxial cables shall be removed.

(B) Ducts, Plenums, and Other Air-Handling Spaces
Section 300.22, where installed in ducts, plenums, or other
spaces used for environmental air, shall apply.

Exception: As permitted in 820.154(A).
Method Permitted

Method Not Permitted

Hung ceiling
cavity

Signal or
CATV cables

Hung ceiling
cavity

Signal or
CATV cables

(C) Installation and Use Section 110.3 shall apply.
Exhibit 820.1 Installations of conductors and cables, which can

(D) Installations of Conductive and Nonconductive Op- prevent access to equipment or cables. Correct and incorrect
methods are shown.tical Fiber Cables Article 770 shall apply.

(E) Communications Circuits Article 800 shall apply.
820.24 Mechanical Execution of Work

(F) Network-Powered BroadbandCommunications Sys- Community antenna television and radio distribution sys-
tems Article 830 shall apply. tems shall be installed in a neat and workmanlike manner.

Cables installed exposed on the surface of ceiling and side-
(G) Alternate Wiring Methods The wiring methods of

walls shall be supported by the building structure in such a
Article 830 shall be permitted to substitute for the wiring

manner that the cable will not be damaged by normal build-
methods of Article 820.

ing use. Such cables shall be secured by straps, staples,
hangers, or similar fittings designed and installed so as notFPN: Use of Article 830 wiring methods will facilitate

the upgrading of Article 820 installations to network- to damage the cable. The installation shall also conform
powered broadband applications. with 300.4(D) and 300.11.

820.15 Energy Limitations Section 820.24 provides clear requirements for workman-
Coaxial cable shall be permitted to deliver low-energy power ship. Cables are required to be attached to or supported by
to equipment that is directly associated with the radio fre- the structure by straps, clamps, hangers, and the like. The
quency distribution system if the voltage is not over 60 volts installation method must not damage the cable. In addition,
and if the current supply is from a transformer or other the location of the cable must be carefully evaluated to
device that has energy-limiting characteristics. ensure that activities and processes within the building do

not damage the cable. In the 2005Code, there was a change to
this section to permit attachment to baseboards and non–load820.21 Access to Electrical Equipment Behind
bearing walls, which are not structural components.Panels Designed to Allow Access

Access to electrical equipment shall not be denied by an
accumulation of wires and cables that prevents removal of FPN: Accepted industry practices are described in ANSI/

NECA/BICSI 568–2001, Standard for Installing Com-panels, including suspended ceiling panels.
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820.47Article 820 — Community Antenna Television and Radio Distribution Systems

mercial Building Telecommunications Cabling, and other Wind and ice loads, which can be excessive, should beANSI-approved installation standards.
considered.

II. Cables Outside and Entering
Buildings Exception: Where a cable does not have sufficient strength

to be self-supporting, it shall be attached to a supporting820.44 Overhead Cables
messenger cable that, together with the attachment fixtures

Coaxial cables, prior to the point of grounding, as defined
or supports, shall be acceptable for the purpose and shall

in 820.93, shall comply with 820.44(A) through 820.44(F).
have sufficient strength to withstand the loads to which they
may be subjected.(A) On Poles Where practicable, conductors on poles shall

be located below the electric light, power, Class 1, or
(F) On Buildings Where attached to buildings, cables shall

non–power-limited fire alarm circuit conductors and shall
be securely fastened in such a manner that they will be

not be attached to a crossarm that carries electric light or
separated from other conductors in accordance with

power conductors.
820.44(F)(1), (F)(2), and (F)(3).

(B) Lead-in Clearance Lead-in or aerial-drop cables from (1) Electric Light or Power The coaxial cable shall have
a pole or other support, including the point of initial attach- a separation of at least 100 mm (4 in.) from electric light,
ment to a building or structure, shall be kept away from power, Class 1, or non–power-limited fire alarm circuit con-
electric light, power, Class 1, or non–power-limited fire ductors not in raceway or cable, or shall be permanently
alarm circuit conductors so as to avoid the possibility of separated from conductors of the other system by a continu-
accidental contact. ous and firmly fixed nonconductor in addition to the insula-

tion on the wires.Exception: Where proximity to electric light, power, Class
1, or non–power-limited fire alarm circuit service conductors

(2) Other Communications Systems Coaxial cable shallcannot be avoided, the installation shall be such as to provide
be installed so that there will be no unnecessary interferenceclearances of not less than 300 mm (12 in.) from light, power,
in the maintenance of the separate systems. In no case shallClass 1, or non–power-limited fire alarm circuit service
the conductors, cables, messenger strand, or equipment ofdrops. The clearance requirement shall apply at all points
one system cause abrasion to the conductors, cable, messen-along the drop, and it shall increase to 1.02 m (40 in.) at
ger strand, or equipment of any other system.the pole.

(3) LightningConductors Where practicable, a separation(C) OnMasts Aerial cable shall be permitted to be attached
of at least 1.8 m (6 ft) shall be maintained between anyto an above-the-roof raceway mast that does not enclose or
coaxial cable and lightning conductors.support conductors of electric light or power circuits.

FPN: For additional information regarding overhead
(D) Above Roofs Cables shall have a vertical clearance of wires and cables, see ANSI C2-2002, National Electric
not less than 2.5 m (8 ft) from all points of roofs above Safety Code, Part 2, Safety Rules for Overhead Lines.
which they pass.

820.47 Underground Circuits Entering
Exception No. 1: Auxiliary buildings such as garages and

Buildingsthe like.
(A) Underground Systems Underground coaxial cables inException No. 2: A reduction in clearance above only the
a duct, pedestal, handhole enclosure, or manhole that con-overhanging portion of the roof to not less than 450 mm
tains electric light or power conductors or Class 1 circuits(18 in.) shall be permitted if (1) not more than 1.2 m (4 ft)
shall be in a section permanently separated from such con-of communications service drop conductors pass above the
ductors by means of a suitable barrier.roof overhang, and (2) they are terminated at a raceway

mast or other approved support. (B) Direct-Buried Cables and Raceways Direct-buried
coaxial cable shall be separated at least 300 mm (12 in.)Exception No. 3: Where the roof has a slope of not less
from conductors of any light or power or Class 1 circuit.than 100 mm in 300 mm (4 in. in 12 in.), a reduction in

clearance to not less than 900 mm (3 ft) shall be permitted.
Exception No. 1: Where electric service conductors or coax-
ial cables are installed in raceways or have metal cable(E) Between Buildings Cables extending between build-
armor.ings and also the supports or attachment fixtures shall be

acceptable for the purpose and shall have sufficient strength Exception No. 2: Where electric light or power branch-
circuit or feeder conductors or Class 1 circuit conductorsto withstand the loads to which they may be subjected.
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820.93 Article 820 — Community Antenna Television and Radio Distribution Systems

are installed in a raceway or in metal-sheathed, metal-clad, (A) Grounding Conductor
or Type UF or Type USE cables; or the coaxial cables have (1) Insulation The grounding conductor shall be insulated
metal cable armor or are installed in a raceway. and shall be listed as suitable for the purpose.

(2) Material The grounding conductor shall be copper orIII. Protection
other corrosion-resistant conductive material, stranded or

820.93 Grounding of Outer Conductive Shield solid.
of a Coaxial Cable

(3) Size The grounding conductor shall not be smaller thanThe outer conductive shield of the coaxial cable shall be
14 AWG. It shall have a current-carrying capacity approxi-grounded at the building premises as close to the point of
mately equal to that of the outer conductor of the coaxialcable entrance or attachment as practicable.
cable. The grounding conductor shall not be required toFor purposes of this section, grounding located at mobile
exceed 6 AWG.home service equipment located in sight from, and not more

than 9.0 m (30 ft) from, the exterior wall of the mobile home (4) Length The grounding conductor shall be as short as
it serves, or at a mobile home disconnecting means grounded practicable. In one- and two-family dwellings, the grounding
in accordance with 250.32 and located in sight from and not conductor shall be as short as practicable, not to exceed 6.0
more than 9.0 m (30 ft) from the exterior wall of the mobile m (20 ft) in length.
home it serves, shall be considered to meet the requirements
of this section.

The limitation on length will result in a lower impedance,
which will limit the potential difference between communi-FPN: Selecting a grounding location to achieve the short-

est practicable grounding conductor helps limit potential cations systems and other systems during a lightning strike.
differences between CATV and other metallic systems. Large potential differences between grounding conductors

can result in increased damage if a lightning strike were to(A) Shield Grounding Where the outer conductive shield
occur.of a coaxial cable is grounded, no other protective devices

shall be required.
FPN: Similar grounding conductor length limitations ap-

(B) Shield ProtectionDevices Grounding of a coaxial drop plied at apartment buildings and commercial buildings
cable shield by means of a protective device that does not will help to reduce voltages that may be developed be-

tween the building’s power and communications systemsinterrupt the grounding system within the premises shall be
during lightning events.permitted.

When the 20-ft limitation was instituted in the 2002 Code,Section 820.93(B) permits the use of a shield protection
the predominant application was in one- and two-familydevice that does not interrupt the grounding system within
dwellings; apartment and commercial buildings were specifi-the premises. The electric utility supply, the CATV system,
cally not addressed. In the 2005 Code, some guidance isand the premises wiring are all grounded. When a ground
provided for apartment and commercial buildings, withoutfault occurs at the premises, the current tries to return to its
being overly restrictive because of intersystem bonding situ-source and follows the multiple paths through the different
ations that may exist at these facilities. This FPN providespremises metal water piping systems or earth. Such ground
guidance for the treatment of the cable and primary protectorfaults can cause current on the CATV shield, whose primary
grounding conductor length at apartment and commercialfunction is to prevent RF leakage out of the cable. The fault
buildings that is consistent with the 20-ft rule for one- andcurrent in the cable shield can cause the shield to burn open
two-family dwellings. However, a specific length is not spec-and also damage the cable insulation. A device that can
ified in the Code because such a length limitation may notsafely conduct current at 60 Hz and block current at the
be practical in some installations.higher frequencies can be connected between the cable shield

and ground, thereby maintaining grounding integrity. An
ordinary fuse, for example, would not be suitable.

Exception: In one- and two-family dwellings where it is
not practicable to achieve an overall maximum grounding
conductor length of 6.0 m (20 ft), a separate ground asIV. Grounding Methods
specified in 250.52(A)(5), (A)(6), or (A)(7) shall be used,

820.100 Cable Grounding the grounding conductor shall be grounded to the separate
ground in accordance with 250.70, and the separate groundWhere required by 820.93, the shield of the coaxial cable

shall be grounded as specified in 820.100(A) through bonded to the power grounding electrode system in accor-
dance with 820.100(D).820.100(D).
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820.100Article 820 — Community Antenna Television and Radio Distribution Systems

(5) Run in Straight Line The grounding conductor shall Paragraph 820.100(D) requires bonding of CATV and power
be run to the grounding electrode in as straight a line as grounding electrodes at the same building or structure.
practicable.

Exception: At mobile homes as covered in 820.106.(6) Physical Protection Where subject to physical damage,
the grounding conductor shall be adequately protected. FPN No. 1: See 250.60 for use of air terminals (lightning

rods).Where the grounding conductor is run in a metal raceway,
FPN No. 2: Bonding together of all separate electrodesboth ends of the raceway shall be bonded to the grounding
limits potential differences between them and betweenconductor or the same terminal or electrode to which the
their associated wiring systems.grounding conductor is connected.

(B) Electrode The grounding conductor shall be connected The most common error made in grounding CATV systems
is connecting the coaxial cable sheath to a ground rod drivenin accordance with 820.100(B)(1) and (B)(2).
by the CATV installer at a convenient location near the point

(1) In Buildings or Structures with Grounding Means of cable entry to the building instead of bonding it to the
To the nearest accessible location on the following: electrical service grounding electrode system, service race-

way, or other components that make up the grounding elec-
(1) The building or structure grounding electrode system

trode system. A separate grounding electrode is permitted
as covered in 250.50

by the 2005 Code only if the building or structure has none
(2) The grounded interior metal water piping system, within

of the grounding means described in 820.100(B)(1) or
1.52 m (5 ft) from its point of entrance to the building,

820.100(B)(2), which is rare. The Code requires that some
as covered in 250.52

means that is accessible and external to the service equip-
(3) The power service accessible means external to enclo-

ment be provided for making the bonding and grounding
sures as covered in 250.94

connection for other systems. One of the following means
(4) The metallic power service raceway

must be provided:
(5) The service equipment enclosure

1. Exposed service raceways(6) The grounding electrode conductor or the grounding
2. Exposed grounding electrode conductorelectrode conductor metal enclosure, or
3. An approved means for the external connection of a(7) The grounding conductor or the grounding electrode

conductor (A 6 AWG copper conductor with one endof a building or structure disconnecting means that is
bonded to the service raceway or equipment with aboutgrounded to an electrode as covered in 250.32
6 in. exposed is acceptable.)

See commentary following 250.52(A)(1).
Proper bonding of the CATV system coaxial cable

sheath to the electrical power ground is needed to prevent
potential fire and shock hazards. The earth cannot be used(2) In Buildings or Structures Without Grounding
as an equipment grounding conductor or bonding conductorMeans If the building or structure served has no grounding
because it does not have the low-impedance path required.means, as described in 820.100(B)(1):
(See 250.54.)

(1) To any one of the individual electrodes described in Both CATV systems and power systems are subject to
250.52(A)(1), (A)(2), (A)(3), (A)(4); or, current surges as a result of, for example, induced voltages

(2) If the building or structure served has no grounding from lightning in the vicinity of the usually extensive outside
means, as described in 820.100(B)(1) or (B)(2)(1), to distribution systems. Surges also result from switching oper-
an effectively grounded metal structure or to any one ations on power systems. If the grounded conductors and
of the individual electrodes described in 250.52(A)(5), parts of the two systems are not bonded by a low-impedance
(A)(6), and (A)(7). path, such line surges can raise the potential difference be-

tween the two systems to many thousands of volts. This
(C) Electrode Connection Connections to grounding elec- can result in arcing between the two systems, for example,
trodes shall comply with 250.70. wherever the coaxial cable jacket contacts a grounded part,

such as a metal water pipe or metal structural member, inside
(D) Bonding of Electrodes A bonding jumper not smaller the building.
than 6 AWG copper or equivalent shall be connected between If a person is the interface between the two systems
the community antenna television system’s grounding elec- and the bonding has not been done in accordance with the
trode and the power grounding electrode system at the build- Code, the high-voltage surge could result in electric shock.
ing or structure served where separate electrodes are used.
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820.103 Article 820 — Community Antenna Television and Radio Distribution Systems

More common, however, is burnout of a television tuner, a with Table 820.113. The cable voltage rating shall not be
marked on the cable.part that is almost always an interface between the two

systems. The tuner is connected to the power system ground
FPN: Voltage markings on cables could be misinter-through the grounded neutral of the power supply, even if
preted to suggest that the cables may be suitable for Class

the television set itself is not provided with an equipment 1, electric light, and power applications.
grounding conductor.

Also see the commentary following 250.92(B) and Table 820.113 Cable Markings
820.93(B).

Cable
Marking Type Reference

820.103 Equipment Grounding
CATVP CATV plenum cable 820.179(A) and 820.154(A)Unpowered equipment and enclosures or equipment pow-
CATVR CATV riser cable 820.179(B) and 820.154(B)ered by the coaxial cable shall be considered grounded where
CATV CATV cable 820.179(C) and 820.154(D)connected to the metallic cable shield.
CATVX CATV cable, limited use 820.179(D) and 820.154(D)

820.106 Bonding and Grounding at
Mobile Homes

Exception No. 1: Voltage markings shall be permitted where(A) Grounding Where there is no mobile home service
the cable has multiple listings and voltage marking is re-equipment located in sight from, and not more than 9.0 m
quired for one or more of the listings.(30 ft) from, the exterior wall of the mobile home it serves

or there is no mobile home disconnecting means grounded Exception No. 2: Listing and marking shall not be required
in accordance with 250.32 and located within sight from, where the length of the cable within the building, measured
and not more than 9.0 m (30 ft) from, the exterior wall of from its point of entrance, does not exceed 15 m (50 ft)
the mobile home it serves, the coaxial cable shield ground, and the cable enters the building from the outside and is
or surge arrester ground, shall be in accordance with terminated at a grounding block.
820.100(B)(2).

FPN No. 1: Cable types are listed in descending order
(B) Bonding The coaxial cable shield grounding terminal, of fire-resistance rating.
surge arrester grounding terminal, or grounding electrode FPN No. 2: See the referenced sections for listing re-

quirements and permitted uses.shall be bonded to the metal frame or available grounding
terminal of the mobile home with a copper grounding con-
ductor not smaller than 12 AWG under any of the following 820.133 Installation of Cables and Equipment
conditions: Beyond the point of grounding, as defined in 820.93, the

cable installation shall comply with 820.133(A) through(1) Where there is no mobile home service equipment or
820.133(C).disconnecting means as in 820.106(A)

(2) Where the mobile home is supplied by cord and plug

Section 820.133 specifically includes separation from
V. Cables Within Buildings network-powered broadband communications circuits. Jack-

ets of coaxial cable do not have sufficient construction speci-820.110 Raceways for Coaxial Cables
fications to permit them to be installed with electric light,

Where coaxial cables are installed in a raceway, the raceway power, Class 1, non–power-limited fire alarm circuits, and
shall be either of a type permitted in Chapter 3 and installed medium- and high-power network-powered broadband com-
in accordance with Chapter 3 or a listed nonmetallic raceway munications cable. Failure of the cable insulation due to a
complying with 820.182(A), (B), or (C), as applicable, and fault could lead to hazardous voltages being imposed on the
installed in accordance with 362.24 through 362.56, where Class 2 or Class 3 circuit conductors.
the requirements applicable to electrical nonmetallic tubing
apply.

(A) Separation from Other ConductorsException: Conduit fill restrictions shall not apply.

(1) In Raceways and Boxes820.113 Installation and Marking of
Coaxial Cables (1) Other Circuits. Coaxial cables shall be permitted in the

same raceway or enclosure with jacketed cables of anyListed coaxial cables shall be installed as wiring within
buildings. Coaxial cables shall be marked in accordance of the following:
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820.154Article 820 — Community Antenna Television and Radio Distribution Systems

a. Class 2 and Class 3 remote-control, signaling, and work-powered broadband communications circuits by a con-
tinuous and firmly fixed nonconductor, such as porcelainpower-limited circuits in compliance with Article

725 tubes or flexible tubing, in addition to the insulation on the
wire.b. Power-limited fire alarm systems in compliance with

Article 760
(B) Hybrid Power and Coaxial Cabling The provisionsc. Nonconductive and conductive optical fiber cables
of 780.6 shall apply for listed hybrid power and coaxialin compliance with Article 770
cabling in closed-loop and programmed power distribution.d. Communications circuits in compliance with Article

800
(C) Support of Cables Raceways shall be used for theire. Low-power network-powered broadband communi-
intended purpose. Coaxial cables shall not be strapped, taped,cations circuits in compliance with Article 830
or attached by any means to the exterior of any conduit or

(2) Electric Light, Power, Class 1, Non–Power-Limited Fire raceway as a means of support.
Alarm, and Medium Power Network-Powered Broad-
band Communications Circuits. Coaxial cable shall not Exception: Overhead (aerial) spans of coaxial cables shall
be placed in any raceway, compartment, outlet box, be permitted to be attached to the exterior of a raceway-
junction box, or other enclosures with conductors of type mast intended for the attachment and support of such
electric light, power, Class 1, non–power-limited fire cables.
alarm, or medium power network-powered broadband
communications circuits. 820.154 Applications of Listed CATV Cables

and CATV RacewaysException No. 1: Where all of the conductors of electric
light, power, Class 1, non–power-limited fire alarm, and CATV cables shall comply with the requirements of
medium power network-powered broadband communica- 820.154(A) through 820.154(D) or where cable substitutions
tions circuits are separated from all of the coaxial cables are made as shown in Table 820.154.
by a permanent barrier or listed divider.

Table 820.154 Coaxial Cable Uses and Permitted
SubstitutionsThis exception has been revised to recognize the use of a

listed field-installed divider to separate the communications
Cable Type Permitted Substitutionscircuits from the power circuits.

CATVP CMP, BLP

CATVR CATVP, CMP, CMR, BMR, BLP, BLR
Exception No. 2: Power circuit conductors in outlet boxes, CATV CATVP, CMP, CATVR, CMR, CMG, CM, BMR,
junction boxes, or similar fittings or compartments where BM, BLP, BLR, BL
such conductors are introduced solely for power supply to CATVX CATVP, CMP, CATVR, CMR, CATV, CMG, CM,
the coaxial cable system distribution equipment. The power BMR, BM, BLP, BLR, BL, BLX
circuit conductors shall be routed within the enclosure to
maintain a minimum 6-mm (0.25-in.) separation from coax-
ial cables. (A) Plenums Cables installed in ducts, plenums, and other

spaces used for environmental air shall be Type CATVP.(2) Other Applications Coaxial cable shall be separated
Abandoned cables shall not be permitted to remain. Typesat least 50 mm (2 in.) from conductors of any electric light,
CATVP, CATVR, CATV, and CATVX cables installed inpower, Class 1, non–power-limited fire alarm, or medium
compliance with 300.22 shall be permitted. Listed plenumpower network-powered broadband communications cir-
CATV raceways shall be permitted to be installed in ductscuits.
and plenums as described in 300.22(B) and in other spaces

Exception No. 1: Where either (1) all of the conductors of used for environmental air as described in 300.22(C). Only
electric light, power, Class 1, non–power-limited fire alarm, Type CATVP cable shall be permitted to be installed in these
and medium power network-powered broadband communi- raceways.
cations circuits are in a raceway, or in metal-sheathed,

FPN: See 8.14.1 of NFPA 13-2002, Installation of Sprin-metal-clad, nonmetallic-sheathed Type AC or Type UF ca-
kler Systems, for requirements for sprinklers in concealedbles, or (2) all of the coaxial cables are encased in raceway.
spaces containing exposed combustibles.

Exception No. 2: Where the coaxial cables are permanently
separated from the conductors of electric light, power, Class (B) Riser Cables installed in risers shall comply with any

of the requirements of 820.154(B)(1) through (B)(3).1, non–power-limited fire alarm, and medium power net-
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820.179 Article 820 — Community Antenna Television and Radio Distribution Systems

(5) Multifamily Dwellings Type CATVX cables less than(1) Cables in Vertical Runs Cables installed in vertical
runs and penetrating more than one floor, or cables installed 10 mm (0.375 in.) in diameter shall be permitted to be

installed in multifamily dwellings.in vertical runs in a shaft, shall be Type CATVR. Floor
penetrations requiring Type CATVR shall contain only ca-

FPN No. 1: See Figure 820.154, Cable Substitution Hier-bles suitable for riser or plenum use. Abandoned cables shall
archy.

not be permitted to remain. Listed riser CATV raceways
FPN No. 2: The substitute cables in Table 820.154 are

shall be permitted to be installed in vertical riser runs in a only coaxial-type cables.
shaft from floor to floor. Only Type CATVR and CATVP
cables shall be permitted to be installed in these raceways.

(2) Metal Raceways or Fireproof Shafts Types CATV
and CATVX cables shall be permitted to be encased in a
metal raceway or located in a fireproof shaft having fire-
stops at each floor.

(3) One- and Two-Family Dwellings Types CATV and
CATVX cables shall be permitted in one- and two-family
dwellings.

FPN: See 820.3(A) for the firestop requirements for
floor penetrations.

(C) Cable Trays Cables installed in cable trays shall be
Types CATVP, CATVR, and CATV.

CMP CATVP

CMR

CMX

CATVR

CATV

CATVX

Type CATV—Community antenna television cables
Type CM—Communications cables

Coaxial cable A shall be permitted to be used in place 
of coaxial cable B.

A B

Plenum

Riser

General purpose

Dwellings

CMG
CM

(D) Other Wiring Within Buildings Cables installed in
building locations other than the locations covered in Figure 820.154 Cable Substitution Hierarchy.
820.154(A) and 820.154(B) shall be with any of the require-
ments in 820.154(D)(1) through (D)(5). Abandoned cables
in hollow spaces shall not be permitted to remain. VI. Listing Requirements

820.179 Coaxial CablesUsed in conjunction with the definition of abandoned coax-
Cables shall be listed in accordance with 820.179(A) throughial cable in 820.2 and the general requirement in 820.3(A),
820.179(D).this section requires removal of accessible abandoned CATV

cable. Abandoned cable increases fire loading unnecessarily,
(A) Type CATVP Type CATVP community antenna tele-and, where installed in plenums, it can affect airflow. Similar
vision plenum cable shall be listed as being suitable for userequirements can be found in Articles 640, 645, 725, 760,
in ducts, plenums, and other spaces used for environmental770, 800, and 830.
air and shall also be listed as having adequate fire-resistant
and low smoke-producing characteristics.

(1) General Type CATV shall be permitted. Listed CATV
general-purpose raceways shall be permitted. Only Types See the commentary following 725.82(A), FPN, for more
CATV, CATVX, CATVR, or CATVP cables shall be permit- information on a test for wires and cables to be installed in
ted to be installed in general-purpose communications race- plenums and other spaces used for environmental air.
ways.

FPN: One method of defining a cable that is low smoke-(2) In Raceways Type CATVX shall be permitted to be
producing cable and fire-resistant cable is that the cableinstalled in a raceway.
exhibits a maximum peak optical density of 0.5 or less,
an average optical density of 0.15 or less, and a maximum(3) Nonconcealed Spaces Type CATVX shall be permitted
flame spread distance of 1.52 m (5 ft) or less when tested

to be installed in nonconcealed spaces where the exposed in accordance with NFPA 262, Standard Method of Test
length of cable does not exceed 3 m (10 ft). for Flame Travel and Smoke of Wires and Cables for

Use in Air Handling Spaces.
(4) One- and Two-Family Dwellings Type CATVX cables
less than 10 mm (0.375 in.) in diameter shall be permitted (B) Type CATVR Type CATVR community antenna tele-

vision riser cable shall be listed as being suitable for use into be installed in one- and two-family dwellings.
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820.182Article 830 — Network-Powered Broadband Communications Systems

(A) Plenum CATV Raceways Plenum CATV racewaysa vertical run in a shaft or from floor to floor and shall also
be listed as having fire-resistant characteristics capable of shall be listed for use in other spaces used for environmental

air and shall also be listed as having adequate fire-resistantpreventing the carrying of fire from floor to floor.
and low smoke-producing characteristics.

See the commentary following 725.82(B), FPN, for informa-
FPN: One method of defining that an optical fiber race-tion on a test method for defining fire-resistant characteris- way is a low smoke producing raceway and a fire-

tics capable of preventing fire spread from floor to floor. resistant raceway is that the raceway exhibits a maximum
peak optical density of 0.5 or less, an average optical
density of 0.15 or less, and a maximum flame spread

FPN: One method of defining fire-resistant characteris- distance of 1.52 m (5 ft) or less when tested in accordance
tics capable of preventing the carrying of fire from floor with the plenum test in UL 2024, Standard for Optical-
to floor is that the cables pass the requirements of ANSI/ Fiber Cable Raceway.
UL 1666-2002, Standard Test for Flame Propagation
Height of Electrical and Optical-Fiber Cable Installed (B) Riser CATV Raceways Riser CATV raceways shall
Vertically in Shafts.

be listed for use in risers and shall also be listed as having
adequate fire-resistant characteristics capable of preventing(C) Type CATV Type CATV community antenna televi-
the carrying of fire from floor to floor.sion cable shall be listed as being suitable for general-

purpose CATV use, with the exception of risers and plenums,
FPN: One method of defining fire-resistant characteris-

and shall also be listed as being resistant to the spread of tics capable of preventing the carrying of fire from floor
fire. to floor is that the raceways pass the requirements of the

Test for Flame Propagation (Riser) in UL 2024, Standard
for Optical-Fiber Cable Raceway.See the commentary following 725.82(C), FPN, for informa-

tion on the UL vertical flame test.
(C) General-Purpose CATV Raceways General purpose
CATV raceways shall be listed suitable for general-purpose
use and shall also be listed as being resistant to the spreadFPN: One method of defining resistant to the spread of

fire is that the cables do not spread fire to the top of the of fire.
tray in the vertical-tray flame test in ANSI/UL 1581-
1991, Reference Standard for Electrical Wires, Cables FPN: One method of defining resistance to the spread
and Flexible Cords. of fire is that the raceway pass the requirements of the

Another method of defining resistant to the spread Vertical-Tray Flame Test (General Use) in UL 2024,
of fire is for the damage (char length) not to exceed Standard for Optical-Fiber Cable Raceway.
1.5 m (4 ft 11 in.) when performing the vertical flame
test for cables in cable trays, as described in CSA C22.2
No. 0.3-M-1985, Test Methods for Electrical Wires and
Cables. ARTICLE 830

Network-Powered Broadband(D) Type CATVX Type CATVX limited-use community
antenna television cable shall be listed as being suitable for Communications Systems
use in dwellings and for use in raceway and shall also be
listed as being resistant to flame spread.

Summary of Changes
See the commentary following 725.82(D), FPN, for informa- • Reorganized and renumbered as part of an effort to achieve
tion on test methods for determining whether cable is resis- parallel structure among Articles 770, 800, and 820.
tant to fire spread.

• 830.24: Requirement that the cable must be supported by
a structural component removed. Clarification added that
this section applies to ceilings regardless of which side

FPN: One method of determining that cable is resistant
of the ceiling is supporting the cable. Revised to applyto flame spread is by testing the cable to the VW-1
the requirement of 300.11 to Article 830.(vertical-wire) flame test in ANSI/UL 1581-1991, Refer-

ence Standard for Electrical Wires, Cables and Flexible • 830.100(A)(4): FPN added to clarify the requirement of
Cords. a 20-ft maximum grounding conductor in one- and two-

family dwellings.
820.182 CATV Raceways

• 830.133(C) and Table 830.133: Permitted broadband
CATV raceways shall be listed in accordance with cable substitutions expanded.
820.182(A), through 820.182(C).
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830.1 Article 830 — Network-Powered Broadband Communications Systems

(B) BondingContents
V. Wiring Methods Within BuildingsI. General
830.133 Installation of Network-Powered Broadband830.1 Scope

Communications Cables and Equipment830.2 Definitions
(A) Separation of Conductors830.3 Other Articles
(B) Support of Conductors(A) Spread of Fire or Products of Combustion
(C) Cable Substitutions(B) Ducts, Plenums, and Other Air-Handling Spaces
(D) Installation and Use(C) Equipment in Other Space Used for

830.151 Medium Power Network-Powered BroadbandEnvironmental Air
Communications System Wiring Methods(D) Output Circuits

(A) Ducts, Plenums, and Other Air-Handling Spaces(E) Hazardous (Classified)
(B) RiserLocations
(C) Other Wiring830.15 Power Limitations

830.154 Low-Power Network-Powered Broadband830.21 Access to Electrical Equipment Behind Panels
Communications System Wiring MethodsDesigned to Allow Access

830.24 Mechanical Execution of Work (A) In Buildings
II. Cables Outside and Entering Buildings (B) Ducts, Plenums, and Other Air-Handling Spaces

830.40 Entrance Cables (C) Riser
(A) Medium Power Circuits (D) Other Wiring
(B) Low-Power Circuits 830.157 Protection Against Physical Damage

830.44 Aerial Cables 830.160 Bends
(A) On Poles VI. Listing Requirements
(B) Climbing Space 830.179 Network-Powered Broadband Communications
(C) Lead-in Clearance Equipment and Cables
(D) Clearance from Ground (A) Listing and Marking
(E) Over Pools
(F) Above Roofs
(G) Final Spans
(H) Between Buildings I. General
(I) On Buildings

830.1 Scope830.47 Underground Circuits Entering Buildings
(A) Underground Buildings This article covers network-powered broadband communica-
(B) Direct-Buried Cables and Raceways tions systems that provide any combination of voice, audio,
(C) Mechanical Protection video, data, and interactive services through a network inter-
(D) Pools face unit.

III. Protection
830.90 Primary Electrical Protection

Article 830 covers network-powered broadband communica-(A) Application
tions circuits, which provide a wide array of subscriber(B) Location
services, including voice, data (such as internet access),(C) Hazardous (Classified)
interactive services, and television signals.Locations

830.93 Grounding or Interruption of Metallic Members
of Network-Powered Broadband

FPN No. 1: A typical basic system configuration in-Communications Cables
cludes a cable supplying power and broadband signal toIV. Ground Methods a network interface unit that converts the broadband sig-

830.100 Cable, Network Interface Unit, and Primary nal to the component signals. Typical cables are coaxial
Protector Grounding cable with both broadband signal and power on the center

conductor, composite metallic cable with a coaxial mem-(A) Grounding Conductor
ber for the broadband signal and a twisted pair for power,(B) Electrode
and composite optical fiber cable with a pair of conduc-(C) Electrode Connection
tors for power. Larger systems may also include network

(D) Bonding of Electrodes components such as amplifiers that require network
830.106 Bonding and Grounding at Mobile Homes power.

(A) Grounding FPN No. 2: See 90.2(B)(4) for installations of broadband
communications systems that are not covered.

2005 National Electrical Code Handbook1154

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

--```,,``,`,,,`,`,`,`,,,,,,`,,,-`-`,,`,,`,`,,`---



830.3Article 830 — Network-Powered Broadband Communications Systems

830.2 Definitions 830.3 Other Articles
See Article 100. For purposes of this article, the following Circuits and equipment shall comply with 830.3(A) through

830.3(E).additional definitions apply.

Abandoned Network-Powered Broadband Communica-
Article 830 contains provisions for wiring both the insidetions Cable. Installed network-powered broadband com-
and the outside of buildings. Other articles cover the wiringmunications cable that is not terminated at equipment other
derived from the network interface unit (NIU) into the prem-than a connector and not identified for future use with a tag.
ises. For example, Article 725 covers wiring of Class 2 and
Class 3 circuits, Article 760 covers wiring of fire alarmThe definition of abandoned network-powered broadband
systems, Article 770 covers the installation of optical fibercommunications cable is used with 830.3(A) and 830.154,
cable, Article 800 covers telephone wiring, and Article 820which require removal of accessible abandoned broadband
covers coaxial cable installations for television signals. Thecommunications cable. Abandoned cable increases fire load-
major difference between Article 820 and Article 830 is theing unnecessarily, and, where installed in plenums, it can
voltage present on the circuit conductors. Article 820 systemsaffect airflow. Similar requirements can be found in Articles
are limited to 60 volts, but Article 830 systems are permitted640, 645, 725, 760, 770, 800, and 820.
to have ratings as high as 150 volts. Higher voltages allow
systems to power more sophisticated electronics and to pro-

Block. A square or portion of a city, town, or village en- vide a wider variety of services. (See Exhibit 830.1.)
closed by streets, including the alleys so enclosed but not
any street.

Exposed to Accidental Contact with Electrical Light or
Power Conductors. A circuit in such a position that, in
case of failure of supports or insulation, contact with another
circuit may result.

Fault Protection Device. An electronic device that is in-
tended for the protection of personnel and functions under
fault conditions, such as network-powered broadband com-
munications cable short or open circuit, to limit the current
or voltage, or both, for a low-power network-powered broad-

Service

Network interface
unit (NIU)

Telephone Television Data Interactive
signals

band communications circuit and provide acceptable protec-
tion from electric shock.

Exhibit 830.1 A network interface unit (NIU) diagram showing
Network Interface Unit (NIU). A device that converts a derived circuits.
broadband signal into component voice, audio, video, data,
and interactive services signals. The NIU provides isolation

(A) Spread of Fire or Products of Combustion Sectionbetween the network power and the premises signal circuits.
300.21 shall apply. The accessible portion of abandonedThe NIU may also contain primary and secondary protectors.
network-powered broadband communications cables shallNetwork-Powered Broadband Communications Circuit.
be removed.

The circuit extending from the communications utility’s
serving terminal or tap up to and including the NIU. (B) Ducts, Plenums, and Other Air-Handling Spaces

Section 300.22 shall apply where installed in ducts, plenums,FPN: A typical single-family network-powered commu-
or other spaces used for environmental air.nications circuit consists of a communications drop or

communications service cable and an NIU and includes
Exception: As permitted in 830.154(B).the communications utility’s serving terminal or tap

where it is not under the exclusive control of the commu-
(C) Equipment in Other Space Used for Environmentalnications utility.
Air Section 300.22(C) shall apply.

Point of Entrance. The point within a building at which
(D) Output Circuits As appropriate for the services pro-the cable emerges from an external wall, from a concrete
vided, the output circuits derived from the network interfacefloor slab, or from a rigid metal conduit or an intermediate
unit shall comply with the requirements of the following:metal conduit grounded to an electrode in accordance with

830.100(B). (1) Installations of communications circuits — Article 800
(2) Installations of community antenna television and radioPremises Wiring. The circuits located on the user side of

the network interface unit. distribution circuits — Article 820
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830.15 Article 830 — Network-Powered Broadband Communications Systems

Exception: 830.90(B)(3) shall apply where protection is An excess accumulation of wires and cables can limit access
provided in the output of the NIU. to equipment by preventing the removal of access panels.

(See Exhibit 830.2.)(3) Installations of optical fiber cables — Article 770
(4) Installations of Class 2 and Class 3 circuits — Article

725
(5) Installations of power-limited fire alarm circuits — Arti-

cle 760

(E) Hazardous (Classified) Locations Network-powered
broadband communications circuits and equipment installed
in a location that is classified in accordance with Article 500
shall comply with the applicable requirements of Chapter 5.

830.15 Power Limitations
Network-powered broadband communications systems shall
be classified as having low or medium power sources as
defined in Table 830.15.

Table 830.15 Limitations for Network-Powered Broadband
Communications Systems

Network Power Source Low Medium

Circuit voltage, Vmax (volts)1 0–100 0–150

Hung ceiling
cavity

Signal, video,
and data cables

Hung ceiling
cavity

Signal, video,
and data cables

Method Permitted

Method Not Permitted

Power limitation,VAmax 250 250
(volt-amperes)1 Exhibit 830.2 Installations of conductors and cables, which can

prevent access to equipment or cables. Correct and incorrectCurrent limitation, Imax (amperes)1 1000/Vmax 1000/Vmax
methods are shown.Maximum power rating (volt- 100 100

amperes)

Maximum voltage rating (volts) 100 150 830.24 Mechanical Execution of Work
Maximum overcurrent protection 100/Vmax NA Network-powered broadband communications circuits and

(amperes)2
equipment shall be installed in a neat and workmanlike
manner. Cables installed exposed on the surface of ceilings1Vmax, Imax, and VAmax are determined with the current-limiting im-

pedance in the circuit (not bypassed) as follows: and sidewalls shall be supported by the building structure
Vmax—Maximum system voltage regardless of load with rated in such a manner that the cable will not be damaged by

input applied.
normal building use. Such cables shall be secured by straps,Imax—Maximum system current under any noncapacitive load,
staples, hangers, or similar fittings designed and installedincluding short circuit, and with overcurrent protection bypassed if

used. Imax limits apply after 1 minute of operation. so as not to damage the cable. The installation shall also
VAmax—Maximum volt-ampere output after 1 minute of operation conform with 300.4(D) and 300.11.

regardless of load and overcurrent protection bypassed if used.
2Overcurrent protection is not required where the current-limiting
device provides equivalent current limitation and the current-limiting Section 830.24 of the 2005 Code now provides definitive
device does not reset until power or the load is removed. requirements for workmanship. Cable must be attached to

or supported on the structure by straps, clamps, hangers,
and the like. The installation method must not damage the

High-power network-powered broadband communications cable. In addition, the location of the cable must be carefully
circuits are not covered by the 2005 Code. evaluated to ensure that activities and processes within the

building do not damage the cable. In the 2005 Code, there
was a change to this section to permit attachment to base-

830.21 Access to Electrical Equipment Behind boards and non–load bearing walls, which are not ‘‘structural
Panels Designed to Allow Access components.’’
Access to electrical equipment shall not be denied by an
accumulation of wires and cables that prevents removal of FPN: Accepted industry practices are described in ANSI/

NECA/BICSI 568–2001, Standard for Installing Com-panels, including suspended ceiling panels.
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830.44Article 830 — Network-Powered Broadband Communications Systems

mercial Building Telecommunications Cabling, and other alarm circuit conductors and shall not be attached to a cross-
ANSI-approved installation standards. arm that carries electric light or power conductors.

(B) Climbing Space The climbing space through network-II. Cables Outside and
powered broadband communications cables shall complyEntering Buildings
with the requirements of 225.14(D).

830.40 Entrance Cables
(C) Lead-in Clearance Lead-in or aerial-drop network-Network-powered broadband communications cables lo-
powered broadband communications cables from a pole orcated outside and entering buildings shall comply with
other support, including the point of initial attachment to a830.40(A) and 830.40(B).
building or structure, shall be kept away from electric light,
power, Class 1, or non–power-limited fire alarm circuit con-(A) Medium Power Circuits Medium power network-
ductors so as to avoid the possibility of accidental contact.powered broadband communications circuits located outside

and entering buildings shall be installed using Type BMU, Exception: Where proximity to electric light, power, Class
Type BM, or Type BMR network-powered broadband com- 1, or non–power-limited fire alarm circuit service conductors
munications medium power cables. cannot be avoided, the installation shall be such as to provide

clearances of not less than 300 mm (12 in.) from light, power,(B) Low-Power Circuits Low-power network-powered
Class 1, or non–power-limited fire alarm circuit servicebroadband communications circuits located outside and en-
drops. The clearance requirement shall apply to all pointstering buildings shall be installed using Type BLU or Type
along the drop, and it shall increase to 1.02 m (40 in.) atBLX low-power network-powered broadband communica-
the pole.tions cables. Cables shown in Table 830.133 shall be permit-

ted to substitute. (D) Clearance from Ground Overhead spans of network-
powered broadband communication cables shall conform toException: Outdoor community antenna television and
not less than the following:radio distribution system coaxial cables installed prior to

January 1, 2000, and installed in accordance with Article (1) 2.9 m (9.5 ft) — above finished grade, sidewalks, or
820, shall be permitted for low-power-type, network- from any platform or projection from which they might
powered broadband communications circuits. be reached and accessible to pedestrians only

(2) 3.5 m (11.5 ft) — over residential property and drive-
Network-powered broadband communications systems may ways, and those commercial areas not subject to truck
contain sufficient energy to pose injurious or fatal electrical traffic
shock hazards. For that reason, they are subject to require- (3) 4.7 m (15.5 ft) — over public streets, alleys, roads,
ments similar to those for other high-powered circuits. parking areas subject to truck traffic, driveways on other

Section 830.40 requires that conductor spans be of than residential property, and other land traversed by
sufficient size and strength to maintain clearances and avoid vehicles such as cultivated, grazing, forest, and orchard
possible contact with light or power conductors. Splices and

FPN: These clearances have been specifically chosen tojoints must be made with approved connectors or other correlate with ANSI C2-2002, National Electrical Safety
means that provide sufficient mechanical strength so that Code, Table 232-1, which provides for clearances of
conductors are not weakened appreciably, which could cause wires, conductors, and cables above ground and road-

ways, rather than using the clearances referenced inthem to break and come into contact with higher-voltage
225.18. Because Article 800 and Article 820 have hadconductors. Wind and ice loads, which can be excessive,
no required clearances, the communications industry hasalso must be considered. used the clearances from the NESC for their installed
cable plant.

830.44 Aerial Cables (E) Over Pools Clearance of network-powered broadband
communications cable in any direction from the water level,Aerial network-powered broadband communications cables
edge of pool, base of diving platform, or anchored raft shallshall comply with 830.44(A) through 830.44(I).
comply with those clearances in 680.8.

FPN: For additional information regarding overhead
wires and cables, see ANSI C2-2002, National Electric (F) Above Roofs Network-powered broadband communi-
Safety Code, Part 2, Safety Rules For Overhead Lines. cations cables shall have a vertical clearance of not less than

2.5 m (8 ft) from all points of roofs above which they pass.
(A) On Poles Where practicable, network-powered broad-
band communications cables on poles shall be located below Exception No. 1: Auxiliary buildings such as garages and

the like.the electric light, power, Class 1, or non–power-limited fire
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830.47 Article 830 — Network-Powered Broadband Communications Systems

Exception No. 2: A reduction in clearance above only the tors of the other system by a continuous and firmly fixed
nonconductor in addition to the insulation on the wires.overhanging portion of the roof to not less than 450 mm

(18 in.) shall be permitted if (1) not more than 1.2 m (4 ft)
(2) Other Communications Systems Network-poweredof the broadband communications drop cables pass above
broadband communications cables shall be installed so thatthe roof overhang, and (2) they are terminated at a through-
there will be no unnecessary interference in the maintenancethe-roof raceway or support.
of the separate systems. In no case shall the conductors,

Exception No. 3: Where the roof has a slope of not less cables, messenger strand, or equipment of one system cause
than 100 mm in 300 mm (4 in. in 12 in.), a reduction in abrasion to the conductors, cables, messenger strand, or
clearance to not less than 900 mm (3 ft) shall be permitted. equipment of any other system.

(G) Final Spans Final spans of network-powered broad- (3) LightningConductors Where practicable, a separation
band communications cables without an outer jacket shall of at least 1.8 m (6 ft) shall be maintained between any
be permitted to be attached to the building, but they shall network-powered broadband communications cable and
be kept not less than 900 mm (3 ft) from windows that are lightning conductors.
designed to be opened, doors, porches, balconies, ladders,

(4) Protection from Damage Network-powered broad-stairs, fire escapes, or similar locations.
band communications cables attached to buildings and lo-

Exception: Conductors run above the top level of a window cated within 2.5 m (8 ft) of finished grade shall be protected
shall be permitted to be less than the 900-mm (3-ft) require- by enclosures, raceways, or other approved means.
ment above.

Exception: A low-power network-powered broadband com-
munications circuit that is equippedwith a listed fault protec-Overhead network-powered broadband communica-
tion device, appropriate to the network-powered broadbandtions cables shall not be installed beneath openings through
communications cable used, and located on the network sidewhich materials may be moved, such as openings in farm
of the network-powered broadband communications cableand commercial buildings, and shall not be installed where
being protected.they will obstruct entrance to these building openings.

830.47 Underground Circuits(H) Between BuildingsNetwork-powered broadband com-
Entering Buildingsmunications cables extending between buildings and also

the supports or attachment fixtures shall be acceptable for (A) Underground Systems Underground network-
the purpose and shall have sufficient strength to withstand powered broadband communications cables in a duct, pedes-
the loads to which they may be subjected. tal, handhole enclosure, or manhole that contains electric

light, power conductors, non–power-limited fire alarm cir-
cuit conductors, or Class 1 circuits shall be in a sectionWind and ice loads, which can be excessive, must be consid-
permanently separated from such conductors by means ofered.
a suitable barrier.

(B) Direct-Buried Cables and Raceways Direct-buried
Exception: Where a network-powered broadband commu- network-powered broadband communications cables shall
nications cable does not have sufficient strength to be be separated at least 300 mm (12 in.) from conductors of
self-supporting, it shall be attached to a supporting messen- any light, power, non–power-limited fire alarm circuit con-
ger cable that, together with the attachment fixtures or ductors or Class 1 circuit.
supports, shall be acceptable for the purpose and shall

Exception No. 1: Where electric service conductors orhave sufficient strength to withstand the loads to which
network-powered broadband communications cables are in-they may be subjected.
stalled in raceways or have metal cable armor.

(I) On Buildings Where attached to buildings, network- Exception No. 2: Where electric light or power branch-
powered broadband communications cables shall be securely circuit or feeder conductors, non–power-limited fire alarm
fastened in such a manner that they are separated from other circuit conductors, or Class 1 circuit conductors are installed
conductors in accordance with 830.44(I)(1) through (I)(4). in a raceway or in metal-sheathed, metal-clad, or Type UF

or Type USE cables; or the network-powered broadband
(1) Electric Light or Power The network-powered broad- communications cables have metal cable armor or are in-
band communications cable shall have a separation of at stalled in a raceway.
least 100 mm (4 in.) from electric light, power, Class 1,
or non–power-limited fire alarm circuit conductors not in (C) Mechanical Protection Direct-buried cable, conduit,

or other raceways shall be installed to meet the minimumraceway or cable, or be permanently separated from conduc-

2005 National Electrical Code Handbook1158

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



830.90Article 830 — Network-Powered Broadband Communications Systems

cover requirements of Table 830.47. In addition, direct-bur- III. Protection
ied cables emerging from the ground shall be protected by

830.90 Primary Electrical Protectionenclosures, raceways, or other approved means extending
from the minimum cover distance required by Table 830.47 (A) Application Primary electrical protection shall be pro-

vided on all network-powered broadband communicationsbelow grade to a point at least 2.5 m (8 ft) above finished
grade. In no case shall the protection be required to exceed conductors that are neither grounded nor interrupted and are

run partly or entirely in aerial cable not confined within a450 mm (18 in.) below finished grade. Type BMU and
BLU direct-buried cables emerging from the ground shall block. Also, primary electrical protection shall be provided

on all aerial or underground network-powered broadbandbe installed in rigid metal conduit, intermediate metal con-
duit, rigid nonmetallic conduit, or other approved means communications conductors that are neither grounded nor

interrupted and are located within the block containing theextending from the minimum cover distance required by
Table 830.47 below grade to the point of entrance. building served so as to be exposed to lightning or accidental

contact with electric light or power conductors operating at
Exception: A low-power network-powered broadband com-

over 300 volts to ground.
munications circuit that is equippedwith a listed fault protec-
tion device, appropriate to the network-powered broadband Exception: Where electrical protection is provided on the

derived circuit(s) (output side of the NIU) in accordancecommunications cable used, and located on the network side
of the network-powered broadband communications cable with 830.90(B)(3).
being protected.

FPN No. 1: On network-powered broadband communi-
cations conductors not exposed to lightning or accidental(D) Pools Cables located under the pool or within the area
contact with power conductors, providing primary elec-

extending 1.5 m (5 ft) horizontally from the inside wall trical protection in accordance with this article helps
of the pool shall meet those clearances and requirements protect against other hazards, such as ground potential

rise caused by power fault currents, and above-normalspecified in 680.10.

Table 830.47 Network-Powered Broadband Communications Systems Minimum Cover Requirements
(Cover is the shortest distance measured between a point on the top surface of any direct-buried cable,
conduit, or other raceway and the top surface of finished grade, concrete, or similar cover.)

Nonmetallic Raceways
Listed for Direct Burial;
Without Concrete

Rigid Metal Conduit or Encasement or Other
Direct Burial Cables Intermediate Metal Conduit Approved Raceways

Location of Wiring Method or Circuit mm in. mm in. mm in.

All locations not specified below 450 18 150 6 300 12

In trench below 50-mm (2-in.) thick 300 12 150 6 150 6
concrete or equivalent

Under a building (in raceway only) 0 0 0 0 0 0

Under minimum of 100-mm (4-in.) thick 300 12 100 4 100 4
concrete exterior slab with no
vehicular traffic and the slab extending
not less than 150 mm (6 in.) beyond
the underground installation

One- and two-family dwelling driveways 300 12 300 12 300 12
and outdoor parking areas and used
only for dwelling-related purposes

Notes:
1. Raceways approved for burial only where concrete encased shall require a concrete envelope not less than 50 mm (2 in.) thick.
2. Lesser depths shall be permitted where cables rise for terminations or splices or where access is otherwise required.
3. Where solid rock is encountered, all wiring shall be installed in metal or nonmetallic raceway permitted for direct burial.
The raceways shall be covered by a minimum of 50 mm (2 in.) of concrete extending down to rock.
4. Low-power network-powered broadband communications circuits using directly buried community antenna television
and radio distribution system coaxial cables that were installed outside and entering buildings prior to January 1, 2000, in
accordance with Article 820 shall be permitted where buried to a minimum depth of 300 mm (12 in.).
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830.93 Article 830 — Network-Powered Broadband Communications Systems

voltages induced by fault currents on power circuits in being suitable for application with network-powered
proximity to the network-powered broadband communi- broadband communications systems.
cations conductors.
FPN No. 2: Network-powered broadband communica-

A primary protector, whether provided integrally or ex-tions circuits are considered to have a lightning exposure
ternal to the network interface unit, shall be located as closeunless one or more of the following conditions exist:
as practicable to the point of entrance.(1) Circuits in large metropolitan areas where buildings

For purposes of this section, a network interface unitare close together and sufficiently high to intercept
and any externally provided primary protectors located atlightning.

(2) Areas having an average of five or fewer thunder- mobile home service equipment located in sight from and
storm days per year and earth resistivity of less than not more than 9.0 m (30 ft) from the exterior wall of the
100 ohm-meters. Such areas are found along the mobile home it serves, or at a mobile home disconnectingPacific coast.

means grounded in accordance with 250.32 and located in
sight from and not more than 9.0 m (30 ft) from the exterior

Utility companies may provide primary protectors if conduc- wall of the mobile home it serves, shall be considered to
tors are exposed to lightning. Generally, cable is not consid- meet the requirements of this section.
ered to be exposed to lightning unless one or both of the

FPN: Selecting a network interface unit and primaryconditions in FPN No. 2 exist. A primary protector is re-
protector location to achieve the shortest practicable pri-quired at each end of a communications circuit if lightning
mary protector grounding conductor helps limit potentialexposure exists, unless protection is provided on the output
differences between communications circuits and other

side of the network interface unit (NIU). metallic systems.

(C) Hazardous (Classified) Locations The primary pro-
(1) Fuseless Primary Protectors Fuseless-type primary tector or equipment providing the primary protection func-
protectors shall be permitted where power fault currents on tion shall not be located in any hazardous (classified)
all protected conductors in the cable are safely limited to a location as defined in Article 500 or in the vicinity of easily
value no greater than the current-carrying capacity of the ignitible material.
primary protector and of the primary protector grounding

Exception: As permitted in 501.150, 502.150, and 503.150.conductor.

830.93 Grounding or Interruption of Metallic(2) Fused Primary Protectors Where the requirements
listed in 830.90(A)(1) are not met, fused-type primary pro- Members of Network-Powered Broadband
tectors shall be used. Fused-type primary protectors shall Communications Cables
consist of an arrester connected between each conductor to The shields of network-powered broadband communications
be protected and ground, a fuse in series with each conductor cables used for communications or powering shall be
to be protected, and an appropriate mounting arrangement. grounded at the building as close as practicable to the point
Fused primary protector terminals shall be marked to indi- of entrance or attachment of the NIU. Metallic cable mem-
cate line, instrument, and ground, as applicable. bers not used for communications or powering shall be

grounded or interrupted by an insulating joint or equivalent(B) Location The location of the primary protector, where
device as close as practicable to the point of entrance or

required, shall comply with (B)(1), (B)(2), or (B)(3):
attachment of the NIU.

For purposes of this section, grounding or interruption of(1) A listed primary protector shall be applied on each
network-powered broadband communications cable metallicnetwork-powered broadband communications cable ex-
members installed at mobile home service equipment locatedternal to and on the network side of the network interface
in sight from and no more than 9.0 m (30 ft) from theunit.
exterior wall of the mobile home it serves, or at a mobile(2) The primary protector function shall be an integral part
home disconnecting means grounded in accordance withof and contained in the network interface unit. The
250.32 and located in sight from and not more than 9.0 mnetwork interface unit shall be listed as being suitable
(30 ft) from the exterior wall of the mobile home it serves,for application with network-powered broadband com-
shall be considered to meet the requirements of this section.munications systems and shall have an external marking

indicating that it contains primary electrical protection.
FPN: Selecting a grounding location to achieve the short-

(3) The primary protector(s) shall be provided on the de- est practicable grounding conductor helps limit potential
rived circuit(s) (output side of the NIU), and the combi- differences between the network-powered broadband

communications circuits and other metallic systems.nation of the NIU and the protector(s) shall be listed as
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830.100Article 830 — Network-Powered Broadband Communications Systems

(6) Physical Protection Where subject to physical damage,IV. Grounding Methods
the grounding conductor shall be adequately protected.

830.100 Cable, Network Interface Unit, and Where the grounding conductor is run in a metal raceway,
Primary Protector Grounding both ends of the raceway shall be bonded to the grounding

conductor or the same terminal or electrode to which theNetwork interface units containing protectors, NIUs with
grounding conductor is connected.metallic enclosures, primary protectors, and the metallic

members of the network-powered broadband communica-
(B) Electrode The grounding conductor shall be connectedtions cable that are intended to be grounded shall be
as follows.grounded as specified in 830.100(A) through 830.100(D).

(1) In Buildings or Structures with Grounding Means(A) Grounding Conductor
To the nearest accessible location on the following:

(1) Insulation The grounding conductor shall be insulated
(1) The building or structure grounding electrode systemand shall be listed as suitable for the purpose.

as covered in 250.50
(2) Material The grounding conductor shall be copper or (2) The grounded interior metal water piping system, within
other corrosion-resistant conductive material, stranded or 1.5 m (5 ft) from its point of entrance to the building,
solid. as covered in 250.52
(3) Size The grounding conductor shall not be smaller than
14 AWG and shall have a current-carrying capacity approxi- See the commentary following 250.52(A)(1).
mately equal to that of the grounded metallic member(s) and
protected conductor(s) of the network-powered broadband

(3) The power service accessible means external to enclo-communications cable. The grounding conductor shall not
sures as covered in 250.94be required to exceed 6 AWG.

(4) The metallic power service raceway
(4) Length The grounding conductor shall be as short as

(5) The service equipment enclosure
practicable. In one-family and multifamily dwellings, the

(6) The grounding electrode conductor or the grounding
grounding conductor shall be as short as permissible, not to

electrode metal enclosure, or
exceed 6.0 m (20 ft) in length.

(7) The grounding conductor or the grounding electrode
of a building or structure disconnecting means that is

The limitation on length will result in a lower impedance, grounded to an electrode as covered in 250.32
which will limit the potential difference between broadband
communications systems and other systems during a light- For purposes of this section, the mobile home service
ning strike. Large potential differences between grounding equipment or the mobile home disconnecting means, as de-
conductors can result in increased damage if a lightning scribed in 830.93, shall be considered accessible.
strike were to occur.

(2) In Buildings or Structures Without Grounding
Means If the building or structure served has no groundingFPN: Similar grounding conductor length limitations ap-
means, as described in (B)(1), the grounding conductor shallplied at apartment buildings and commercial buildings

will help to reduce voltages that may be developed be- be connected to either of the following:
tween the building’s power and communications systems

(1) To any one of the individual electrodes described induring lightning events.
250.52(A)(1), (A)(2), (A)(3), or (A)(4)

Exception: In one- and two-family dwellings where it is
(2) If the building or structure served has no grounding

not practicable to achieve an overall maximum grounding
means, as described in 830.100(B)(1) or (B)(2)(1), to an

conductor length of 6.0 m (20 ft), a separate communications
effectively grounded metal structure or to a ground rod

ground rod meeting the minimum dimensional criteria of
or pipe not less than 1.5 m (5 ft) in length and 12.7 mm

830.100(B)(2)(2) shall be driven, and the grounding conduc-
(1⁄2 in.) in diameter, driven, where practicable, into per-

tor shall be connected to the communications ground rod
manently damp earth and separated from lightning con-

in accordance with 830.100(C). The communications ground
ductors as covered in 800.53 and at least 1.8 m (6 ft) from

rod shall be bonded to the power grounding electrode system
electrodes of other systems. Steam or hot water pipes or

in accordance with 830.100(D).
lightning-rod conductors shall not be employed as elec-
trodes for protectors, NIUs with integral protection,(5) Run in Straight Line The grounding conductor shall

be run to the grounding electrode in as straight a line as grounded metallic members, NIUs with metallic enclo-
sures, and other equipment.practicable.
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830.106 Article 830 — Network-Powered Broadband Communications Systems

cable jacket contacts a grounded part, such as a metal water(C) Electrode Connection Connections to grounding elec-
trodes shall comply with 250.70. pipe or metal structural member, inside the building.

If a person is the interface between the two systems
(D) Bonding of Electrodes A bonding jumper not smaller and the bonding has not been done in accordance with the
than 6 AWG copper or equivalent shall be connected between Code, the high-voltage surge could result in electric shock.
the network-powered broadband communications system More common, however, is burnout of a television tuner, a
grounding electrode and the power grounding electrode sys- part that is almost always an interface between the two
tem at the building or structure served where separate elec- systems. The tuner is connected to the power system ground
trodes are used. through the grounded neutral of the power supply, even

if the television itself is not provided with an equipmentException: At mobile homes as covered in 830.106.
grounding conductor.

Also see the commentary following 250.92(B) andFPN No. 1: See 250.60 for use of lightning rods.
820.90(B).FPN No. 2: Bonding together of all separate electrodes

limits potential differences between them and between
their associated wiring systems.

830.106 Bonding and Grounding
at Mobile Homes

The most common error made in grounding network-
(A) Grounding Where there is no mobile home servicepowered broadband communications systems is connecting
equipment located in sight from and not more than 9.0 mthe cable sheath to a ground rod driven by the utility installer
(30 ft) from the exterior wall of the mobile home it serves,at a convenient location near the point of cable entry to
or there is no mobile home disconnecting means groundedthe building instead of bonding it to the electrical service
in accordance with 250.32 and located within sight fromgrounding electrode system, service raceway, or other com-
and not more than 9.0 m (30 ft) from the exterior wall ofponents that make up the grounding electrode system. A
the mobile home it serves, the network-powered broadbandseparate grounding electrode is permitted by the 2005 Code
communications cable, network interface unit, and primaryonly if the building or structure has none of the grounding
protector ground shall be installed in accordance withmeans described in 830.100(B). TheCode requires that some
830.106(B)(2).means that is accessible and external to the service equip-

ment be provided for making the bonding and grounding (B) Bonding The network-powered broadband communi-
connection for other systems. One of the following means cations cable grounding terminal, network interface unit
must be provided: grounding terminal, if present, and primary protector

grounding terminal shall be bonded together with a copper1. Exposed service raceways
bonding conductor not smaller than 12 AWG. The network-2. An exposed grounding electrode conductor
powered broadband communications cable grounding termi-3. An approved means for the external connection of a
nal, network interface unit grounding terminal, primary pro-conductor (A 6 AWG copper conductor with one end
tector grounding terminal, or the grounding electrode shallbonded to the service raceway or equipment with about
be bonded to the metal frame or available grounding terminal6 in. exposed is acceptable.)
of the mobile home with a copper bonding conductor not
smaller than 12 AWG under any of the following conditions:Proper bonding of the network-powered broadband

communications system cable sheath to the electrical power (1) Where there is no mobile home service equipment or
ground is needed to prevent potential fire and shock hazards. disconnecting means as in 830.106(A)
The earth cannot be used as an equipment grounding conduc- (2) Where the mobile home is supplied by cord and plug
tor or bonding conductor because it does not have the re-
quired low-impedance path. (See 250.54.) V. Wiring Methods Within Buildings

Both network-powered broadband communications sys-
830.133 Installation of Network-Poweredtems and power systems are subject to current surges as a
Broadband Communications Cables andresult of, for example, induced voltages from lightning in
Equipmentthe vicinity of the usually extensive outside distribution
Cable and equipment installations within buildings shallsystems. Surges also result from switching operations on
comply with 830.133(A) through 830.133(D), as applicable.power systems. If the grounded conductors and parts of the

two systems are not bonded by a low-impedance path, such (A) Separation of Conductors
line surges can raise the potential difference between the two

(1) In Raceways and Enclosuressystems to many thousands of volts. This can result in arcing
(a) Low and Medium Power Network-Powered Broad-between the two systems, for example, wherever the coaxial

band Communications Circuit Cables. Low and medium
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830.133Article 830 — Network-Powered Broadband Communications Systems

power network-powered broadband communications cables Exception No. 2: Power circuit conductors in outlet boxes,
junction boxes, or similar fittings or compartments whereshall be permitted in the same raceway or enclosure.

(b) Low-Power Network-Powered Broadband Commu- such conductors are introduced solely for power supply to
the network-powered broadband communications systemnications Circuit Cables. Low-power network-powered

broadband communications cables shall be permitted in the distribution equipment. The power circuit conductors shall
be routed within the enclosure to maintain a minimumsame raceway or enclosure with jacketed cables of any of

the following circuits: 6-mm (0.25-in.) separation from network-powered broad-
band communications cables.

(1) Class 2 and Class 3 remote-control, signaling, and
(2) Other ApplicationsNetwork-powered broadband com-power-limited circuits in compliance with Article 725
munications cable shall be separated at least 50 mm(2) Power-limited fire alarm systems in compliance with
(2 in.) from conductors of any electric light, power, ClassArticle 760
1, and non–power-limited fire alarm circuits.(3) Communications circuits in compliance with Article

800 Exception No. 1: Where either (1) all of the conductors of
(4) Nonconductive and conductive optical fiber cables in electric light, power, Class 1, and non–power-limited fire

compliance with Article 770 alarm circuits are in a raceway, or in metal-sheathed, metal-
(5) Community antenna television and radio distribution clad, nonmetallic-sheathed, Type AC, or Type UF cables, or

systems in compliance with Article 820 (2) all of the network-powered broadband communications
cables are encased in raceway.

Exception No. 2: Where the network-powered broadband(c) Medium Power Network-Powered Broadband
communications cables are permanently separated from theCommunications Circuit Cables. Medium power network-
conductors of electric light, power, Class 1, and non-power-powered broadband communications cables shall not be per-
limited fire alarm circuits by a continuous and firmly fixedmitted in the same raceway or enclosure with conductors of
nonconductor, such as porcelain tubes or flexible tubing, inany of the following circuits:
addition to the insulation on the wire.

(1) Class 2 and Class 3 remote-control, signaling, and
(B) Support of Conductors Raceways shall be used forpower-limited circuits in compliance with Article 725
their intended purpose. Network-powered broadband com-(2) Power-limited fire alarm systems in compliance with
munications cables shall not be strapped, taped, or attachedArticle 760
by any means to the exterior of any conduit or raceway as(3) Communications circuits in compliance with Article
a means of support.800

(4) Conductive optical fiber cables in compliance with Arti- (C) Cable Substitutions The substitutions for network-
cle 770 powered broadband cables listed in Table 830.133 shall be

(5) Community antenna television and radio distribution permitted. All cables in Table 830.133, other than network-
systems in compliance with Article 820 powered broadband cables, shall be coaxial cables.

(D) Installation and Use Section 110.3(B) shall apply.(d) Electric Light, Power, Class 1, Non–Powered
Broadband Communications Circuit Cables. Network-pow-

See the commentary following 300.11(B)(3).ered broadband communications cable shall not be placed
in any raceway, compartment, outlet box, junction box, or
similar fittings with conductors of electric light, power, Class
1, or non–power-limited fire alarm circuit cables.

Table 830.133 Cable Substitutions

Exception No. 1: Where all of the conductors of electric
Cable Type Permitted Cable Substitutionslight, power, Class 1, non–power-limited fire alarm circuits

are separated from all of the network-powered broadband
BM BMR

communications cables by a permanent barrier or listed
BLP CMP, CL3Pdivider.
BLR CMP, CL3P, CMR, CL3R, BLP, BMR

BL CMP, CMR, CM, CMG, CL3P, CL3R, CL3,
This exception has been revised to recognize the use of a BMR, BM, BLP, BLR
listed field-installed divider to separate the communication BLX CMP, CMR, CM, CMG, CMX, CL3P, CL3R,
circuits from the power circuits. CL3, CL3X, BMR, BM, BLP, BRP, BL
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830.151 Article 830 — Network-Powered Broadband Communications Systems

830.151 Medium Power Network-Powered Section 830.154(A) permits the use of listed Type BLP cable
Broadband Communications System for low-power network-powered broadband communica-
Wiring Methods tions circuits within plenums and other spaces used for envi-

ronmental air within buildings.Medium power network-powered broadband communica-
tions systems shall be installed within buildings using listed
Type BM or Type BMR, network-powered broadband com-

(B) Ducts, Plenums, and Other Air-Handling Spacesmunications medium power cables.
Cables installed in ducts, plenums, and other spaces used
for environmental air shall be Type BLP. Type BLX cable

Section 300.22 requires that the appropriate methods given installed in compliance with 300.22 shall be permitted.
in Chapter 3 be used for the installation of medium-power
network-powered broadband communications circuits in ple-

Used in conjunction with the definition of abandoned net-nums and other spaces used for environmental air within
work-powered broadband communications cable in 830.2buildings. There is no plenum-rated cable for medium-power
and the general requirement in 830.3(A), 830.154(B) andnetwork-powered broadband communications circuits. How-
830.154(C) require removal of accessible abandoned broad-ever, if the wiring downstream of the NIU is covered by other
band communications cable. Abandoned cable increases firearticles, then listed cable may be available.
loading unnecessarily, and, where installed in plenums, it
can affect airflow. Similar requirements can be found in
Articles 640, 645, 725, 760, 770, 800, and 820.

(A) Ducts, Plenums, and Other Air-Handling Spaces
Section 300.22 shall apply.

(C) Riser Cables installed in risers shall comply with any
(B) Riser Cables installed in vertical runs and penetrating of the requirements in 830.154(C)(1), (C)(2), or (C)(3).
more than one floor, or cables installed in vertical runs in

(1) Cables in Vertical Runs Cables installed in verticala shaft, shall be Type BMR. Floor penetrations requiring
runs and penetrating more than one floor, or cables installedType BMR shall contain only cables suitable for riser or
in vertical runs in a shaft, shall be Type BLP, BLR, or BMR.plenum use.
Floor penetrations requiring Type BMR or BLR shall contain

Exception No. 1: Type BM cables encased in metal raceway only cables suitable for riser or plenum use.
or located in a fireproof shaft that has firestops at each

(2) Metal Raceways or Fireproof Shafts Type BLX ca-floor.
bles shall be permitted to be encased in a metal raceway orException No. 2: Type BM cables in one- and two-family
located in a fireproof shaft having firestops at each floor.dwellings.

(3) One- and Two-Family Dwellings Type BLX or BL
(C) Other Wiring Cables installed in locations other than cables less than 10 mm (0.375 in.) in diameter shall be
the locations covered in 830.151(A) and 830.151(B) shall permitted in one- and two-family dwellings.
be Type BM.

(D) Other Wiring Cables installed in locations other than
Exception: Type BMU cable where the cable enters the those covered in 830.154(A), (B), and (C) shall comply with
building from the outside and is run in rigid metal conduit the requirements of 830.154(D)(1) through (D)(5).
or intermediate metal conduit, and such conduits are
grounded to an electrode in accordance with 830.100(B). (1) General Type BLP, BL, or BM shall be permitted.

(2) In Raceways Type BLX shall be permitted to be in-
830.154 Low-Power Network-Powered stalled in a raceway.
Broadband Communications System

(3) Type BLUCable Type BLU cable entering the buildingWiring Methods
from outside shall be permitted to be run in rigid metalLow-power network-powered broadband communications
conduit or intermediate metal conduit. Such conduits shallsystems shall comply with any of the requirements of
be grounded to an electrode in accordance with 830.100(B).830.154(A) through 830.154(D).

(4) One- and Two-Family Dwellings Type BLX or BL
(A) In Buildings Low-power network-powered broadband cables less than 10 mm (0.375 in.) in diameter shall be
communications systems shall be installed within buildings permitted to be installed in one- and two-family dwellings.
using listed Type BLX, Type BL, Type BLR, or Type BLP
network-powered broadband communications low-power (5) Type BLXCable Type BLX cable entering the building

from outside and terminated at a grounding block or a pri-cables.
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830.179Article 830 — Network-Powered Broadband Communications Systems

mary protection location shall be permitted to be installed, power riser cable, Type BMR, shall be factory-assembled
cables consisting of a jacketed coaxial cable, a jacketedprovided that the length of cable within the building does

not exceed 15 m (50 ft). combination of coaxial cable and multiple individual con-
ductors, or a jacketed combination of an optical fiber cable

FPN: This provision limits the length of Type BLX cable
and multiple individual conductors. The insulation for theto 15 m (50 ft), while 830.90(B) requires that the primary
individual conductors shall be rated for 300 volts minimum.protector, or NIU with integral protection, be located as
Cables intended for outdoor use shall be listed as suitableclose as practicable to the point at which the cable enters

the building. Therefore, in installations requiring a pri- for the application. Cables shall be marked in accordance
mary protector, or NIU with integral protection, Type with 310.11. Type BMU cables shall be jacketed and listed
BLX cable may not be permitted to extend 15 m (50 ft)

as being suitable for outdoor underground use. Type BMinto the building if it is practicable to place the primary
cables shall be listed as being suitable for general-purposeprotector closer than 15 m (50 ft) to the entrance point.
use, with the exception of risers and plenums, and shall also
be listed as being resistant to the spread of fire. Type BMR830.157 Protection Against Physical Damage
cables shall be listed as being suitable for use in a verticalSection 300.4 shall apply.
run in a shaft or from floor to floor and shall also be listed
as having fire-resistant characteristics capable of preventing830.160 Bends
the carrying of fire from floor to floor.

Bends in network broadband cable shall be made so as not
to damage the cable.

A rating of 300 volts is necessary for the following reasons:

1. To coordinate with protector installation requirementsVI. Listing Requirements
(i.e., protectors are not required within a block unless

830.179 Network-Powered Broadband the cable is exposed to over 300 volts)
Communications Equipment and Cables 2. To recognize the fact that primary protectors are de-
Network-powered broadband communications equipment signed to allow voltages below 300 to pass
and cables shall be listed as suitable for the purpose. 3. To accommodate the voltages ordinarily found on a

network-powered broadband communications circuitException No. 1: This listing requirement shall not apply to
(voltage up to 150 volts rms)community antenna television and radio distribution system

coaxial cables that were installed prior to January 1, 2000,
FPN No. 1: One method of defining resistant to spreadin accordance with Article 820 and are used for low-power
of fire is that the cables do not spread fire to the top ofnetwork-powered broadband communications circuits.
the tray in the vertical tray flame test in ANSI/UL 1581-

Exception No. 2: Substitute cables for network-powered 1991, Reference Standard for Electrical Wires, Cables
broadband communications cables shall be permitted as and Flexible Cords. Another method of defining resistant

to the spread of fire is for the damage (char length) notshown in Table 830.133.
to exceed 1.5 m (4 ft 11 in.) when performing the CSA
vertical flame test for cables in cable trays, as described in(A) Listing andMarking Listing and marking of network-
CSA C22.2 No. 0.3-M-1985, Test Methods for Electricalpowered broadband communications cables shall comply
Wires and Cables.

with 830.179(A)(1) or (A)(2).

See the commentary following 725.82(C), FPN, for informa-
Article 830 permits three types of listed cable: coaxial, coax-

tion on the UL vertical tray flame test.
ial with a twisted pair of conductors, and fiber optical with
a twisted pair of conductors. In the coaxial configuration,

FPN No. 2: One method of defining fire-resistant charac-power and signal are carried on the coaxial center conductor.
teristics capable of preventing the carrying of fire fromWith coaxial and a twisted pair of conductors, the signal is
floor to floor is that the cables pass the requirements ofcarried on the coaxial center conductor, and the power is
ANSI/UL 1666-2002, Standard Test for Flame Propaga-

carried on the twisted pair. The configuration of fiber optic tion Height of Electrical and Optical-Fiber Cable In-
and twisted-pair conductors carries the signal on the fiber stalled Vertically in Shafts.
and the power on the twisted pair.

See the commentary following 725.82(B), FPN, for informa-
tion on a test for defining fire-resistant characteristics capa-(1) Type BMU, Type BM, and Type BMR Cables Net-
ble of preventing fire spread from floor to floor.work-powered broadband communications medium power

underground cable, Type BMU; network-powered broad-
band communications medium power cable, Type BM; and (2) Type BLU, Type BLX, Type BL, and Type BLP Ca-

bles Network-powered broadband communications low-network-powered broadband communications medium
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830.179 Article 830 — Network-Powered Broadband Communications Systems

1 (vertical-wire) flame test in ANSI/UL 1581-1991, Ref-power underground cable, Type BLU; limited use network-
erence Standard for ElectricalWires, Cables and Flexiblepowered broadband communications low-power cable, Type
Cords.

BLX; network-powered broadband communications low-
power cable, Type BL; network-powered broadband com-

See the commentary following 725.82(D), FPN, for informa-munications low-power riser cable, Type BLR; and network-
tion on test methods for determining the fire resistance ofpowered broadband communications low-power plenum
cable.cable, Type BLP, shall be factory-assembled cables con-

sisting of a jacketed coaxial cable, a jacketed combination
of coaxial cable and multiple individual conductors, or a

FPN No. 2: One method of defining resistant to spreadjacketed combination of an optical fiber cable and multiple
of fire is that the cables do not spread fire to the top of

individual conductors. The insulation for the individual con- the tray in the vertical tray flame test in ANSI/UL 1584-
ductors shall be rated for 300 volts minimum. Cables in- 1991, Reference Standard for Electrical Wires, Cables

and Flexible Cords.tended for outdoor use shall be listed as suitable for the
application. Cables shall be marked in accordance with
310.11. Type BLU cables shall be jacketed and listed as being See the commentary following 725.82(A), FPN, for informa-
suitable for outdoor underground use. Type BLX limited-use tion on a test method for wires and cables to be installed
cables shall be listed as being suitable for use outside, for without raceways in plenums and other spaces used for
use in dwellings, and for use in raceways and shall also be environmental air.
listed as being resistant to flame spread. Type BL cables
shall be listed as being suitable for general-purpose use,
with the exception of risers and plenums, and shall also be FPN No. 3: One method of defining fire-resistant charac-

teristics capable of preventing the carrying of fire fromlisted as being resistant to the spread of fire. Type BLR
floor to floor is that the cables pass the requirements ofcables shall be listed as being suitable for use in a vertical
ANSI/UL 1666-1997, Standard Test for Flame Propaga-run in a shaft or from floor to floor and shall also be listed
tion Height of Electrical and Optical-Fiber Cable In-

as having fire-resistant characteristics capable of preventing stalled Vertically in Shafts.
the carrying of fire from floor to floor. Type BLP cables FPN No. 4: One method of defining a cable that is low
shall be listed as being suitable for use in ducts, plenums, smoke-producing cable and fire-resistant cable is that the

cable exhibits a maximum peak optical density of 0.5 orand other spaces used for environmental air and shall also
less, an average optical density of 0.15 or less, and abe listed as having adequate fire-resistant and low smoke-
maximum flame spread distance of 1.52 m (5 ft) orproducing characteristics. less when tested in accordance with NFPA 262-1999,
Standard Method of Test for Flame Travel and Smoke ofFPN No. 1: One method of determining that cable is

resistant to flame spread is by testing the cable to VW- Wires and Cables for Use in Air Handling Spaces.
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9
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Chapter 9 — Tables

Throughout the NEC, including Table 4 in Chapter 9 and
Summary of Changes Annex C, both the metric designator and the trade size of
• Table 2, Radius of Conduit Bends: Table 344.24 relo- conduit and tubing are provided.

cated to Chapter 9 to clarify that the requirements apply For further information on metrication and the revision
to conduit types other than RMC. to how conduit and tubing sizes are treated in the NEC, see

the commentary following 90.9(D) FPN No. 2 and Table
300.1(C).

Because conduits and tubing from different manufactur-Contents
ers have different internal diameters for the same trade size,Table 1 Percent of Cross Section of Conduit and
Table 4 provides the diameter and the actual area of differentTubing for Conductors
conduit and tubing types at 100, 60, 53 (one wire), 31 (twoTable 2 Radius of Conduit and Tubing Bends
wires), and 40 (more than two wires) percent fill. The 60Table 4 Dimensions and Percent Area of Conduit and
percent fill is provided in Table 4 to correlate with Note 4Tubing
to the conduit and tubing fill tables, which permits conduitTable 5 Dimensions of Insulated Conductors and
or tubing nipples 24 in. or less in length to have a conductorFixture Wires
fill of up to 60 percent. The order of the fill percentages forTable 5A Compact Aluminum Building Wire Nominal
the different raceway types covered in Table 4 have beenDimensions and Areas
revised into a more logical order. There are separate sectionsTable 8 Conductor Properties
in Table 4, to cover all metal, nonmetallic, rigid, and flexibleTable 9 Alternating-Current Resistance and Reactance
conduit and tubing types. Examples of how to use the conduitfor 600-Volt Cables, 3-Phase, 60 Hz, 75�C
and tubing conductor fill tables are included in the commen-(167�F) — Three Single Conductors in Conduit
tary both here and in Annex C.Table 11(A) Class 2 and Class 3 Alternating-Current Power

Annex C contains conductor fill tables for 12 differentSource Limitations
types of conduit and tubing. The Annex C tables, which areTable 11(B) Class 2 and Class 3 Direct-Current Power
based on the dimensions given in Tables 1 and 4 of ChapterSource Limitations
9 for conduit and tubing fill and on the dimensions forTable 12(A) PLFA Alternating-Current Power Source
conductors in Table 5 of Chapter 9, provide conductor fillLimitations
information based on the specific conduit or tubing and onTable 12(B) PLFA Direct-Current Power Source
the conductor insulation type, size, and stranding characteris-Limitations
tics. There are separate tables for metallic- and nonmetallic-
type conduit and tubing raceways and for flexible raceways.
Examples of how to use these tables are included in theAs the adoption and use of the NEC increase in areas of the
commentary both here and in Annex C.world where the metric system is the standard, it becomes

necessary to provide means to allow for the use of electrical
products with metric measurements or designations. The Table 1 Percent of Cross Section of Conduit and Tubing
revision to how conduit and tubing sizes are given in the for Conductors
NEC is a prime example of a change designed to allow for

Number of Conductors All Conductor Typesassimilation of NEC requirements in the metric world. The
1996 and 1999 editions of the NEC provided guidance in

1 53the form of fine print notes on metric conduit and tubing
2 31

designations. Beginning with the 2002 NEC, for every provi- Over 2 40
sion where the size of a conduit or tubing with a cylindrical
cross-section size was specified, two size designations were

FPN No. 1: Table 1 is based on common conditions ofgiven. The two sizing indicators, referred to as metric desig- proper cabling and alignment of conductors where the
nator and trade size, per Table 300.1(C), replaced the tradi- length of the pull and the number of bends are within
tional NEC method of using of an actual dimension for the reasonable limits. It should be recognized that, for certain

conditions, a larger size conduit or a lesser conduit fillsize designation of conduit or tubing.
should be considered.This change affects all metal, nonmetallic, rigid, and

flexible conduit and tubing types that have a cylindrical
cross-section. For example, 1⁄2 in. conduit and tubing are Table 1 establishes the maximum fill permitted for the circu-

lar conduit and tubing types. It is the basis for Table 4 andnow referred to as metric designator 16 or trade size 1⁄2; 3⁄4
in. is now metric designator 21 or trade size 3⁄4; 4 in. is now for the information on conduit and tubing fill provided in

the Annex C tables. FPN No. 1 advises that factors such asmetric designator 103 or trade size 4, and so forth.
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Chapter 9 — Tables

Notes to Tablesthe length of the run or the number and total radius of bends
can increase the difficulty of pulling conductors into the race- (1) See Annex C for the maximum number of conductors
way and in extreme cases could result in damage to conductor and fixture wires, all of the same size (total cross-sec-
insulation. To mitigate such adverse effects and to facilitate tional area including insulation) permitted in trade sizes
the ease of installing the conductors in the conduit or tubing, of the applicable conduit or tubing.
it is recommended that where a difficult installation is antici-
pated the maximum number of conductors permitted not be

Annex C is a useful tool for determining the correct size ofinstalled nor the size of the conduit or tubing be increased.
conduit or tubing based on the size and number of conductorsExperienced personnel can attest to the wisdom of this advice.
to be installed in the raceway. See the commentary in Annex
C for examples of how to use the tables.

FPN No. 2: When pulling three conductors or cables into
a raceway, if the ratio of the raceway (inside diameter) to

(2) Table 1 applies only to complete conduit or tubing sys-the conductor or cable (outside diameter) is between 2.8
tems and is not intended to apply to sections of conduitand 3.2, jamming can occur. While jamming can occur

when pulling four or more conductors or cables into a or tubing used to protect exposed wiring from physical
raceway, the probability is very low. damage.

FPN No. 2 warns of another potential pitfall associated with The maximum fill requirements do not apply to short sec-
pulling conductors into conduit or tubing. Conductor jam- tions of conduit or tubing used for the physical protection
ming mayoccur during the installation (pulling) ofconductors of conductors and cables. Cables are commonly protected
into a conduit even if fill allowances of 40 percent are ob- from physical damage by conduit or tubing sleeves sized to
served. During the installation of three conductors or cables enable the cable to be passed through with relative ease
into the raceway, it is possible that one conductor may slip without injuring or abrading the protective jacket of the
between the other two conductors. This is more likely to cable. The requirement of 300.5(D)(1) regarding physical
take place at bends, where the raceway may be slightly oval. protection of direct buried cables and conductors as they

As an example, Table C.1 in Annex C permits three 8 emerge from below grade is an example of conduit or tubing
AWG conductors in trade size 1⁄2 electrical metallic tubing

being used as a protective sleeve and not as a continuous
(EMT). Using this example, 1⁄2 in. EMT has an internal diame-

raceway system per 300.12. However, a fitting is required
ter (ID) of 0.622 in. (from Table 4), and an 8 AWG conductor

on the end(s) of the conduit or tubing to protect the conduc-has an outside diameter (OD) of 0.216 in. (from Table 5).
tors or cables from abrasion. [See 300.15(C).]The EMT in a straight run has an internal diameter of

0.622 in., but because it may not be round at a bend, one
(3) Equipment grounding or bonding conductors, where in-conductor may slip between the other two and cause a jam

stalled, shall be included when calculating conduit oras the conductors exit the bend. In a straight run, assuming no
variation in the EMT’s internal diameter or in a conductor’s tubing fill. The actual dimensions of the equipment
outside diameter, one conductor usually cannot slip between grounding or bonding conductor (insulated or bare) shall
the other two, because the total of the outside diameters of be used in the calculation.
the conductors (3 � 0.216 in. � 0.648 in.) is greater than
the EMT’s internal diameter of 0.622 in. At a bend, however, All insulated, covered, and bare conductors occupy space
the major internal diameter of the raceway may increase due within a raceway. Therefore, all installed conductors have
to bending, particularly in tubing, to a diameter slightly to be included in the raceway fill calculation, including non-
larger than 0.648 in., permitting the middle conductor to be current-carrying conductors such as equipment grounding
pulled between the outer two conductors. As the conductors conductors, bonding conductors, and bonding jumpers. The
exit the bend and the raceway returns to its normal shape

only exception to this rule is the addition of an uninsulated
with an internal diameter of 0.622 in., the conductors may

grounding conductor permitted in trade size 3⁄8 flexible metal
jam. This can also occur in straight runs where the ratio of

conduit (see the footnote to Table 348.22). The dimensionsthe raceway’s internal diameter to the conductor’s outside
of bare conductors are given in Table 8.diameter approaches 3. The jam ratio is calculated as follows:

Jam ratio �
ID of raceway

OD of conductor
�

0.622
0.216

� 2.88 (4) Where conduit or tubing nipples having a maximum
length not to exceed 600 mm (24 in.) are installed be-
tween boxes, cabinets, and similar enclosures, the nip-To avoid difficult conductor installations and potential con-
ples shall be permitted to be filled to 60 percent of theirductor insulation damage due to jamming within the conduit
total cross-sectional area, and 310.15(B)(2)(a) adjust-or tubing, a jam ratio between 2.8 and 3.2 is recommended.
ment factors need not apply to this condition.
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Chapter 9 — Tables

Solution(5) For conductors not included in Chapter 9, such as multi-
conductor cables, the actual dimensions shall be used. All the raceways for this example require conduit fill to be

calculated according to Table 1 in Chapter 9. (See 344.22
for RMC, 352.22 for RNC, and 358.22 for EMT.) Table 1For conductors not included in Chapter 9, such as high-

voltage types, the cross-sectional area can be calculated in of Chapter 9 permits conduit fill to a maximum of 40 percent
where more than two conductors are installed in the conduitthe following manner, using the actual dimensions of each

conductor: or tubing. Note 6 refers to Table 5 for the area required for
each insulated conductor. For each respective conductor size,

cross-sectional area � d2 cmil multiply the number of conductors of that size by their Table
5 area and then add all the conductor areas to determine thewhere:
total conductor-occupied space within the conduit. Note 6

d� outside diameter of a conductor (including insula-
refers to Table 4 for selection of the appropriate trade size

tion) [1 in. � 1000 mil (1 mil � 0.001 in.)]
conduit or tubing. Table 4 contains the allowable cross-

cmil � circular mil, a unit measure of area equal to �/4 sectional area for conduit and tubing based on conductor-
(3.1416/4 � 0.7854) square mil. In other words, 1 occupied space (40 percent maximum in this example).
cmil � 0.7854 square mil. Step 1. Calculate the total area occupied by the conductors,

using the approximate areas listed in Table 5.
Example

Four 4/0 AWG XHHW:Three 15 kV single conductors are to be installed in rigid
metal conduit (RMC). The outside diameter of each conduc- 4 � 0.3197 in.2 = 1.2788 in.2
tor measures 15⁄8 in., or 1.625 in. What size RMC will accom-

One 6 AWG XHHW:modate the three conductors?

1 � 0.0590 in.2 = 0.0590 in.2
Solution

Total area = 1.3378 in.2, or 1.338 in.2Step 1. Find the area within the cross-section of the conduit
Step 2. Determine the proper trade size EMT, RMC, andthat will be displaced by the three conductors:
RNC (Schedule 40) from Table 4. The portion of this feeder

1.625 in. � 1.625 in. � 0.7854 � 3 installed in EMT requires a minimum trade size 2. Trade
= 6.2218 in.2, or 6.222 in.2 size 2 EMT has 1.342 in.2 of available space for over two

conductors, and the minimum required space is 1.338 in.2,Step 2. Determine the size conduit that will accommodate
which is less than the trade size 2 EMT 40 percent fill. RMCthe three conductors. Table 1 allows 40 percent conduit fill
also requires a minimum trade size 2, because trade size 2for three or more conductors, and Table 4 indicates that 40
RMC has 1.363 in.2 of available space for over two conduc-percent of trade size 5 RMC is 8.085 in.2 Thus, trade size
tors. RNC (Schedule 40), however, requires a minimum5 RMC will accommodate three 15 kV single conductors.
trade size 21⁄2. Trade size 2 RNC has 1.316 in.2 allowable
space for over two conductors and is less than the 1.338

(6) For combinations of conductors of different sizes, use in.2 required for this combination of conductors. Therefore,
Tables 5 and 5A for dimensions of conductors and Table it is necessary to increase the RNC size to 21⁄2 trade size,
4 for the applicable conduit or tubing dimensions. the next standard size increment.

Example
The following two examples demonstrate how to calculate Determine the minimum size rigid metal conduit (RMC)
the minimum trade size conduit or tubing required where allowed for the 10 mixed conductor sizes and types described
there are conductors of different sizes. in Commentary Table 9.1.

Example Commentary Table 9.1 Conductor Sizes and Types for Example
A 200-ampere feeder is routed in various wiring methods
[electrical metallic tubing (EMT); rigid nonmetallic conduit Cross-Sectional

Wire Size Area of Each Wire Cross-Sectional(RNC), Schedule 40; and rigid metal conduit (RMC)] from
Quantity and Type (from Table 5) Areathe main switchboard in one building to a distribution pan-

elboard in another building. The circuit consists of four
4 12 AWG THWN 0.0133 0.0532

4/0 AWG XHHW copper conductors and one 6 AWG 3 8 AWG TW 0.0437 0.1311
XHHW copper conductor. Select the proper trade size for 3 6 AWG THW 0.0726 0.2178
the various types of conduit and tubing to be used for the Total 0.4021
feeder.
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Chapter 9 — Tables

Solution installation of the conductors. This number of conductors
does have to be addressed from a mutual heating effect inThe ‘‘Over 2 Wires’’ column in Table 4 indicates that 40
accordance with 310.15(B)(2)(a). It is important to bearpercent of a trade size 11⁄4 RMC is 0.610 in.2. Therefore,
in mind that this is the maximum number of conductorstrade size 11⁄4 is the minimum size RMC allowed for this
permitted, and in accordance with FPN No.1 to Table 1 incombination of 10 conductors.
Chapter 9, an installation with fewer than the maximum
number of conductors allowed may be prudent.(7) When calculating the maximum number of conductors

Verification of this solution can be found in Annex C,permitted in a conduit or tubing, all of the same size
Table C.8, which lists twenty-nine 10 AWG THWN conduc-(total cross-sectional area including insulation), the next
tors as the maximum number of conductors permitted inhigher whole number shall be used to determine the
trade size 11⁄4 RMC. Several examples of the application ofmaximum number of conductors permitted when the
Note 7 are found in the Annex C tables. Where the calcula-calculation results in a decimal of 0.8 or larger.
tion results in a decimal value less than 0.8, the maximum
number of conductors permitted is based on the next lowerExample
whole number.

Determine how many 10 AWG THHN conductors are per-
mitted in a trade size 11⁄4 rigid metal conduit (RMC).

(8) Where bare conductors are permitted by other sections
Solution of this Code, the dimensions for bare conductors in

Table 8 shall be permitted.Table 1 permits 40 percent fill for over two conductors.
(9) A multiconductor cable of two or more conductors shallFrom Table 4, 40 percent fill for trade size 11⁄4 RMC is 0.610

be treated as a single conductor for calculating percent-in., and from Table 5, the cross-sectional area of a 10 AWG
age conduit fill area. For cables that have elliptical crossTHHN conductor is 0.0211 in.2. The number of conductors
sections, the cross-sectional area calculation shall bepermitted is calculated as follows:
based on using the major diameter of the ellipse as a
circle diameter.0.610 in.2

0.0211 in.2 per conductor
� 28.910 conductors

Based on the maximum allowable fill of 40 percent Table 2 was formerly included in Article 344 as Table 344.24.
Although its location in past editions of theNECwas in Articlefrom Table 1, the number of 10 AWG THHN conductors in

trade size 11⁄4 RMC cannot exceed 28. However, in accor- 344, Rigid Metal Conduit, the requirements on minimum
bending radius (depending on the type of bending equipmentdance with Note 7, an increase to the next whole number

of 29 conductors is permitted in this case. That is because employed) contained in that table applied to all the rigid,
flexible, metallic, and nonmetallic conduit and tubing types0.910 is greater than 0.8, which is the benchmark for de-

termining whether an increase to the next whole number for via references to Table 344.24 found in the xxx.24 sections
of the respective conduit and tubing articles. Because of itsthe maximum number of conductors is permitted. Although

increasing the total to 29 conductors results in the raceway widespread application for all the circular conduit and tubing
types, this table is more appropriately located in Chapter 9fill exceeding 40 percent, the amount by which it is exceeded

is a fraction of 1 percent and will not adversely affect the with the other tables that apply to these types of raceways.

Table 2 Radius of Conduit and Tubing Bends

One Shot and Full
Conduit or Tubing Size Shoe Benders Other Bends

Metric Designator Trade Size mm in. mm in.

16 1⁄2 101.6 4 101.6 4
21 3⁄4 114.3 41⁄2 127 5
27 1 146.05 53⁄4 152.4 6
35 11⁄4 184.15 71⁄4 203.2 8
41 11⁄2 209.55 81⁄4 254 10
53 2 241.3 91⁄2 304.8 12
63 21⁄2 266.7 101⁄2 381 15
78 3 330.2 13 457.2 18
91 31⁄2 381 15 533.4 21

103 4 406.4 16 609.6 24
129 5 609.6 24 762 30
155 6 762 30 914.4 36
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Chapter 9 — Tables

Table 4 Dimensions and Percent Area of Conduit and Tubing (Areas of Conduit or Tubing for the
Combinations of Wires Permitted in Table 1, Chapter 9)

Article 358 — Electrical Metallic Tubing (EMT)

Nominal
Internal Total Area 1 Wire 2 Wires Over 2 Wires
Diameter 100% 60% 53% 31% 40%

Metric Trade
Designator Size mm in. mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2

16 1⁄2 15.8 0.622 196 0.304 118 0.182 104 0.161 61 0.094 78 0.122
21 3⁄4 20.9 0.824 343 0.533 206 0.320 182 0.283 106 0.165 137 0.213
27 1 26.6 1.049 556 0.864 333 0.519 295 0.458 172 0.268 222 0.346
35 11⁄4 35.1 1.380 968 1.496 581 0.897 513 0.793 300 0.464 387 0.598
41 11⁄2 40.9 1.610 1314 2.036 788 1.221 696 1.079 407 0.631 526 0.814
53 2 52.5 2.067 2165 3.356 1299 2.013 1147 1.778 671 1.040 866 1.342
63 21⁄2 69.4 2.731 3783 5.858 2270 3.515 2005 3.105 1173 1.816 1513 2.343
78 3 85.2 3.356 5701 8.846 3421 5.307 3022 4.688 1767 2.742 2280 3.538
91 31⁄2 97.4 3.834 7451 11.545 4471 6.927 3949 6.119 2310 3.579 2980 4.618

103 4 110.1 4.334 9521 14.753 5712 8.852 5046 7.819 2951 4.573 3808 5.901

Article 362 — Electrical Nonmetallic Tubing (ENT)

Nominal
Internal Total Area 1 Wire 2 Wires Over 2 Wires
Diameter 100% 60% 53% 31% 40%

Metric Trade
Designator Size mm in. mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2

16 1⁄2 14.2 0.560 158 0.246 95 0.148 84 0.131 49 0.076 63 0.099
21 3⁄4 19.3 0.760 293 0.454 176 0.272 155 0.240 91 0.141 117 0.181
27 1 25.4 1.000 507 0.785 304 0.471 269 0.416 157 0.243 203 0.314
35 11⁄4 34.0 1.340 908 1.410 545 0.846 481 0.747 281 0.437 363 0.564
41 11⁄2 39.9 1.570 1250 1.936 750 1.162 663 1.026 388 0.600 500 0.774
53 2 51.3 2.020 2067 3.205 1240 1.923 1095 1.699 641 0.993 827 1.282
63 21⁄2 — — — — — — — — — — — —
78 3 — — — — — — — — — — — —
91 31⁄2 — — — — — — — — — — — —

Article 348 — Flexible Metal Conduit (FMC)

Nominal
Internal Total Area 1 Wire 2 Wires Over 2 Wires
Diameter 100% 60% 53% 31% 40%

Metric Trade
Designator Size mm in. mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2

12 3⁄8 9.7 0.384 74 0.116 44 0.069 39 0.061 23 0.036 30 0.046
16 1⁄2 16.1 0.635 204 0.317 122 0.190 108 0.168 63 0.098 81 0.127
21 3⁄4 20.9 0.824 343 0.533 206 0.320 182 0.283 106 0.165 137 0.213
27 1 25.9 1.020 527 0.817 316 0.490 279 0.433 163 0.253 211 0.327
35 11⁄4 32.4 1.275 824 1.277 495 0.766 437 0.677 256 0.396 330 0.511
41 11⁄2 39.1 1.538 1201 1.858 720 1.115 636 0.985 372 0.576 480 0.743
53 2 51.8 2.040 2107 3.269 1264 1.961 1117 1.732 653 1.013 843 1.307
63 21⁄2 63.5 2.500 3167 4.909 1900 2.945 1678 2.602 982 1.522 1267 1.963
78 3 76.2 3.000 4560 7.069 2736 4.241 2417 3.746 1414 2.191 1824 2.827
91 31⁄2 88.9 3.500 6207 9.621 3724 5.773 3290 5.099 1924 2.983 2483 3.848

103 4 101.6 4.000 8107 12.566 4864 7.540 4297 6.660 2513 3.896 3243 5.027
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Chapter 9 — Tables

Table 4 Continued

Article 342 — Intermediate Metal Conduit (IMC)

Nominal
Internal Total Area 1 Wire 2 Wires Over 2 Wires
Diameter 100% 60% 53% 31% 40%

Metric Trade
Designator Size mm in. mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2

12 3⁄8 — — — — — — — — — — — —
16 1⁄2 16.8 0.660 222 0.342 133 0.205 117 0.181 69 0.106 89 0.137
21 3⁄4 21.9 0.864 377 0.586 226 0.352 200 0.311 117 0.182 151 0.235
27 1 28.1 1.105 620 0.959 372 0.575 329 0.508 192 0.297 248 0.384
35 11⁄4 36.8 1.448 1064 1.647 638 0.988 564 0.873 330 0.510 425 0.659
41 11⁄2 42.7 1.683 1432 2.225 859 1.335 759 1.179 444 0.690 573 0.890
53 2 54.6 2.150 2341 3.630 1405 2.178 1241 1.924 726 1.125 937 1.452
63 21⁄2 64.9 2.557 3308 5.135 1985 3.081 1753 2.722 1026 1.592 1323 2.054
78 3 80.7 3.176 5115 7.922 3069 4.753 2711 4.199 1586 2.456 2046 3.169
91 31⁄2 93.2 3.671 6822 10.584 4093 6.351 3616 5.610 2115 3.281 2729 4.234

103 4 105.4 4.166 8725 13.631 5235 8.179 4624 7.224 2705 4.226 3490 5.452

Article 356— Liquidtight Flexible Nonmetallic Conduit (LFNC-B*)

Nominal
Internal Total Area 1 Wire 2 Wires Over 2 WiresDiameter 100% 60% 53% 31% 40%Metric Trade

Designator Size mm in. mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2

12 3⁄8 12.5 0.494 123 0.192 74 0.115 65 0.102 38 0.059 49 0.077
16 1⁄2 16.1 0.632 204 0.314 122 0.188 108 0.166 63 0.097 81 0.125
21 3⁄4 21.1 0.830 350 0.541 210 0.325 185 0.287 108 0.168 140 0.216
27 1 26.8 1.054 564 0.873 338 0.524 299 0.462 175 0.270 226 0.349
35 11⁄4 35.4 1.395 984 1.528 591 0.917 522 0.810 305 0.474 394 0.611
41 11⁄2 40.3 1.588 1276 1.981 765 1.188 676 1.050 395 0.614 510 0.792
53 2 51.6 2.033 2091 3.246 1255 1.948 1108 1.720 648 1.006 836 1.298

*Corresponds to 356.2(2)

Article 356 — Liquidtight Flexible Nonmetallic Conduit (LFNC-A*)

Nominal
Internal Total Area 1 Wire 2 Wires Over 2 Wires
Diameter 100% 60% 53% 31% 40%

Metric Trade
Designator Size mm in. mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2

12 3⁄8 12.6 0.495 125 0.192 75 0.115 66 0.102 39 0.060 50 0.077
16 1⁄2 16.0 0.630 201 0.312 121 0.187 107 0.165 62 0.097 80 0.125
21 3⁄4 21.0 0.825 346 0.535 208 0.321 184 0.283 107 0.166 139 0.214
27 1 26.5 1.043 552 0.854 331 0.513 292 0.453 171 0.265 221 0.342
35 11⁄4 35.1 1.383 968 1.502 581 0.901 513 0.796 300 0.466 387 0.601
41 11⁄2 40.7 1.603 1301 2.018 781 1.211 690 1.070 403 0.626 520 0.807
53 2 52.4 2.063 2157 3.343 1294 2.006 1143 1.772 669 1.036 863 1.337

*Corresponds to 356.2(1)
(continues)
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Chapter 9 — Tables

Table 4 Continued

Article 350 — Liquidtight Flexible Metal Conduit (LFMC)

Nominal
Internal Total Area 1 Wire 2 Wires Over 2 Wires
Diameter 100% 60% 53% 31% 40%

Metric Trade
Designator Size mm in. mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2

12 3⁄8 12.5 0.494 123 0.192 74 0.115 65 0.102 38 0.059 49 0.077
16 1⁄2 16.1 0.632 204 0.314 122 0.188 108 0.166 63 0.097 81 0.125
21 3⁄4 21.1 0.830 350 0.541 210 0.325 185 0.287 108 0.168 140 0.216
27 1 26.8 1.054 564 0.873 338 0.524 299 0.462 175 0.270 226 0.349
35 11⁄4 35.4 1.395 984 1.528 591 0.917 522 0.810 305 0.474 394 0.611
41 11⁄2 40.3 1.588 1276 1.981 765 1.188 676 1.050 395 0.614 510 0.792
53 2 51.6 2.033 2091 3.246 1255 1.948 1108 1.720 648 1.006 836 1.298
63 21⁄2 63.3 2.493 3147 4.881 1888 2.929 1668 2.587 976 1.513 1259 1.953
78 3 78.4 3.085 4827 7.475 2896 4.485 2559 3.962 1497 2.317 1931 2.990
91 31⁄2 89.4 3.520 6277 9.731 3766 5.839 3327 5.158 1946 3.017 2511 3.893

103 4 102.1 4.020 8187 12.692 4912 7.615 4339 6.727 2538 3.935 3275 5.077
129 5 — — — — — — — — — — — —
155 6 — — — — — — — — — — — —

Article 344 — Rigid Metal Conduit (RMC)

Nominal
Internal Total Area 1 Wire 2 Wires Over 2 Wires
Diameter 100% 60% 53% 31% 40%

Metric Trade
Designator Size mm in. mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2

12 3⁄8 — — — — — — — — — — — —
16 1⁄2 16.1 0.632 204 0.314 122 0.188 108 0.166 63 0.097 81 0.125
21 3⁄4 21.2 0.836 353 0.549 212 0.329 187 0.291 109 0.170 141 0.220
27 1 27.0 1.063 573 0.887 344 0.532 303 0.470 177 0.275 229 0.355
35 11⁄4 35.4 1.394 984 1.526 591 0.916 522 0.809 305 0.473 394 0.610
41 11⁄2 41.2 1.624 1333 2.071 800 1.243 707 1.098 413 0.642 533 0.829
53 2 52.9 2.083 2198 3.408 1319 2.045 1165 1.806 681 1.056 879 1.363
63 21⁄2 63.2 2.489 3137 4.866 1882 2.919 1663 2.579 972 1.508 1255 1.946
78 3 78.5 3.090 4840 7.499 2904 4.499 2565 3.974 1500 2.325 1936 3.000
91 31⁄2 90.7 3.570 6461 10.010 3877 6.006 3424 5.305 2003 3.103 2584 4.004

103 4 102.9 4.050 8316 12.882 4990 7.729 4408 6.828 2578 3.994 3326 5.153
129 5 128.9 5.073 13050 20.212 7830 12.127 6916 10.713 4045 6.266 5220 8.085
155 6 154.8 6.093 18821 29.158 11292 17.495 9975 15.454 5834 9.039 7528 11.663

Article 352 — Rigid PVC Conduit (RNC), Schedule 80

Nominal
Internal Total Area 1 Wire 2 Wires Over 2 Wires
Diameter 100% 60% 53% 31% 40%

Metric Trade
Designator Size mm in. mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2

12 3⁄8 — — — — — — — — — — — —
16 1⁄2 13.4 0.526 141 0.217 85 0.130 75 0.115 44 0.067 56 0.087
21 3⁄4 18.3 0.722 263 0.409 158 0.246 139 0.217 82 0.127 105 0.164
27 1 23.8 0.936 445 0.688 267 0.413 236 0.365 138 0.213 178 0.275
35 11⁄4 31.9 1.255 799 1.237 480 0.742 424 0.656 248 0.383 320 0.495
41 11⁄2 37.5 1.476 1104 1.711 663 1.027 585 0.907 342 0.530 442 0.684
53 2 48.6 1.913 1855 2.874 1113 1.725 983 1.523 575 0.891 742 1.150
63 21⁄2 58.2 2.290 2660 4.119 1596 2.471 1410 2.183 825 1.277 1064 1.647
78 3 72.7 2.864 4151 6.442 2491 3.865 2200 3.414 1287 1.997 1660 2.577
91 31⁄2 84.5 3.326 5608 8.688 3365 5.213 2972 4.605 1738 2.693 2243 3.475

103 4 96.2 3.786 7268 11.258 4361 6.755 3852 5.967 2253 3.490 2907 4.503
129 5 121.1 4.768 11518 17.855 6911 10.713 6105 9.463 3571 5.535 4607 7.142
155 6 145.0 5.709 16513 25.598 9908 15.359 8752 13.567 5119 7.935 6605 10.239
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Chapter 9 — Tables

Table 4 Continued

Articles 352 and 353 — Rigid PVC Conduit (RNC), Schedule 40, and HDPE Conduit

Nominal
Internal Total Area 1 Wire 2 Wires Over 2 Wires
Diameter 100% 60% 53% 31% 40%

Metric Trade
Designator Size mm in. mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2

12 3⁄8 — — — — — — — — — — — —
16 1⁄2 15.3 0.602 184 0.285 110 0.171 97 0.151 57 0.088 74 0.114
21 3⁄4 20.4 0.804 327 0.508 196 0.305 173 0.269 101 0.157 131 0.203
27 1 26.1 1.029 535 0.832 321 0.499 284 0.441 166 0.258 214 0.333
35 11⁄4 34.5 1.360 935 1.453 561 0.872 495 0.770 290 0.450 374 0.581
41 11⁄2 40.4 1.590 1282 1.986 769 1.191 679 1.052 397 0.616 513 0.794
53 2 52.0 2.047 2124 3.291 1274 1.975 1126 1.744 658 1.020 849 1.316
63 21⁄2 62.1 2.445 3029 4.695 1817 2.817 1605 2.488 939 1.455 1212 1.878
78 3 77.3 3.042 4693 7.268 2816 4.361 2487 3.852 1455 2.253 1877 2.907
91 31⁄2 89.4 3.521 6277 9.737 3766 5.842 3327 5.161 1946 3.018 2511 3.895

103 4 101.5 3.998 8091 12.554 4855 7.532 4288 6.654 2508 3.892 3237 5.022
129 5 127.4 5.016 12748 19.761 7649 11.856 6756 10.473 3952 6.126 5099 7.904
155 6 153.2 6.031 18433 28.567 11060 17.140 9770 15.141 5714 8.856 7373 11.427

Article 352 — Type A, Rigid PVC Conduit (RNC)

Nominal
Internal Total Area 1 Wire 2 Wires Over 2 Wires
Diameter 100% 60% 53% 31% 40%

Metric Trade
Designator Size mm in. mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2

16 1⁄2 17.8 0.700 249 0.385 149 0.231 132 0.204 77 0.119 100 0.154
21 3⁄4 23.1 0.910 419 0.650 251 0.390 222 0.345 130 0.202 168 0.260
27 1 29.8 1.175 697 1.084 418 0.651 370 0.575 216 0.336 279 0.434
35 11⁄4 38.1 1.500 1140 1.767 684 1.060 604 0.937 353 0.548 456 0.707
41 11⁄2 43.7 1.720 1500 2.324 900 1.394 795 1.231 465 0.720 600 0.929
53 2 54.7 2.155 2350 3.647 1410 2.188 1245 1.933 728 1.131 940 1.459
63 21⁄2 66.9 2.635 3515 5.453 2109 3.272 1863 2.890 1090 1.690 1406 2.181
78 3 82.0 3.230 5281 8.194 3169 4.916 2799 4.343 1637 2.540 2112 3.278
91 31⁄2 93.7 3.690 6896 10.694 4137 6.416 3655 5.668 2138 3.315 2758 4.278

103 4 106.2 4.180 8858 13.723 5315 8.234 4695 7.273 2746 4.254 3543 5.489
129 5 — — — — — — — — — — — —
155 6 — — — — — — — — — — — —

Article 352 — Type EB, PVC Conduit (RNC)

Nominal
Internal Total Area 1 Wire 2 Wires Over 2 Wires
Diameter 100% 60% 53% 31% 40%

Metric Trade
Designator Size mm in. mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2 mm2 in.2

16 1⁄2 — — — — — — — — — — — —
21 3⁄4 — — — — — — — — — — — —
27 1 — — — — — — — — — — — —
35 11⁄4 — — — — — — — — — — — —
41 11⁄2 — — — — — — — — — — — —
53 2 56.4 2.221 2498 3.874 1499 2.325 1324 2.053 774 1.201 999 1.550
63 21⁄2 — — — — — — — — — — — —
78 3 84.6 3.330 5621 8.709 3373 5.226 2979 4.616 1743 2.700 2248 3.484
91 31⁄2 96.6 3.804 7329 11.365 4397 6.819 3884 6.023 2272 3.523 2932 4.546

103 4 108.9 4.289 9314 14.448 5589 8.669 4937 7.657 2887 4.479 3726 5.779
129 5 135.0 5.316 14314 22.195 8588 13.317 7586 11.763 4437 6.881 5726 8.878
155 6 160.9 6.336 20333 31.530 12200 18.918 10776 16.711 6303 9.774 8133 12.612
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Chapter 9 — Tables

Table 5 Dimensions of Insulated Conductors and Fixture Wires

Approximate Diameter Approximate Area
Size (AWG or

Type kcmil) mm in. mm2 in.2

Type: FFH-2, RFH-1, RFH-2, RHH*, RHW*, RHW-2*, RHH, RHW, RHW-2, SF-1, SF-2, SFF-1, SFF-2, TF, TFF, THHW, THW,
THW-2, TW, XF, XFF

RFH-2, FFH-2 18 3.454 0.136 9.355 0.0145
16 3.759 0.148 11.10 0.0172

RHH, RHW, RHW-2 14 4.902 0.193 18.90 0.0293
12 5.385 0.212 22.77 0.0353
10 5.994 0.236 28.19 0.0437
8 8.280 0.326 53.87 0.0835

6 9.246 0.364 67.16 0.1041
4 10.46 0.412 86.00 0.1333
3 11.18 0.440 98.13 0.1521
2 11.99 0.472 112.9 0.1750
1 14.78 0.582 171.6 0.2660

1/0 15.80 0.622 196.1 0.3039
2/0 16.97 0.668 226.1 0.3505
3/0 18.29 0.720 262.7 0.4072
4/0 19.76 0.778 306.7 0.4754

250 22.73 0.895 405.9 0.6291
300 24.13 0.950 457.3 0.7088
350 25.43 1.001 507.7 0.7870
400 26.62 1.048 556.5 0.8626
500 28.78 1.133 650.5 1.0082
600 31.57 1.243 782.9 1.2135

700 33.38 1.314 874.9 1.3561
750 34.24 1.348 920.8 1.4272
800 35.05 1.380 965.0 1.4957
900 36.68 1.444 1057 1.6377

1000 38.15 1.502 1143 1.7719

1250 43.92 1.729 1515 2.3479
1500 47.04 1.852 1738 2.6938
1750 49.94 1.966 1959 3.0357
2000 52.63 2.072 2175 3.3719

SF-2, SFF-2 18 3.073 0.121 7.419 0.0115
16 3.378 0.133 8.968 0.0139
14 3.759 0.148 11.10 0.0172

SF-1, SFF-1 18 2.311 0.091 4.194 0.0065

RFH-1, XF, XFF 18 2.692 0.106 5.161 0.0080

TF, TFF, XF, XFF 16 2.997 0.118 7.032 0.0109

TW, XF, XFF, 14 3.378 0.133 8.968 0.0139
THHW, THW,
THW-2

TW, THHW, THW, 12 3.861 0.152 11.68 0.0181
THW-2 10 4.470 0.176 15.68 0.0243

8 5.994 0.236 28.19 0.0437

RHH*, RHW*, 14 4.140 0.163 13.48 0.0209
RHW-2*

RHH*, RHW*, 12 4.623 0.182 16.77 0.0260
RHW-2*, XF, XFF
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Chapter 9 — Tables

Table 5 Continued

Approximate Diameter Approximate Area
Size (AWG or

Type kcmil) mm in. mm2 in.2

Type: RHH*, RHW*, RHW-2*, THHN, THHW, THW, THW-2, TFN, TFFN, THWN, THWN-2, XF, XFF

RHH,* RHW,* 10 5.232 0.206 21.48 0.0333
RHW-2,* XF, XFF

RHH*, RHW*, 8 6.756 0.266 35.87 0.0556
RHW-2*

TW, THW, THHW, 6 7.722 0.304 46.84 0.0726
THW-2, RHH*, 4 8.941 0.352 62.77 0.0973
RHW*, RHW-2* 3 9.652 0.380 73.16 0.1134

2 10.46 0.412 86.00 0.1333
1 12.50 0.492 122.6 0.1901

1/0 13.51 0.532 143.4 0.2223
2/0 14.68 0.578 169.3 0.2624
3/0 16.00 0.630 201.1 0.3117
4/0 17.48 0.688 239.9 0.3718

250 19.43 0.765 296.5 0.4596
300 20.83 0.820 340.7 0.5281
350 22.12 0.871 384.4 0.5958
400 23.32 0.918 427.0 0.6619
500 25.48 1.003 509.7 0.7901
600 28.27 1.113 627.7 0.9729

700 30.07 1.184 710.3 1.1010
750 30.94 1.218 751.7 1.1652
800 31.75 1.250 791.7 1.2272
900 33.38 1.314 874.9 1.3561

1000 34.85 1.372 953.8 1.4784

1250 39.09 1.539 1200 1.8602
1500 42.21 1.662 1400 2.1695
1750 45.11 1.776 1598 2.4773
2000 47.80 1.882 1795 2.7818

TFN, TFFN 18 2.134 0.084 3.548 0.0055
16 2.438 0.096 4.645 0.0072

THHN, THWN, 14 2.819 0.111 6.258 0.0097
THWN-2 12 3.302 0.130 8.581 0.0133

10 4.166 0.164 13.61 0.0211
8 5.486 0.216 23.61 0.0366
6 6.452 0.254 32.71 0.0507
4 8.230 0.324 53.16 0.0824
3 8.941 0.352 62.77 0.0973
2 9.754 0.384 74.71 0.1158
1 11.33 0.446 100.8 0.1562

1/0 12.34 0.486 119.7 0.1855
2/0 13.51 0.532 143.4 0.2223
3/0 14.83 0.584 172.8 0.2679
4/0 16.31 0.642 208.8 0.3237

250 18.06 0.711 256.1 0.3970
300 19.46 0.766 297.3 0.4608

Type: FEP, FEPB, PAF, PAFF, PF, PFA, PFAH, PFF, PGF, PGFF, PTF, PTFF, TFE, THHN, THWN, THWN-2, Z, ZF, ZFF

THHN, THWN, 350 20.75 0.817 338.2 0.5242
THWN-2 400 21.95 0.864 378.3 0.5863

500 24.10 0.949 456.3 0.7073

(continues)
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Chapter 9 — Tables

Table 5 Continued

Approximate Diameter Approximate Area
Size (AWG or

Type kcmil) mm in. mm2 in.2

600 26.70 1.051 559.7 0.8676
700 28.50 1.122 637.9 0.9887
750 29.36 1.156 677.2 1.0496
800 30.18 1.188 715.2 1.1085
900 31.80 1.252 794.3 1.2311

1000 33.27 1.310 869.5 1.3478

PF, PGFF, PGF, PFF, 18 2.184 0.086 3.742 0.0058
PTF, PAF, PTFF, 16 2.489 0.098 4.839 0.0075
PAFF

PF, PGFF, PGF, PFF, 14 2.870 0.113 6.452 0.0100
PTF, PAF, PTFF,
PAFF, TFE, FEP,
PFA, FEPB, PFAH

TFE, FEP, PFA, 12 3.353 0.132 8.839 0.0137
FEPB, PFAH 10 3.962 0.156 12.32 0.0191

8 5.232 0.206 21.48 0.0333
6 6.198 0.244 30.19 0.0468
4 7.417 0.292 43.23 0.0670
3 8.128 0.320 51.87 0.0804
2 8.941 0.352 62.77 0.0973

TFE, PFAH 1 10.72 0.422 90.26 0.1399

TFE, PFA, PFAH, Z 1/0 11.73 0.462 108.1 0.1676
2/0 12.90 0.508 130.8 0.2027
3/0 14.22 0.560 158.9 0.2463
4/0 15.70 0.618 193.5 0.3000

ZF, ZFF 18 1.930 0.076 2.903 0.0045
16 2.235 0.088 3.935 0.0061

Z, ZF, ZFF 14 2.616 0.103 5.355 0.0083

Z 12 3.099 0.122 7.548 0.0117
10 3.962 0.156 12.32 0.0191

8 4.978 0.196 19.48 0.0302
6 5.944 0.234 27.74 0.0430
4 7.163 0.282 40.32 0.0625
3 8.382 0.330 55.16 0.0855
2 9.195 0.362 66.39 0.1029
1 10.21 0.402 81.87 0.1269

Type: KF-1, KF-2, KFF-1, KFF-2, XHH, XHHW, XHHW-2, ZW

XHHW, ZW, 14 3.378 0.133 8.968 0.0139
XHHW-2, XHH 12 3.861 0.152 11.68 0.0181

10 4.470 0.176 15.68 0.0243
8 5.994 0.236 28.19 0.0437
6 6.960 0.274 38.06 0.0590
4 8.179 0.322 52.52 0.0814
3 8.890 0.350 62.06 0.0962
2 9.703 0.382 73.94 0.1146

XHHW, XHHW-2, 1 11.23 0.442 98.97 0.1534
XHH

1/0 12.24 0.482 117.7 0.1825
2/0 13.41 0.528 141.3 0.2190
3/0 14.73 0.58 170.5 0.2642
4/0 16.21 0.638 206.3 0.3197
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Chapter 9 — Tables

Table 5 Continued

Approximate Diameter Approximate Area
Size (AWG or

Type kcmil) mm in. mm2 in.2

250 17.91 0.705 251.9 0.3904
300 19.30 0.76 292.6 0.4536
350 20.60 0.811 333.3 0.5166
400 21.79 0.858 373.0 0.5782
500 23.95 0.943 450.6 0.6984

600 26.75 1.053 561.9 0.8709
700 28.55 1.124 640.2 0.9923
750 29.41 1.158 679.5 1.0532
800 30.23 1.190 717.5 1.1122
900 31.85 1.254 796.8 1.2351

1000 33.32 1.312 872.2 1.3519
1250 37.57 1.479 1108 1.7180
1500 40.69 1.602 1300 2.0157
1750 43.59 1.716 1492 2.3127
2000 46.28 1.822 1682 2.6073

KF-2, KFF-2 18 1.600 0.063 2.000 0.0031
16 1.905 0.075 2.839 0.0044
14 2.286 0.090 4.129 0.0064
12 2.769 0.109 6.000 0.0093
10 3.378 0.133 8.968 0.0139

KF-1, KFF-1 18 1.448 0.057 1.677 0.0026
16 1.753 0.069 2.387 0.0037
14 2.134 0.084 3.548 0.0055
12 2.616 0.103 5.355 0.0083
10 3.226 0.127 8.194 0.0127

*Types RHH, RHW, and RHW-2 without outer covering.
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Chapter 9 — Tables

Table 5A Compact Aluminum Building Wire Nominal Dimensions* and Areas

Bare Types THW and THHW Type THHN Type XHHW
Conductor

Approximate Approximate Approximate Approximate Approximate ApproximateSize Size
Diameter Diameter Area Diameter Area Diameter Area(AWG (AWG

or or
kcmil) mm in. mm in. mm2 in.2 mm in. mm2 in.2 mm in. mm2 in.2 kcmil)

8 3.404 0.134 6.477 0.255 32.90 0.0510 — — — — 5.690 0.224 25.42 0.0394 8
6 4.293 0.169 7.366 0.290 42.58 0.0660 6.096 0.240 29.16 0.0452 6.604 0.260 34.19 0.0530 6
4 5.410 0.213 8.509 0.335 56.84 0.0881 7.747 0.305 47.10 0.0730 7.747 0.305 47.10 0.0730 4
2 6.807 0.268 9.906 0.390 77.03 0.1194 9.144 0.360 65.61 0.1017 9.144 0.360 65.61 0.1017 2
1 7.595 0.299 11.81 0.465 109.5 0.1698 10.54 0.415 87.23 0.1352 10.54 0.415 87.23 0.1352 1

1/0 8.534 0.336 12.70 0.500 126.6 0.1963 11.43 0.450 102.6 0.1590 11.43 0.450 102.6 0.1590 1/0
2/0 9.550 0.376 13.84 0.545 150.5 0.2332 12.57 0.495 124.1 0.1924 12.45 0.490 121.6 0.1885 2/0
3/0 10.74 0.423 14.99 0.590 176.3 0.2733 13.72 0.540 147.7 0.2290 13.72 0.540 147.7 0.2290 3/0
4/0 12.07 0.475 16.38 0.645 210.8 0.3267 15.11 0.595 179.4 0.2780 14.99 0.590 176.3 0.2733 4/0

250 13.21 0.520 18.42 0.725 266.3 0.4128 17.02 0.670 227.4 0.3525 16.76 0.660 220.7 0.3421 250
300 14.48 0.570 19.69 0.775 304.3 0.4717 18.29 0.720 262.6 0.4071 18.16 0.715 259.0 0.4015 300
350 15.65 0.616 20.83 0.820 340.7 0.5281 19.56 0.770 300.4 0.4656 19.30 0.760 292.6 0.4536 350
400 16.74 0.659 21.97 0.865 379.1 0.5876 20.70 0.815 336.5 0.5216 20.32 0.800 324.3 0.5026 400

500 18.69 0.736 23.88 0.940 447.7 0.6939 22.48 0.885 396.8 0.6151 22.35 0.880 392.4 0.6082 500
600 20.65 0.813 26.67 1.050 558.6 0.8659 25.02 0.985 491.6 0.7620 24.89 0.980 486.6 0.7542 600
700 22.28 0.877 28.19 1.110 624.3 0.9676 26.67 1.050 558.6 0.8659 26.67 1.050 558.6 0.8659 700
750 23.06 0.908 29.21 1.150 670.1 1.0386 27.31 1.075 585.5 0.9076 27.69 1.090 602.0 0.9331 750
900 25.37 0.999 31.09 1.224 759.1 1.1766 30.33 1.194 722.5 1.1196 29.69 1.169 692.3 1.0733 900

1000 26.92 1.060 32.64 1.285 836.6 1.2968 31.88 1.255 798.1 1.2370 31.24 1.230 766.6 1.1882 1000

*Dimensions are from industry sources.

Most aluminum building wire in Types THW, THHW,
THWN/THHN, and XHHW conductors is compact stranded.
Table 5A provides appropriate dimensions for these types
of wire.
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Chapter 9 — Tables

Table 8 Conductor Properties

Conductors Direct-Current Resistance at 75�C (167�F)

Stranding Overall Copper

Size Area Diameter Diameter Area Uncoated Coated Aluminum
(AWG
or Circular ohm/ ohm/ ohm/ ohm/ ohm/

kcmil) mm2 mils Quantity mm in. mm in. mm2 in.2 ohm/km kFT km kFT km kFT

18 0.823 1620 1 — — 1.02 0.040 0.823 0.001 25.5 7.77 26.5 8.08 42.0 12.8
18 0.823 1620 7 0.39 0.015 1.16 0.046 1.06 0.002 26.1 7.95 27.7 8.45 42.8 13.1

16 1.31 2580 1 — — 1.29 0.051 1.31 0.002 16.0 4.89 16.7 5.08 26.4 8.05
16 1.31 2580 7 0.49 0.019 1.46 0.058 1.68 0.003 16.4 4.99 17.3 5.29 26.9 8.21

14 2.08 4110 1 — — 1.63 0.064 2.08 0.003 10.1 3.07 10.4 3.19 16.6 5.06
14 2.08 4110 7 0.62 0.024 1.85 0.073 2.68 0.004 10.3 3.14 10.7 3.26 16.9 5.17

12 3.31 6530 1 — — 2.05 0.081 3.31 0.005 6.34 1.93 6.57 2.01 10.45 3.18
12 3.31 6530 7 0.78 0.030 2.32 0.092 4.25 0.006 6.50 1.98 6.73 2.05 10.69 3.25

10 5.261 10380 1 — — 2.588 0.102 5.26 0.008 3.984 1.21 4.148 1.26 6.561 2.00
10 5.261 10380 7 0.98 0.038 2.95 0.116 6.76 0.011 4.070 1.24 4.226 1.29 6.679 2.04

8 8.367 16510 1 — — 3.264 0.128 8.37 0.013 2.506 0.764 2.579 0.786 4.125 1.26
8 8.367 16510 7 1.23 0.049 3.71 0.146 10.76 0.017 2.551 0.778 2.653 0.809 4.204 1.28

6 13.30 26240 7 1.56 0.061 4.67 0.184 17.09 0.027 1.608 0.491 1.671 0.510 2.652 0.808
4 21.15 41740 7 1.96 0.077 5.89 0.232 27.19 0.042 1.010 0.308 1.053 0.321 1.666 0.508
3 26.67 52620 7 2.20 0.087 6.60 0.260 34.28 0.053 0.802 0.245 0.833 0.254 1.320 0.403
2 33.62 66360 7 2.47 0.097 7.42 0.292 43.23 0.067 0.634 0.194 0.661 0.201 1.045 0.319
1 42.41 83690 19 1.69 0.066 8.43 0.332 55.80 0.087 0.505 0.154 0.524 0.160 0.829 0.253

1/0 53.49 105600 19 1.89 0.074 9.45 0.372 70.41 0.109 0.399 0.122 0.415 0.127 0.660 0.201
2/0 67.43 133100 19 2.13 0.084 10.62 0.418 88.74 0.137 0.3170 0.0967 0.329 0.101 0.523 0.159
3/0 85.01 167800 19 2.39 0.094 11.94 0.470 111.9 0.173 0.2512 0.0766 0.2610 0.0797 0.413 0.126
4/0 107.2 211600 19 2.68 0.106 13.41 0.528 141.1 0.219 0.1996 0.0608 0.2050 0.0626 0.328 0.100

250 127 — 37 2.09 0.082 14.61 0.575 168 0.260 0.1687 0.0515 0.1753 0.0535 0.2778 0.0847
300 152 — 37 2.29 0.090 16.00 0.630 201 0.312 0.1409 0.0429 0.1463 0.0446 0.2318 0.0707
350 177 — 37 2.47 0.097 17.30 0.681 235 0.364 0.1205 0.0367 0.1252 0.0382 0.1984 0.0605

400 203 — 37 2.64 0.104 18.49 0.728 268 0.416 0.1053 0.0321 0.1084 0.0331 0.1737 0.0529
500 253 — 37 2.95 0.116 20.65 0.813 336 0.519 0.0845 0.0258 0.0869 0.0265 0.1391 0.0424
600 304 — 61 2.52 0.099 22.68 0.893 404 0.626 0.0704 0.0214 0.0732 0.0223 0.1159 0.0353

700 355 — 61 2.72 0.107 24.49 0.964 471 0.730 0.0603 0.0184 0.0622 0.0189 0.0994 0.0303
750 380 — 61 2.82 0.111 25.35 0.998 505 0.782 0.0563 0.0171 0.0579 0.0176 0.0927 0.0282
800 405 — 61 2.91 0.114 26.16 1.030 538 0.834 0.0528 0.0161 0.0544 0.0166 0.0868 0.0265

900 456 — 61 3.09 0.122 27.79 1.094 606 0.940 0.0470 0.0143 0.0481 0.0147 0.0770 0.0235
1000 507 — 61 3.25 0.128 29.26 1.152 673 1.042 0.0423 0.0129 0.0434 0.0132 0.0695 0.0212
1250 633 — 91 2.98 0.117 32.74 1.289 842 1.305 0.0338 0.0103 0.0347 0.0106 0.0554 0.0169

1500 760 — 91 3.26 0.128 35.86 1.412 1011 1.566 0.02814 0.00858 0.02814 0.00883 0.0464 0.0141
1750 887 — 127 2.98 0.117 38.76 1.526 1180 1.829 0.02410 0.00735 0.02410 0.00756 0.0397 0.0121
2000 1013 — 127 3.19 0.126 41.45 1.632 1349 2.092 0.02109 0.00643 0.02109 0.00662 0.0348 0.0106

Notes:
1. These resistance values are valid only for the parameters as given. Using conductors having coated strands, different
stranding type, and, especially, other temperatures changes the resistance.
2. Formula for temperature change: R2 = R1 [1 � � (T2 � 75)] where �cu = 0.00323, �AL = 0.00330 at 75�C.
3. Conductors with compact and compressed stranding have about 9 percent and 3 percent, respectively,
smaller bare conductor diameters than those shown. See Table 5A for actual compact cable dimensions.
4. The IACS conductivities used: bare copper = 100%, aluminum = 61%.
5. Class B stranding is listed as well as solid for some sizes. Its overall diameter and area is that of its circumscribing circle.

FPN: The construction information is per NEMA WC8-1992 or ANSI/UL 1581-1998.
The resistance is calculated per National Bureau of Standards Handbook 100, dated
1966, and Handbook 109, dated 1972.
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Chapter 9 — Tables

The following example provides a comparison of theTraditionally, wire sizes have been expressed as American
square millimeter wire gauge to traditional wire sizes.Wire Gage (AWG), circular mil (cmil) area, or thousands

of circular mil (kcmil) area. Today, wire is available with Example
its cross-sectional area expressed in square millimeters

What traditional wire size does the size 125 mm2 represent
(mm2) as well.

(approximately)?
The 2005 Code specifically requires that insulated con-

ductors be marked with their sizes and that the sizes be Solution
expressed in either AWG or circular mil area. [See 110.6

Circular mil area � wire size (mm2) � conversion factorand 310.11(A)(4).] There are no exceptions to either of these
two requirements. Because Article 310 does not specifically � 125 mm2 � 1973.53

circular mils
mm2

prohibit optional marking on insulated conductors, the Code
� 246,691 circular millspermits square millimeter (mm2) markings on conductors,

or 246.691 kcmilbut only if they are in addition to the required traditional
markings of AWG or circular mil area. Therefore, the 125 mm2 wire is larger than 4/0 AWG but

According to IEEE/ASTM SI 10-2002, Standard for smaller than a 250 kcmil conductor.
Use of the International System of Units (SI): The Modern

Conclusion: If a 125 mm2 wire is determined to be theMetric System, conversion from circular mils to square meters
minimum or recommended size conductor, it is importantis done by multiplying circular mils by 5.067075 � 10-10.
to understand that size 250 kcmil would be the only TableHowever, because square millimeters, rather than square me-
8 conductor with equivalent cross-sectional area. Becauseters, is the standard marking for wire size and because the
4/0 AWG is simply not enough metal, 250 kcmil would be thereciprocal is more appropriate for this conversion, a simpler
choice for minimum equivalency. It is important, however, toconversion factor to convert from square millimeters to circu-
note that the 250 kcmil conductor ampacity could not belar mils (approximately) follows:
used for a 125 mm2 conductor, because the metric conductor
size is smaller. The 4/0 AWG ampacity can be used, or thek � 1973.53

circular mils
mm2

ampacity can be calculated under engineering supervision.
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Chapter 9 — Tables

Table 9 Alternating-Current Resistance and Reactance for 600-Volt Cables, 3-Phase, 60 Hz, 75�C (167�F) —
Three Single Conductors in Conduit

Ohms to Neutral per Kilometer
Ohms to Neutral per 1000 Feet

Alternating-Current Alternating-Current Effective Z at 0.85 PF for
XL (Reactance) for All Resistance for Uncoated Resistance for Aluminum Uncoated Copper Effective Z at 0.85 PF for

Wires Copper Wires Wires Wires Aluminum Wires
Size Size
(AWG PVC, (AWG
or Aluminum Steel PVC Aluminum Steel PVC Aluminum Steel PVC Aluminum Steel PVC Aluminum Steel or

kcmil) Conduits Conduit Conduit Conduit Conduit Conduit Conduit Conduit Conduit Conduit Conduit Conduit Conduit Conduit kcmil)

14 0.190 0.240 10.2 10.2 10.2 — — — 8.9 8.9 8.9 — — — 14
0.058 0.073 3.1 3.1 3.1 — — — 2.7 2.7 2.7 — — —

12 0.177 0.223 6.6 6.6 6.6 10.5 10.5 10.5 5.6 5.6 5.6 9.2 9.2 9.2 12
0.054 0.068 2.0 2.0 2.0 3.2 3.2 3.2 1.7 1.7 1.7 2.8 2.8 2.8

10 0.164 0.207 3.9 3.9 3.9 6.6 6.6 6.6 3.6 3.6 3.6 5.9 5.9 5.9 10
0.050 0.063 1.2 1.2 1.2 2.0 2.0 2.0 1.1 1.1 1.1 1.8 1.8 1.8

8 0.171 0.213 2.56 2.56 2.56 4.3 4.3 4.3 2.26 2.26 2.30 3.6 3.6 3.6 8
0.052 0.065 0.78 0.78 0.78 1.3 1.3 1.3 0.69 0.69 0.70 1.1 1.1 1.1

6 0.167 0.210 1.61 1.61 1.61 2.66 2.66 2.66 1.44 1.48 1.48 2.33 2.36 2.36 6
0.051 0.064 0.49 0.49 0.49 0.81 0.81 0.81 0.44 0.45 0.45 0.71 0.72 0.72

4 0.157 0.197 1.02 1.02 1.02 1.67 1.67 1.67 0.95 0.95 0.98 1.51 1.51 1.51 4
0.048 0.060 0.31 0.31 0.31 0.51 0.51 0.51 0.29 0.29 0.30 0.46 0.46 0.46

3 0.154 0.194 0.82 0.82 0.82 1.31 1.35 1.31 0.75 0.79 0.79 1.21 1.21 1.21 3
0.047 0.059 0.25 0.25 0.25 0.40 0.41 0.40 0.23 0.24 0.24 0.37 0.37 0.37

2 0.148 0.187 0.62 0.66 0.66 1.05 1.05 1.05 0.62 0.62 0.66 0.98 0.98 0.98 2
0.045 0.057 0.19 0.20 0.20 0.32 0.32 0.32 0.19 0.19 0.20 0.30 0.30 0.30

1 0.151 0.187 0.49 0.52 0.52 0.82 0.85 0.82 0.52 0.52 0.52 0.79 0.79 0.82 1
0.046 0.057 0.15 0.16 0.16 0.25 0.26 0.25 0.16 0.16 0.16 0.24 0.24 0.25

1/0 0.144 0.180 0.39 0.43 0.39 0.66 0.69 0.66 0.43 0.43 0.43 0.62 0.66 0.66 1/0
0.044 0.055 0.12 0.13 0.12 0.20 0.21 0.20 0.13 0.13 0.13 0.19 0.20 0.20

2/0 0.141 0.177 0.33 0.33 0.33 0.52 0.52 0.52 0.36 0.36 0.36 0.52 0.52 0.52 2/0
0.043 0.054 0.10 0.10 0.10 0.16 0.16 0.16 0.11 0.11 0.11 0.16 0.16 0.16

3/0 0.138 0.171 0.253 0.269 0.259 0.43 0.43 0.43 0.289 0.302 0.308 0.43 0.43 0.46 3/0
0.042 0.052 0.077 0.082 0.079 0.13 0.13 0.13 0.088 0.092 0.094 0.13 0.13 0.14

4/0 0.135 0.167 0.203 0.220 0.207 0.33 0.36 0.33 0.243 0.256 0.262 0.36 0.36 0.36 4/0
0.041 0.051 0.062 0.067 0.063 0.10 0.11 0.10 0.074 0.078 0.080 0.11 0.11 0.11

250 0.135 0.171 0.171 0.187 0.177 0.279 0.295 0.282 0.217 0.230 0.240 0.308 0.322 0.33 250
0.041 0.052 0.052 0.057 0.054 0.085 0.090 0.086 0.066 0.070 0.073 0.094 0.098 0.10

300 0.135 0.167 0.144 0.161 0.148 0.233 0.249 0.236 0.194 0.207 0.213 0.269 0.282 0.289 300
0.041 0.051 0.044 0.049 0.045 0.071 0.076 0.072 0.059 0.063 0.065 0.082 0.086 0.088

350 0.131 0.164 0.125 0.141 0.128 0.200 0.217 0.207 0.174 0.190 0.197 0.240 0.253 0.262 350
0.040 0.050 0.038 0.043 0.039 0.061 0.066 0.063 0.053 0.058 0.060 0.073 0.077 0.080

400 0.131 0.161 0.108 0.125 0.115 0.177 0.194 0.180 0.161 0.174 0.184 0.217 0.233 0.240 400
0.040 0.049 0.033 0.038 0.035 0.054 0.059 0.055 0.049 0.053 0.056 0.066 0.071 0.073

500 0.128 0.157 0.089 0.105 0.095 0.141 0.157 0.148 0.141 0.157 0.164 0.187 0.200 0.210 500
0.039 0.048 0.027 0.032 0.029 0.043 0.048 0.045 0.043 0.048 0.050 0.057 0.061 0.064

600 0.128 0.157 0.075 0.092 0.082 0.118 0.135 0.125 0.131 0.144 0.154 0.167 0.180 0.190 600
0.039 0.048 0.023 0.028 0.025 0.036 0.041 0.038 0.040 0.044 0.047 0.051 0.055 0.058

750 0.125 0.157 0.062 0.079 0.069 0.095 0.112 0.102 0.118 0.131 0.141 0.148 0.161 0.171 750
0.038 0.048 0.019 0.024 0.021 0.029 0.034 0.031 0.036 0.040 0.043 0.045 0.049 0.052

1000 0.121 0.151 0.049 0.062 0.059 0.075 0.089 0.082 0.105 0.118 0.131 0.128 0.138 0.151 1000
0.037 0.046 0.015 0.019 0.018 0.023 0.027 0.025 0.032 0.036 0.040 0.039 0.042 0.046

Notes:
1. These values are based on the following constants: UL-Type RHH wires with Class B stranding, in cradled configuration. Wire conductivities are 100 percent IACS copper and
61 percent IACS aluminum, and aluminum conduit is 45 percent IACS. Capacitive reactance is ignored, since it is negligible at these voltages. These resistance values are valid
only at 75�C (167�F) and for the parameters as given, but are representative for 600-volt wire types operating at 60 Hz.
2. Effective Z is defined as R cos(�) � X sin(�), where � is the power factor angle of the circuit. Multiplying current by effective impedance gives a good approximation for line-
to-neutral voltage drop. Effective impedance values shown in this table are valid only at 0.85 power factor. For another circuit power factor (PF), effective impedance (Ze) can be
calculated from R and XL values given in this table as follows: Ze = R � PF � XL sin[arccos(PF)].
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Chapter 9 — Tables

Step 3. Find the voltage drop expressed as a percentage ofVoltage-drop calculations using the dc-resistance formula
the circuit voltage.are not always accurate for ac circuits, especially for those

with a less-than-unity power factor or for those that use
Percentage voltage drop(line-to-line) �

4.157V
240V

� 100conductors larger than 2 AWG. Table 9 allows Code users
to perform simple ac voltage-drop calculations. Table

� 1.73% VD
9 was compiled using the Neher-McGrath ac-resistance

Step 4. Find the voltage present at the load end of the circuit.calculation method, and the values presented are both reli-
able and conservative. This table contains completed calcula- 240 V � 4.157 V � 235.84 V
tions of effective impedance (Z) for the average ac circuit

Example 2with an 85 percent power factor (see Example 1). If calcula-
A 270-ampere continuous load is present on a feeder. Thetions with a different power factor are necessary, Table 9
circuit consists of a single 4 in. PVC conduit with three 600also contains the appropriate values of inductive reactance
kcmil XHHW/USE aluminum conductors fed from a 480-and ac resistance (see Example 2).
volt, 3-phase, 3-wire source. The conductors are operatingThe basic assumptions and the limitations of Table 9
at their maximum rated temperature of 75�C. If the powerare as follows:
factor is 0.7 and the circuit length is 250 ft, is the voltage

1. Capacitive reactance is ignored. drop excessive?
2. There are three conductors in a raceway.

Solution3. The calculated voltage-drop values are approximate.
Step 1. Using the Table 9 column ‘‘XL (Reactance) for All4. For circuits with other parameters, the Neher-McGrath
Wires,’’ select PVC conduit and the row for size 600 kcmil.ac-resistance calculation method is used.
A value of 0.039 ohm per 1000 ft is given as this XL.Example 1 Next, using the column ‘‘Alternating-Current Resistance for

A feeder has a 100-ampere continuous load. The system Aluminum Wires,’’ select PVC conduit and the row for size
source is 240 volts, 3 phase, and the supplying circuit breaker 600 kcmil. A value of 0.036 ohm per 1000 ft is given as
is 125 amperes. The feeder is in a trade size 11⁄4 aluminum this R.
conduit with three 1 AWG THHN copper conductors op- Step 2. Find the angle representing a power factor of 0.7.
erating at their maximum temperature rating of 75�C. The Using a calculator with trigonometric functions or a trigono-
circuit length is 150 ft, and the power factor is 85 percent. metric function table, find the arccosine (cos�1) � of 0.7,
Using Table 9, determine the approximate voltage drop of which is 45.57 degrees. For this example, call this angle �.
this circuit. Use the table or a calculator to find the sine of 45.57 degrees,

which is 0.7141.Solution
Step 3. Find the impedance (Z) corrected to 0.7 power factorStep 1. Find the approximate line-to-neutral voltage drop.
(Zc).Using the Table 9 column ‘‘Effective Z at 0.85 PF for Un-

coated Copper Wires,’’ select aluminum conduit and size 1 Zc � (R � cos �) � (XL � sin �)
AWG copper wire. Use the given value of 0.16 ohm per � (0.036 � 0.7) � (0.039 � 0.7141)
1000 ft in the following formula: � 0.0252 � 0.0279

� 0.0531 ohm to neutral
Voltage drop(line-to-neutral) � table value �

circuit length
1000 ft Step 4. As in Example 1, find the approximate line-to-

neutral voltage drop.
� circuit load

Voltage drop(line-to-neutral) � Zc �
circuit length

1000 ft� 0.16 ohm �
150 ft
1000 ft � circuit load

� 100 A � 0.0530 �
250 ft
1000 ft

� 270 A

� 2.40 V � 3.577 V
Step 2. Find the line-to-line voltage drop. Step 5. Find the approximate line-to-line voltage drop.

Voltage drop(line-to-line) � voltage drop(line-to-neutral)Voltage drop(line-to-line) � voltage drop (line-to-neutral) � �3
� �3

� 2.40 V � 1.732
� 3.577 V � 1.732
� 6.196 V� 4.157 V
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Chapter 9 — Tables

As part of the listing, the Class 2 or Class 3 powerStep 6. Find the approximate voltage drop expressed as a
source shall be durably marked where plainly visible topercentage of the circuit voltage.
indicate the class of supply and its electrical rating. A Class
2 power source not suitable for wet location use shall be so

Percentage voltage drop(line-to-line) �
6.196 V
480 V

� 100 marked.

� 1.25% VD
Exception: Limited power circuits used by listed informa-Step 7. Find the voltage present at the load end of the circuit.
tion technology equipment.

480 V � 6.196 V � 473.8 V
Overcurrent devices, where required, shall be located

Conclusion: According to 210.19(A)(1), FPN No. 4, this at the point where the conductor to be protected receives its
voltage drop does not appear to be excessive. supply and shall not be interchangeable with devices of

higher ratings. The overcurrent device shall be permitted as
an integral part of the power source.

Tables 11(A) and 11(B)
For listing purposes, Table 11(A) and Table 11(B) pro-

vide the required power source limitations for Class 2 and Until the 1996 edition of the Code, the information in Table
Class 3 power sources. Table 11(A) applies for alternating- 11(A) and Table 11(B) was included in Article 725. Because
current sources, and Table 11(B) applies for direct-current of the listing requirements for Class 2 and Class 3 power
sources. supplies per 725.41, this information has little or no utility

The power for Class 2 and Class 3 circuits shall be either for the typical installer. It has been retained in Chapter 9
(1) inherently limited, requiring no overcurrent protection, or as Table 11(A) and Table 11(B) to provide direction for
(2) not inherently limited, requiring a combination of power organizations properly equipped and qualified to evaluate
source and overcurrent protection. Power sources designed and list these products.
for interconnection shall be listed for the purpose.

Table 11(A) Class 2 and Class 3 Alternating-Current Power Source Limitations

Inherently Limited Power Source (Overcurrent Not Inherently Limited Power Source
Protection Not Required) (Overcurrent Protection Required)

Power Source Class 2 Class 3 Class 2 Class 3

Source voltage Vmax (volts) 0 through 20* Over 20 and Over 30 and Over 30 and 0 through 20* Over 20 and Over 30 and Over 100 and
(see Note 1) through 30* through 150 through 100 through 30* through 100 through 150

Power limitations VAmax — — — — 250 (see Note 250 250 N.A.
(volt-amperes) (see Note 1) 3)

Current limitations Imax 8.0 8.0 0.005 150/Vmax 1000/Vmax 1000/Vmax 1000/Vmax 1.0
(amperes) (see Note 1)

Maximum overcurrent — — — — 5.0 100/Vmax 100/Vmax 1.0
protection (amperes)

Power source VA 5.0 � Vmax 100 0.005 � Vmax 100 5.0 � Vmax 100 100 100
maximum (volt-amperes)
nameplate

Current 5.0 100/Vmax 0.005 100/Vmax 5.0 100/Vmax 100/Vmax 100/Vmaxrating
(amperes)

*Voltage ranges shown are for sinusoidal ac in indoor locations or where wet contact is not likely to occur.
For nonsinusoidal or wet contact conditions, see Note 2.
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Chapter 9 — Tables

Table 11(B) Class 2 and Class 3 Direct-Current Power Source Limitations

Inherently Limited Power Source (Overcurrent Not Inherently Limited Power Source
Protection Not Required) (Overcurrent Protection Required)

Power Source Class 2 Class 3 Class 2 Class 3

Source voltage Vmax (volts) 0 through Over 20 and Over 30 and Over 60 and Over 60 and 0 through Over 20 and Over 60 Over 100
(see Note 1) 20* through 30* through 60* through 150 through 100 20* through 60* and and

through through
100 150

Power limitations VAmax — — — — — 250 (see 250 250 N.A.
(volt-amperes) (see Note 1) Note 3)

Current limitations Imax 8.0 8.0 150/Vmax 0.005 150/Vmax 1000/Vmax 1000/Vmax 1000/ 1.0
(amperes) (see Note 1) Vmax

Maximum overcurrent — — — — — 5.0 100/Vmax 100/Vmax 1.0
protection (amperes)

Power source VA 5.0 � Vmax 100 100 0.005 � Vmax 100 5.0 � Vmax 100 100 100
maximum (volt-amperes)
nameplate

Current 5.0 100/Vmax 100/Vmax 0.005 100/Vmax 5.0 100/Vmax 100/Vmax 100/Vmaxrating
(amperes)

*Voltage ranges shown are for continuous dc in indoor locations or where wet contact is not likely to occur.
For interrupted dc or wet contact conditions, see Note 4.
Notes for Tables 11(A) and 11(B)
1.Vmax, Imax, and VAmax are determined with the current-limiting impedance in the circuit (not bypassed) as follows:
Vmax: Maximum output voltage regardless of load with rated input applied.
Imax: Maximum output current under any noncapacitive load, including short circuit, and with overcurrent protection bypassed if used. Where a
transformer limits the output current, Imax limits apply after 1 minute of operation. Where a current-limiting impedance, listed for the purpose, or
as part of a listed product, is used in combination with a nonpower-limited transformer or a stored energy source, e.g., storage battery, to limit the
output current, Imax limits apply after 5 seconds.
VAmax: Maximum volt-ampere output after 1 minute of operation regardless of load and overcurrent protection bypassed if used.
2. For nonsinusoidal ac, Vmax shall not be greater than 42.4 volts peak. Where wet contact (immersion not included) is likely to occur, Class 3
wiring methods shall be used or Vmax shall not be greater than 15 volts for sinusoidal ac and 21.2 volts peak for nonsinusoidal ac.
3. If the power source is a transformer, VAmax is 350 or less when Vmax is 15 or less.
4. For dc interrupted at a rate of 10 to 200 Hz, Vmax shall not be greater than 24.8 volts peak. Where wet contact (immersion not included) is likely
to occur, Class 3 wiring methods shall be used, or Vmax shall not be greater than 30 volts for continuous dc; 12.4 volts peak for dc that is interrupted
at a rate of 10 to 200 Hz.

Tables 12(A) and 12(B) the conductor to be protected receives its supply and shall
not be interchangeable with devices of higher ratings. TheFor listing purposes, Tables 12(A) and 12(B) provide

the required power source limitations for power-limited fire overcurrent device shall be permitted as an integral part of
the power source.alarm sources. Table 12(A) applies for alternating-current

sources, and Table 12(B) applies for direct-current sources.
The power for power-limited fire alarm circuits shall Until the 1996 edition of the Code, the information in Table

be either (1) inherently limited, requiring no overcurrent 12(A) and Table 12(B) was included in Article 760. Because
protection, or (2) not inherently limited, requiring the power of the listing requirements for power-limited fire alarm
to be limited by a combination of power source and overcur- (PLFA) power supplies, this information has little or no
rent protection. utility for the typical installer. The tables were moved to

As part of the listing, the PLFA power source shall be Chapter 9 as Table 12(A) and Table 12(B) to provide direc-
durably marked where plainly visible to indicate that it is tion for organizations properly equipped and qualified to
a power-limited fire alarm power source. The overcurrent evaluate and list these products.
device, where required, shall be located at the point where
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Chapter 9 — Tables

Table 12(A) PLFA Alternating-Current Power Source Limitations

Inherently Limited Power Source (Overcurrent Not Inherently Limited Power Source (Overcurrent
Power Source Protection Not Required) Protection Required)

Circuit voltage Vmax(volts) 0 through 20 Over 20 and Over 30 and 0 through 20 Over 20 and Over 100 and
(see Note 1) through 30 through 100 through 100 through 150

Power limitations VAmax(volt-amperes) — — — 250 (see Note 2) 250 N.A.
(see Note 1)

Current limitations Imax (amperes) 8.0 8.0 150/Vmax 1000/Vmax 1000/Vmax 1.0
(see Note 1)

Maximum overcurrent protection — — — 5.0 100/Vmax 1.0
(amperes)

Power source VA (volt-amperes) 5.0 � Vmax 100 100 5.0 � Vmax 100 100
maximum
nameplate Current (amperes) 5.0 100/Vmax 100/Vmax 5.0 100/Vmax 100/Vmax
ratings

Table 12(B) PLFA Direct-Current Power Source Limitations

Inherently Limited Power Source (Overcurrent Not Inherently Limited Power Source (Overcurrent
Power Source Protection Not Required) Protection Required)

Circuit voltage Vmax (volts) (see Note 0 through 20 Over 20 and Over 30 and 0 through 20 Over 20 and Over 100 and
1) through 30 through 100 through 100 through 150

Power limitations VAmax (volt-amperes) — — — 250 (see Note 2) 250 N.A.
(see Note 1)

Current limitations Imax (amperes) (see 8.0 8.0 150/Vmax 1000/V max 1000/Vmax 1.0
Note 1)

Maximum overcurrent protection — — — 5.0 100/Vmax 1.0
(amperes)

Power source VA (volt-amperes) 5.0 � Vmax 100 100 5.0 � Vmax 100 100
maximum
nameplate Current (amperes) 5.0 100/Vmax 100/Vmax 5.0 100/Vmax 100/Vmax
ratings

Notes for Tables 12(A) and 12(B)
1. V max, Imax, and VAmax are determined as follows:
Vmax: Maximum output voltage regardless of load with rated input applied.
Imax: Maximum output current under any noncapacitive load, including short circuit, and with overcurrent protection bypassed if used. Where a
transformer limits the output current, Imax limits apply after 1 minute of operation. Where a current-limiting impedance, listed for the purpose, is
used in combination with a nonpower-limited transformer or a stored energy source, e.g., storage battery, to limit the output current, Imax limits
apply after 5 seconds.
VAmax: Maximum volt-ampere output after 1 minute of operation regardless of load and overcurrent protection bypassed if used. Current limiting
impedance shall not be bypassed when determining Imax and VAmax.
2. If the power source is a transformer, VAmax is 350 or less when Vmax is 15 or less.
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Annex A

Product Safety
Standards

Annex A is not a part of the requirements of this NFPA document but is included for
informational purposes only.

This informational annex provides a list of product safety standards ucts that do not have a mandatory listing or labeling require-
used for product listing where that listing is required by this Code. ment in the Code. For more information on product stan-
It is recognized that this list is current at the time of publication dards, consult the product directories available from testing
but that new standards or modifications to existing standards can organizations.
occur at any time while this edition of the Code is in effect. Product safety standards, installation codes such as the

This annex does not form amandatory part of the requirements
NEC, and qualified electrical inspection are separate butof this Code but is intended only to provide Code users with
not mutually exclusive components of the North Americaninformational guidance about the product characteristics about
electrical safety system. The effectiveness of this systemwhich Code requirements have been based.
strongly depends on a close working relationship among the
organizations responsible for the development of productA key element to a safe andCode-compliant electrical instal-
standards and installation codes and the electrical inspectionlation is adherence to product installation requirements im-
community. All three components must be in place for theposed by product-testing organizations as part of their
electrical safety system to be effective.evaluation of an electrical product. Section 110.3(B) requires

Annex A first appeared in the 2002 Code and wascompliance with the installation and use instructions that
updated for the 2005 edition to include references to productare included with listed and labeled products. Numerous
standards for which new requirements for listed productsrequirements in the Code specify the use of listed products.
were added in the 2005 Code. The function of Annex A isFor thoseCode requirements where product listing is manda-
to provide users of the Code with the name, number, andtory, Annex A is a compilation of applicable product safety
developing organization for all product standards related tostandards. It is important to understand that the product
mandatory Code requirements that require the use of listedsafety standards included in Annex A are only those for
products. For more information on listing and labeling, seewhich there is a mandatory listing requirement in the Code.
the commentary following 110.3(B).There are many other safety standards associated with prod-
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Annex A — Product Safety Standards

Product Standard
Product Standard Name Number

Antenna-Discharge Units UL 452
Arc-Fault Circuit-Interrupters UL 1699
Armored Cable UL 4
Attachment Plugs and Receptacles UL 498
Audio/Video and Musical Instrument Apparatus for Household, Commercial, and UL 60065
Similar General Use

Audio-Video Products and Accessories UL 1492
Busways UL 857
Cables—Thermoplastic-Insulated Underground Feeder and Branch-Circuit Cables UL 493
Cables—Thermoplastic-Insulated Wires and Cables UL 83
Cables—Thermoset-Insulated Wires and Cables UL 44
Cables for Non–Power-Limited Fire-Alarm Circuits UL 1425
Cables for Power-Limited Fire-Alarm Circuits UL 1424
Capacitors UL 810
Cellular Metal Floor Raceways and Fittings UL 209
Class 2 and Class 3 Transformers UL 1585
Class 2 Power Units UL 1310
Commercial Audio Equipment UL 813
Communication Circuit Accessories UL 1863
Communications Cables UL 444
Community-Antenna Television Cables UL 1655
Conduit—Type EB and A Rigid PVC Conduit and HDPE Conduit UL 651A
Continuous Length HDPE Conduit UL 651B HDPE
Control Centers for Changing Message Type Electric Signs UL 1433
Cord Sets and Power-Supply Cords UL 817
Data-Processing Cable UL 1690
Dead-Front Switchboards UL 891
Electric Motors UL 1004
Electric Signs UL 48
Electric Spas, Equipment Assemblies, and Associated Equipment UL 1563
Electric Vehicle (EV) Charging System Equipment UL 2202
Electric Water Heaters for Pools and Tubs UL 1261
Electrical Apparatus for Explosive Gas Atmospheres (UL 60079 Series)
Electrical Apparatus for Use in Class I, Zone 1 Hazardous (Classified) Locations ISA S12.23.01
Type of Protection—
Encapsulation ‘‘m’’

Electrical Apparatus for Use in Class I, Zones 0 & 1 Hazardous (Classified) ISA 12.0.01
Locations: General Requirements

Electrical Apparatus for Use in Class I, Zone 1 Hazardous (Classified) Locations: ISA S12.16.01
Type of Protection—
Increased Safety ‘‘e’’

Electrical Apparatus for Use in Class I, Zone 1 Hazardous (Classified) Locations: ISA S12.22.01
Type of Protection—
Flameproof ‘‘d’’

Electrical Apparatus for Use in Class I, Zone 1 Hazardous (Classified) Locations: ISA S12.25.01
Type of Protection—
Powder Filling ‘‘q’’

Electrical Apparatus for Use in Class I, Zone 1 Hazardous (Classified) Locations: ISA S12.26.01
Type of Protection—
Oil-Immersion ‘‘O’’

Electrical Heating Appliances UL 499
Electrical Metallic Tubing—Aluminum UL 797A
Electrical Metallic Tubing—Steel UL 797
Electrical Nonmetallic Tubing UL 1653
Electric-Battery-Powered Industrial Trucks UL 583
Electrode Receptacles for Gas-Tube Signs UL 879
Emergency Lighting and Power Equipment UL 924
Enclosed and Dead-Front Switches UL 98
Enclosures for Electrical Equipment UL 50
Energy Management Equipment UL 916
Fire Pump Controllers UL 218
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Annex A — Product Safety Standards

Product Standard
Product Standard Name Number

Fittings for Cable and Conduit UL 514B
Flat-Plate Photovoltaic Modules and Panels UL 1703
Flexible Cord and Fixture Wire UL 62
Flexible Lighting Products UL 2388
Flexible Metal Conduit UL 1
Fluorescent-Lamp Ballasts UL 935
Gas-Burning Heating Appliances for Manufactured Homes and Recreational UL 307B
Vehicles

Gas-Fired Cooking Appliances for Recreational Vehicles UL 1075
Gas-Tube-Sign and Ignition Cable UL 814
General-Use Snap Switches UL 20
Ground-Fault Circuit-Interrupters UL 943
Ground-Fault Sensing and Relaying Equipment UL 1053
Grounding and Bonding Equipment UL 467
Heating and Cooling Equipment UL 1995
High-Intensity-Discharge Lamp Ballasts UL 1029
High Voltage Industrial Control Equipment UL 347
Household Refrigerators and Freezers UL 250
Industrial Battery Chargers UL 1564
Industrial Control Equipment UL 508
Industrial Control Panels UL 508A
Instrumentation Tray Cable UL 2250
Insulated Wire Connector Systems for Underground Use or in Damp or Wet UL 486D
Locations

Intermediate Metal Conduit—Steel UL 1242
Inverters, Converters, and Controllers for Use in Independent Power Systems UL 1741
Isolated Power Systems Equipment UL 1047
Junction Boxes for Swimming Pool Luminaires UL 1241
Liquid Fuel-Burning Heating Appliances for Manufactured Homes and UL 307A
Recreational Vehicles

Liquid-Tight Flexible Nonmetallic Conduit UL 1660
Liquid-Tight Flexible Steel Conduit UL 360
Low Voltage Landscape Lighting Systems UL 1838
Low-Voltage Fuses—Part 1: General Requirements UL 248-1
Low-Voltage Fuses—Part 2: Class C Fuses UL 248-2
Low-Voltage Fuses—Part 3: Class CA and CB Fuses UL 248-3
Low-Voltage Fuses—Part 4: Class CC Fuses UL 248-4
Low-Voltage Fuses—Part 5: Class G Fuses UL 248-5
Low-Voltage Fuses—Part 6: Class H Non-Renewable Fuses UL 248-6
Low-Voltage Fuses—Part 7: Class H Renewable Fuses UL 248-7
Low-Voltage Fuses—Part 8: Class J Fuses UL 248-8
Low-Voltage Fuses—Part 9: Class K Fuses UL 248-9
Low-Voltage Fuses—Part 10: Class L Fuses UL 249-10
Low-Voltage Fuses—Part 11: Plug Fuses UL 248-11
Low-Voltage Fuses—Part 12: Class R Fuses UL 248-12
Low-Voltage Fuses—Part 13: Semiconductor Fuses UL 248–13
Low-Voltage Fuses—Part 14: Supplemental Fuses UL 248–14
Low-Voltage Fuses—Part 15: Class T Fuses UL 248-15
Low-Voltage Fuses—Part 16: Test Limiters UL 248-16
Low-Voltage Lighting Fixtures for Use in Recreational Vehicles UL 234
Luminaire Reflector Kits for Installation on Previously Installed Fluorescent UL 1598
Luminaires, Supplemental
Requirements

Machine-Tool Wires and Cables UL 1063
Manufactured Wiring Systems UL 183
Medical Electrical Equipment—Part 1: General Requirements UL 60601–1
Medium-Voltage Power Cables UL 1072
Metal-Clad Cables UL 1569
Metal-Clad Cables and Cable-Sealing Fittings for Use in Hazardous (Classified) UL 2225
Locations

Metallic Outlet Boxes UL 514A
Mobile Home Pipe Heating Cable UL 1462
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Annex A — Product Safety Standards

Product Standard
Product Standard Name Number

Molded-Case Circuit Breakers, Molded-Case Switches, and Circuit-Breaker UL 489
Enclosures

Motor Control Centers UL 845
Motor-Operated Appliances UL 73
Neon Transformers and Power Supplies UL 2161
Nonincendive Electrical Equipment for Use in Class I and II, Division 2 and Class ISA S12.12
III, Divisions 1 and 2
Hazardous (Classified) Locations

Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers UL 514C
Nonmetallic Surface Raceways and Fittings UL 5A
Nonmetallic Underground Conduit with Conductors UL 1990
Office Furnishings UL 1286
Optical Fiber Cable UL 1651
Optical Fiber Cable Raceway UL 2024
Panelboards UL 67
Personal Protection Systems for Electric Vehicle Supply Circuits: General UL 2231–1
Requirements

Personal Protection Systems for Electric Vehicle Supply Circuits: Particular UL 2231–2
Requirements for Protection
Devices for Use in Charging Systems

Plugs, Receptacles and Couplers for Electrical Vehicles UL 2251
Portable Electric Luminaires UL 153
Potting Compounds for Swimming Pool, Fountain, and Spa Equipment UL 676A
Power Conversion Equipment UL 508C
Power Outlets UL 231
Power Units Other Than Class 2 UL 1012
Power-Limited Circuit Cables UL 13
Professional Video and Audio Equipment UL 1419
Protectors for Coaxial Communications Circuits UL 497C
Protectors for Data Communication and Fire Alarm Circuits UL 497B
Protectors for Paired Conductor Communications Circuits UL 497
Reference Standard for Electrical Wires, Cables, and Flexible Cords UL 1581
Reinforced Thermosetting Resin Conduit (RTRC) and Fittings UL 1684
Residential Pipe Heating Cable UL 2049
Rigid Metal Conduit—Steel UL 6
Roof and Gutter De-Icing Cable Units UL 1588
Room Air Conditioners UL 484
Safety of Information Technology Equipment, Part 1: General Requirements UL 60950–1
Schedule 40 and 80 Rigid PVC Conduit UL 651
Seasonal and Holiday Decorative Products UL 588
Secondary Protectors for Communications Circuits UL 497A
Service-Entrance Cables UL 854
Smoke Detectors for Fire Alarm Signaling Systems UL 268
Specialty Transformers UL 506
Splicing Wire Connectors UL 486C
Stationary Engine Generator Assemblies UL 2200
Strut-Type Channel Raceways and Fittings UL 5B
Surface Metal Raceways and Fittings UL 5
Surface Raceways and Fittings for Use with Data, Signal and Control Circuits UL 5C
Surge Arresters—Gapped Silicon-Carbide Surge Arresters for AC Power Circuits IEEE C62.1
Surge Arresters—Metal-Oxide Surge Arresters for AC Power Circuits IEEE C62.11
Swimming Pool Pumps, Filters, and Chlorinators UL 1081
Transfer Switch Equipment UL 1008
Transient Voltage Surge Suppressors UL 1449
Underfloor Raceways and Fittings UL 884
Underwater Luminaires and Submersible Junction Boxes UL 676
Uninterruptible Power Systems UL 1778
Vacuum Cleaners, Blower Cleaners, and Household Floor Finishing Machines UL 1017
Waste Disposers UL 430
Wire Connectors and Soldering Lugs for Use with Copper Conductors UL 486A
Wire Connectors for Use with Aluminum Conductors UL 486B
Wireways, Auxiliary Gutters, and Associated Fittings UL 870
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Annex B

Application Information
for Ampacity
Calculation

This annex is not a part of the requirements of this NFPA document but is included for informational
purposes only.

B.310.15(B)(1) Formula Application Information. This annex tion concerning the application of these ampacities, see IEEE/ICEA
Standard S-135/P-46-426, Power Cable Ampacities, and IEEEprovides application information for ampacities calculated under

engineering supervision. Standard 835-1994, Standard Power Cable Ampacity Tables.

If other factors remain the same, a soil resistivity higherThe data in Annex B are based on calculations using the
Neher-McGrath conductor ampacity formula. The use of this than 90 reduces ampacities to values below those listed

in Table B.310.5 through Table B.310.10 for undergroundmethod to calculate conductor ampacity is permitted under
engineering supervision per 310.15(A)(1) and 310.15(C). ampacity. Conversely, a load factor less than 100 percent

will increase ampacities if other factors remain the same.The formula is found in 310.15(C).
Although conductor ampacities calculated using this See B.310.15(B)(7) for allowable adjustments if the load

factor is less than 100 percent. Reduced load factors areformula may exceed those found in a table of allowable
ampacities, such as Table 310.16, the limitations for connect- used in Figure B.310.3 through Figure B.310.5.
ing to equipment terminals specified in 110.14(C) have to
be followed. For equipment 600 volts and under, the ampaci-
ties for use with equipment terminals are based on Table

Typical values of thermal resistivity (Rho) are as follows:310.16. See the commentary following 110.14(C) and
310.15(C). Average soil (90 percent of USA) = 90

Concrete = 55

B.310.15(B)(2) Typical Applications Covered by Tables. Typi- Damp soil (coastal areas, high water table) = 60
cal ampacities for conductors rated 0 through 2000 volts are shown Paper insulation = 550
in Tables B.310.1 through B.310.10. Underground electrical duct

Polyethylene (PE) = 450bank configurations, as detailed in Figures B.310.3, B.310.4, and
B.310.5, are utilized for conductors rated 0 through 5000 volts. In Polyvinyl chloride (PVC) = 650
Figures B.310.2 through B.310.5, where adjacent duct banks are

Rubber and rubber-like = 500used, a separation of 1.5 m (5 ft) between the centerlines of the
Very dry soil (rocky or sandy) = 120closest ducts in each bank or 1.2 m (4 ft) between the extremities

of the concrete envelopes is sufficient to prevent derating of the
Thermal resistivity, as used in this annex, refers to the heatconductors due tomutual heating. These ampacities were calculated

as detailed in the basic ampacity paper, AIEE Paper 57-660, The transfer capability through a substance by conduction. It is the
reciprocal of thermal conductivity and is normally expressed inCalculation of the Temperature Rise and Load Capability of Cable

Systems, by J. H.Neher andM.H.McGrath. For additional informa- the units �C-cm/watt. For additional information on determining
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Annex B — Application Information for Ampacity Calculation

soil thermal resistivity (Rho), see ANSI/IEEE Standard 442-1996,
Guide for Soil Thermal Resistivity Measurements.

B.310.15(B)(3) Criteria Modifications. Where values of load
factor and Rho are known for a particular electrical duct bank
installation and they are different from those shown in a specific
table or figure, the ampacities shown in the table or figure can be
modified by the application of factors derived from the use of
Figure B.310.1.

Where two different ampacities apply to adjacent portions of
a circuit, the higher ampacity can be used beyond the point of
transition, a distance equal to 3 m (10 ft) or 10 percent of the
circuit length figured at the higher ampacity, whichever is less.

The information provided in B.310.15(B)(3) on how to ad-
dress different conductor ampacities that apply to adjacent
portions of a circuit is also specified in the exception to
310.15(A)(2). See the commentary following that exception.

Outdoor
transformer

Drain pipe
Electrical
duct Building

disconnect

Not more than 25%
of total run length

Exhibit B.1 illustrates an installation where a change
Exhibit B.1 The presence of a drain pipe results in a change ofin the burial depth results in an analysis of whether a modifi-
burial depth for that portion of the electrical installation under thecation to the conductor ampacity is necessary. If that portion
drain pipe.deeper than 30 in. does not exceed 25 percent of the total

run length, no decrease in ampacity is required, even if part
of the run is more than 30 in. deep, which is the maximum

spacing between electrical ducts, similar to Figure B.310.2, Detaildepth assumed in Figure B.310.2, Note 1, to maintain the
1, multiply the ampacity shown for one duct in Tables B.310.6

accuracy of the tables. and B.310.7 by 0.88.

(b) To obtain the ampacity of cables installed in four electrical
Where the burial depth of direct burial or electrical duct bank ducts in one horizontal row with 190-mm (7.5-in.) center-to-center

circuits are modified from the values shown in a figure or table, spacing between electrical ducts, similar to Figure B.310.2, Detail
ampacities can be modified as shown in (a) and (b) as follows. 2, multiply the ampacity shown for three electrical ducts in Tables

B.310.6 and B.310.7 by 0.94.(a) Where burial depths are increased in part(s) of an electrical
duct run to avoid underground obstructions, no decrease in ampacity
of the conductors is needed, provided the total length of parts of The underground ampacity tables (Table B.310.5 through
the duct run increased in depth to avoid obstructions is less than

Table B.310.10) are based on the 7.5 in. center-to-center25 percent of the total run length.
spacing illustrated in Figure B.310.2. Although moving di-

(b) Where burial depths are deeper than shown in a specific
rectly buried cables or electrical ducts farther apart willunderground ampacity table or figure, an ampacity derating factor
increase ampacities, the effect is surprisingly small. Oneof 6 percent per increased 300 mm (foot) of depth for all values
calculation indicates that two side-by-side electrical ductsof Rho can be utilized. No rating change is needed where the burial
buried 30 in. below grade would have to be spaced aboutdepth is decreased.
5 ft apart before they could be considered single electrical
ducts as shown in Detail 1, Figure B.310.2. Decreasing theFor example, in accordance with Table B.310.7 and Figure
burial depth, decreasing the thermal resistivity of the earthB.310.2, the ampacity of six parallel runs of 500 kcmil, Type
or other surrounding medium, and decreasing the load factorXHHW copper conductors (as shown in Detail 3 in Figure
each has a much greater effect in increasing ampacity thanB.310.2), where Rho � 90, is 6 � 273 amperes � 1638
does increasing the horizontal spacing.amperes at a depth measuring no more than 30 in. to the

top duct in the bank. If the burial depth is 6 ft, the ampacity
is calculated as follows: 1638 amperes � (3.5 � 0.06 � B.310.15(B)(6) Electrical DuctsUsed in FigureB.310.2. If spac-
1638 amperes) � 1294 amperes. ing between electrical ducts, as shown in Figure B.310.2, is less than

specified in Figure B.310.2, where electrical ducts enter equipment
enclosures from underground, the ampacity of conductors containedB.310.15(B)(4) Electrical Ducts. The term electrical duct(s) is
within such electrical ducts need not be reduced.defined in 310.60.

B.310.15(B)(5) Tables B.310.6 and B.310.7. B.310.15(B)(7) Examples Showing Use of Figure B.310.1 for
Electrical Duct Bank Ampacity Modifications. Figure B.310.1(a) To obtain the ampacity of cables installed in two electrical

ducts in one horizontal row with 190-mm (7.5-in.) center-to-center is used for interpolation or extrapolation for values of Rho and
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Annex B — Application Information for Ampacity Calculation

load factor for cables installed in electrical ducts. The upper family 100 percent load factor where the equivalent Rho = 90. Then follow
the 90 Rho line to I2/I1ratio of 0.686 where F = 0.74. The desiredof curves shows the variation in ampacity and Rho at unity load

factor in terms of I1, the ampacity for Rho = 60, and 50 percent ampacity = 0.74 � 583 = 431, which agrees with the table for
Rho = 90, LF = 100.load factor. Each curve is designated for a particular ratio I2/I1,

where I2 is the ampacity at Rho = 120 and 100 percent load factor. To determine the ampacity for the same circuit where Rho =
80 and LF = 75, using Figure B.310.1, the equivalent Rho = 43,The lower family of curves shows the relationship between

Rho and load factor that will give substantially the same ampacity F = 0.855, and the desired ampacity = 0.855� 583 = 498 amperes.
Values for using Figure B.310.1 are found in the electrical ductas the indicated value of Rho at 100 percent load factor.

As an example, to find the ampacity of a 500 kcmil copper bank ampacity tables of this annex.
Where the load factor is less than 100 percent and can becable circuit for six electrical ducts as shown in Table B.310.5: At

the Rho = 60, LF = 50, I1 = 583; for Rho = 120 and LF = 100, verified by measurement or calculation, the ampacity of electrical
duct bank installations can be modified as shown. Different valuesI2 = 400. The ratio I2/I1 = 0.686. Locate Rho = 90 at the bottom

of the chart and follow the 90 Rho line to the intersection with of Rho can be accommodated in the same manner.
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Annex B — Application Information for Ampacity Calculation

Table B.310.1 Ampacities of Two or Three Insulated Conductors, Rated 0 Through 2000 Volts, Within
an Overall Covering (Multiconductor Cable), in Raceway in Free Air Based on Ambient Air Temperature
of 30�C (86�F)

Temperature Rating of Conductor. (See Table 310.13.)

60�C (140�F) 75�C (167�F) 90�C (194�F) 60�C (140�F) 75�C (167�F) 90�C (194�F)

Types Types
THHN, THHN,
THHW, THHW,
THW-2, THW-2,
THWN-2, THWN-2,

Types RHW, RHH, RWH- Types RHW, RHH, RWH-
THHW, 2, USE-2, THHW, 2,USE-2,
THW, XHHW, THW, XHHW,

Types TW, THWN, XHHW-2, THWN, XHHW-2,
UF XHHW, ZW ZW-2 Type TW XHHW ZW-2

Size (AWG or ALUMINUM OR COPPER-CLAD Size (AWG or
kcmil) COPPER ALUMINUM kcmil)

14 16* 18* 21* — — — 14
12 20* 24* 27* 16* 18* 21* 12
10 27* 33* 36* 21* 25* 28* 10
8 36 43 48 28 33 37 8

6 48 58 65 38 45 51 6
4 66 79 89 51 61 69 4
3 76 90 102 59 70 79 3
2 88 105 119 69 83 93 2
1 102 121 137 80 95 106 1

1/0 121 145 163 94 113 127 1/0
2/0 138 166 186 108 129 146 2/0
3/0 158 189 214 124 147 167 3/0
4/0 187 223 253 147 176 197 4/0

250 205 245 276 160 192 217 250
300 234 281 317 185 221 250 300
350 255 305 345 202 242 273 350
400 274 328 371 218 261 295 400
500 315 378 427 254 303 342 500

600 343 413 468 279 335 378 600
700 376 452 514 310 371 420 700
750 387 466 529 321 384 435 750
800 397 479 543 331 397 450 800
900 415 500 570 350 421 477 900
1000 448 542 617 382 460 521 1000

Correction Factors

Ambient For ambient temperatures other than 30�C (86�F), multiply the ampacities shown above by the Ambient
Temp. (�C) appropriate factor shown below. Temp. (�F)

21–25 1.08 1.05 1.04 1.08 1.05 1.04 70–77
26–30 1.00 1.00 1.00 1.00 1.00 1.00 79–86
31–35 0.91 0.94 0.96 0.91 0.94 0.96 88–95
36–40 0.82 0.88 0.91 0.82 0.88 0.91 97–104
41–45 0.71 0.82 0.87 0.71 0.82 0.87 106–113
46–50 0.58 0.75 0.82 0.58 0.75 0.82 115–122
51–55 0.41 0.67 0.76 0.41 0.67 0.76 124–131
56–60 — 0.58 0.71 — 0.58 0.71 133–140
61–70 — 0.33 0.58 — 0.33 0.58 142–158
71–80 — — 0.41 — — 0.41 160–176

*Unless otherwise specifically permitted elsewhere in this Code, the overcurrent protection for these conductor
types shall not exceed 15 amperes for 14 AWG, 20 amperes for 12 AWG, and 30 amperes for 10 AWG copper;
or 15 amperes for 12 AWG and 25 AWG amperes for 10 AWG aluminum and copper-clad aluminum.
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Annex B — Application Information for Ampacity Calculation

Table B.310.3 Ampacities of Multiconductor Cables with Not More Than Three Insulated Conductors,
Rated 0 Through 2000 Volts, in Free Air Based on Ambient Air Temperature of 40�C (104�F) (For Types
TC, MC, MI, UF, and USE Cables)

Temperature Rating of Conductor. (See Table 310.13.)

60�C 75�C 85�C 90�C 60�C 75�C 85�C 90�C
(140�F) (167�F) (185�F) (194�F) (140�F) (167�F) (185�F) (194�F)

Size (AWG ALUMINUM OR COPPER-CLAD Size (AWG
or kcmil) COPPER ALUMINUM or kcmil)

18 — — — 11* — — — — 18
16 — — — 16* — — — — 16
14 18* 21* 24* 25* — — — — 14
12 21* 28* 30* 32* 18* 21* 24* 25* 12
10 28* 36* 41* 43* 21* 28* 30* 32* 10
8 39 50 56 59 30 39 44 46 8

6 52 68 75 79 41 53 59 61 6
4 69 89 100 104 54 70 78 81 4
3 81 104 116 121 63 81 91 95 3
2 92 118 132 138 72 92 103 108 2
1 107 138 154 161 84 108 120 126 1

1/0 124 160 178 186 97 125 139 145 1/0
2/0 143 184 206 215 111 144 160 168 2/0
3/0 165 213 238 249 129 166 185 194 3/0
4/0 190 245 274 287 149 192 214 224 4/0

250 212 274 305 320 166 214 239 250 250
300 237 306 341 357 186 240 268 280 300
350 261 337 377 394 205 265 296 309 350
400 281 363 406 425 222 287 317 334 400
500 321 416 465 487 255 330 368 385 500

600 354 459 513 538 284 368 410 429 600
700 387 502 562 589 306 405 462 473 700
750 404 523 586 615 328 424 473 495 750
800 415 539 604 633 339 439 490 513 800
900 438 570 639 670 362 469 514 548 900
1000 461 601 674 707 385 499 558 584 1000

Correction Factors

Ambient For ambient temperatures other than 40�C (104�F), multiply the ampacities shown above by the Ambient
Temp. (�C) appropriate factor shown below. Temp. (�F)

21–25 1.32 1.20 1.15 1.14 1.32 1.20 1.15 1.14 70–77
26–30 1.22 1.13 1.11 1.10 1.22 1.13 1.11 1.10 79–86
31–35 1.12 1.07 1.05 1.05 1.12 1.07 1.05 1.05 88–95
36–40 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 97–104
41–45 0.87 0.93 0.94 0.95 0.87 0.93 0.94 0.95 106–113
46–50 0.71 0.85 0.88 0.89 0.71 0.85 0.88 0.89 115–122
51–55 0.50 0.76 0.82 0.84 0.50 0.76 0.82 0.84 124–131
56–60 — 0.65 0.75 0.77 — 0.65 0.75 0.77 133–140
61–70 — 0.38 0.58 0.63 — 0.38 0.58 0.63 142–158
71–80 — — 0.33 0.44 — — 0.33 0.44 160–176

*Unless otherwise specifically permitted elsewhere in this Code, the overcurrent protection for these conductor types
shall not exceed 15 amperes for 14 AWG, 20 amperes for 12 AWG, and 30 amperes for 10 AWG copper; or 15
amperes for 12 AWG and 25 amperes for 10 AWG aluminum and copper-clad aluminum.
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Annex B — Application Information for Ampacity Calculation

Table B.310.5 Ampacities of Single Insulated Conductors, Rated 0 through 2000 Volts, in Nonmagnetic
Underground Electrical Ducts (One Conductor per Electrical Duct), Based on Ambient Earth
Temperature of 20�C (68�F), Electrical Duct Arrangement per Figure B.310.2, Conductor Temperature
75�C (167�F)

3 Electrical Ducts 6 Electrical Ducts 9 Electrical Ducts 3 Electrical Ducts 6 Electrical Ducts 9 Electrical Ducts
(Fig. B.310.2, (Fig. B.310.2, (Fig. B.310.2, (Fig. B.310.2, (Fig. B.310.2, (Fig. B.310.2,
Detail 2) Detail 3) Detail 4) Detail 2) Detail 3) Detail 4)

Types RHW, Types RHW, Types RHW, Types RHW, Types RHW, Types RHW,
THHW, THW, THHW, THW, THHW, THW, THHW, THW, THHW, THW, THHW, THW,
THWN, XHHW, THWN, XHHW, THWN, XHHW, THWN, XHHW, THWN, XHHW, THWN, XHHW,

USE USE USE USE USE USE
Size Size
(kcmil) COPPER ALUMINUM OR COPPER-CLAD ALUMINUM (kcmil)

RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO
60 90 120 60 90 120 60 90 120 60 90 120 60 90 120 60 90 120
LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF
50 100 100 50 100 100 50 100 100 50 100 100 50 100 100 50 100 100

250 410 344 327 386 295 275 369 270 252 320 269 256 302 230 214 288 211 197 250
350 503 418 396 472 355 330 446 322 299 393 327 310 369 277 258 350 252 235 350
500 624 511 484 583 431 400 545 387 360 489 401 379 457 337 313 430 305 284 500
750 794 640 603 736 534 494 674 469 434 626 505 475 581 421 389 538 375 347 750

1000 936 745 700 864 617 570 776 533 493 744 593 557 687 491 453 629 432 399 1000
1250 1055 832 781 970 686 632 854 581 536 848 668 627 779 551 508 703 478 441 1250
1500 1160 907 849 1063 744 685 918 619 571 941 736 689 863 604 556 767 517 477 1500
1750 1250 970 907 1142 793 729 975 651 599 1026 796 745 937 651 598 823 550 507 1750
2000 1332 1027 959 1213 836 768 1030 683 628 1103 850 794 1005 693 636 877 581 535 2000

Ambient Ambient
Temp. Temp.
(�C) Correction Factors (�F)

6–10 1.09 1.09 1.09 1.09 1.09 1.09 43–50
11–15 1.04 1.04 1.04 1.04 1.04 1.04 52–59
16–20 1.00 1.00 1.00 1.00 1.00 1.00 61–68
21–25 0.95 0.95 0.95 0.95 0.95 0.95 70–77
26–30 0.90 0.90 0.90 0.90 0.90 0.90 79–86
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Annex B — Application Information for Ampacity Calculation

Table B.310.6 Ampacities of Three Insulated Conductors, Rated 0 through 2000 Volts, Within an
Overall Covering (Three-Conductor Cable) in Underground Electrical Ducts (One Cable
per Electrical Duct) Based on Ambient Earth Temperature of 20�C (68�F), Electrical Duct
Arrangement per Figure B.310.2, Conductor Temperature 75�C (167�F)

1 Electrical Duct 3 Electrical Ducts 6 Electrical Ducts 1 Electrical Duct 3 Electrical Ducts 6 Electrical Ducts
(Fig. B.310.2, (Fig. B.310.2, (Fig. B.310.2, (Fig. B.310.2, (Fig. B.310.2, (Fig. B.310.2,
Detail 1) Detail 2) Detail 3) Detail 1) Detail 2) Detail 3)

Types RHW, Types RHW, Types RHW, Types RHW, Types RHW, Types RHW,
THHW, THW, THHW, THW, THHW, THW, THHW, THW, THHW, THW, THHW, THW,
THWN, XHHW, THWN, XHHW, THWN, XHHW, THWN, XHHW, THWN, XHHW, THWN, XHHW,

USE USE USE USE USE USE
Size Size

(AWG or (AWG or
kcmil) COPPER ALUMINUM OR COPPER-CLAD ALUMINUM kcmil)

RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO
60 90 120 60 90 120 60 90 120 60 90 120 60 90 120 60 90 120
LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF
50 100 100 50 100 100 50 100 100 50 100 100 50 100 100 50 100 100

8 58 54 53 56 48 46 53 42 39 45 42 41 43 37 36 41 32 30 8
6 77 71 69 74 63 60 70 54 51 60 55 54 57 49 47 54 42 39 6
4 101 93 91 96 81 77 91 69 65 78 72 71 75 63 60 71 54 51 4
2 132 121 118 126 105 100 119 89 83 103 94 92 98 82 78 92 70 65 2
1 154 140 136 146 121 114 137 102 95 120 109 106 114 94 89 107 79 74 1

1/0 177 160 156 168 137 130 157 116 107 138 125 122 131 107 101 122 90 84 1/0
2/0 203 183 178 192 156 147 179 131 121 158 143 139 150 122 115 140 102 95 2/0
3/0 233 210 204 221 178 158 205 148 137 182 164 159 172 139 131 160 116 107 3/0
4/0 268 240 232 253 202 190 234 168 155 209 187 182 198 158 149 183 131 121 4/0

250 297 265 256 280 222 209 258 184 169 233 207 201 219 174 163 202 144 132 250
350 363 321 310 340 267 250 312 219 202 285 252 244 267 209 196 245 172 158 350
500 444 389 375 414 320 299 377 261 240 352 308 297 328 254 237 299 207 190 500
750 552 478 459 511 388 362 462 314 288 446 386 372 413 314 293 374 254 233 750
1000 628 539 518 579 435 405 522 351 321 521 447 430 480 361 336 433 291 266 1000

Ambient Ambient
Temp. Temp.
(�C) Correction Factors (�F)

6–10 1.09 1.09 1.09 1.09 1.09 1.09 43–50
11–15 1.04 1.04 1.04 1.04 1.04 1.04 52–59
16–20 1.00 1.00 1.00 1.00 1.00 1.00 61–68
21–25 0.95 0.95 0.95 0.95 0.95 0.95 70–77
26–30 0.90 0.90 0.90 0.90 0.90 0.90 79–86
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Annex B — Application Information for Ampacity Calculation

Table B.310.7 Ampacities of Three Single Insulated Conductors, Rated 0 Through 2000 Volts,
in Underground Electrical Ducts (Three Conductors per Electrical Duct) Based on Ambient
Earth Temperature of 20�C (68�F), Electrical Duct Arrangement per Figure B.310.2,
Conductor Temperature 75�C (167�F)

1 Electrical Duct 3 Electrical Ducts 6 Electrical Ducts 1 Electrical Duct 3 Electrical Ducts 6 Electrical Ducts
(Fig. B.310.2, (Fig. B.310.2, (Fig. B.310.2, (Fig. B.310.2, (Fig. B.310.2, (Fig. B.310.2,
Detail 1) Detail 2) Detail 3) Detail 1) Detail 2) Detail 3)

Types RHW, Types RHW, Types RHW, Types RHW, Types RHW, Types RHW,
THHW, THW, THHW, THW, THHW, THW, THHW, THW, THHW, THW, THHW, THW,
THWN, XHHW, THWN, XHHW, THWN, XHHW, THWN, XHHW, THWN, XHHW, THWN, XHHW,

USE USE USE USE USE USE
Size Size

(AWG or (AWG or
kcmil) COPPER ALUMINUM OR COPPER-CLAD ALUMINUM kcmil)

RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO RHO
60 90 120 60 90 120 60 90 120 60 90 120 60 90 120 60 90 120
LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF LF
50 100 100 50 100 100 50 100 100 50 100 100 50 100 100 50 100 100

8 63 58 57 61 51 49 57 44 41 49 45 44 47 40 38 45 34 32 8
6 84 77 75 80 67 63 75 56 53 66 60 58 63 52 49 59 44 41 6
4 111 100 98 105 86 81 98 73 67 86 78 76 79 67 63 77 57 52 4
3 129 116 113 122 99 94 113 83 77 101 91 89 83 77 73 84 65 60 3
2 147 132 128 139 112 106 129 93 86 115 103 100 108 87 82 101 73 67 2
1 171 153 148 161 128 121 149 106 98 133 119 115 126 100 94 116 83 77 1

1/0 197 175 169 185 146 137 170 121 111 153 136 132 144 114 107 133 94 87 1/0
2/0 226 200 193 212 166 156 194 136 126 176 156 151 165 130 121 151 106 98 2/0
3/0 260 228 220 243 189 177 222 154 142 203 178 172 189 147 138 173 121 111 3/0
4/0 301 263 253 280 215 201 255 175 161 235 205 198 219 168 157 199 137 126 4/0

250 334 290 279 310 236 220 281 192 176 261 227 218 242 185 172 220 150 137 250
300 373 321 308 344 260 242 310 210 192 293 252 242 272 204 190 245 165 151 300
350 409 351 337 377 283 264 340 228 209 321 276 265 296 222 207 266 179 164 350
400 442 376 361 394 302 280 368 243 223 349 297 284 321 238 220 288 191 174 400

500 503 427 409 460 341 316 412 273 249 397 338 323 364 270 250 326 216 197 500
600 552 468 447 511 371 343 457 296 270 446 373 356 408 296 274 365 236 215 600
700 602 509 486 553 402 371 492 319 291 488 408 389 443 321 297 394 255 232 700
750 632 529 505 574 417 385 509 330 301 508 425 405 461 334 309 409 265 241 750

800 654 544 520 597 428 395 527 338 308 530 439 418 481 344 318 427 273 247 800
900 692 575 549 628 450 415 554 355 323 563 466 444 510 365 337 450 288 261 900
1000 730 605 576 659 472 435 581 372 338 597 494 471 538 385 355 475 304 276 1000

Ambient Ambient
Temp. Temp.
(�C) Correction Factors (�F)

6–10 1.09 1.09 1.09 1.09 1.09 1.09 43–50
11–15 1.04 1.04 1.04 1.04 1.04 1.04 52–59
16–20 1.00 1.00 1.00 1.00 1.00 1.00 61–68
21–25 0.95 0.95 0.95 0.95 0.95 0.95 70–77
26–30 0.90 0.90 0.90 0.90 0.90 0.90 79–86

2005 National Electrical Code Handbook1200

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

--```,,``,`,,,`,`,`,`,,,,,,`,,,-`-`,,`,,`,`,,`---



Annex B — Application Information for Ampacity Calculation

Table B.310.8 Ampacities of Two or Three Insulated Conductors, Rated 0 Through 2000 Volts,
Cabled Within an Overall (Two- or Three-Conductor) Covering, Directly Buried in Earth, Based on
Ambient Earth Temperature of 20�C (68�F), Arrangement per Figure B.310.2, 100 Percent Load
Factor, Thermal Resistance (Rho) of 90

1 Cable (Fig. B.310.2, 2 Cables (Fig. 1 Cable (Fig. B.310.2, 2 Cables (Fig.
Detail 5) B.310.2, Detail 6) Detail 5) B.310.2, Detail 6)

60�C 75�C 60�C 75�C 60�C 75�C 60�C 75�C
(140�F) (167�F) (140�F) (167�F) (140�F) (167�F) (140�F) (167�F)

TYPES TYPES

RHW, RHW, RHW, RHW,
THHW, THHW, THHW, THHW,
THW, THW, THW, THW,
THWN, THWN, THWN, THWN,
XHHW, XHHW, XHHW, XHHW,

UF USE UF USE UF USE UF USE

Size (AWG ALUMINUM OR COPPER-CLAD Size (AWG
or kcmil) COPPER ALUMINUM or kcmil)

8 64 75 60 70 51 59 47 55 8
6 85 100 81 95 68 75 60 70 6
4 107 125 100 117 83 97 78 91 4
2 137 161 128 150 107 126 110 117 2
1 155 182 145 170 121 142 113 132 1

1/0 177 208 165 193 138 162 129 151 1/0
2/0 201 236 188 220 157 184 146 171 2/0
3/0 229 269 213 250 179 210 166 195 3/0
4/0 259 304 241 282 203 238 188 220 4/0

250 — 333 — 308 — 261 — 241 250
350 — 401 — 370 — 315 — 290 350
500 — 481 — 442 — 381 — 350 500
750 — 585 — 535 — 473 — 433 750
1000 — 657 — 600 — 545 — 497 1000

Ambient Ambient
Temp. (�C) Correction Factors Temp. (�F)

6–10 1.12 1.09 1.12 1.09 1.12 1.09 1.12 1.09 43–50
11–15 1.06 1.04 1.06 1.04 1.06 1.04 1.06 1.04 52–59
16–20 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 61–68
21–25 0.94 0.95 0.94 0.95 0.94 0.95 0.94 0.95 70–77
26–30 0.87 0.90 0.87 0.90 0.87 0.90 0.87 0.90 79–86

Note: For ampacities of Type UF cable in underground electrical ducts, multiply the ampacities shown in the table by 0.74.
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Annex B — Application Information for Ampacity Calculation

Table B.310.9 Ampacities of Three Triplexed Single Insulated Conductors, Rated 0 Through 2000 Volts,
Directly Buried in Earth Based on Ambient Earth Temperature of 20�C (68�F), Arrangement per
Figure B.310.2, 100 Percent Load Factor, Thermal Resistance (Rho) of 90

See Fig. B.310.2, See Fig. B.310.2, See Fig. B.310.2, See Fig. B.310.2,
Detail 7 Detail 8 Detail 7 Detail 8

60�C 75�C 60�C 75�C 60�C 75�C 60�C 75�C
(140�F) (167�F) (140�F) (167�F) (140�F) (167�F) (140�F) (167�F)

TYPES TYPES

UF USE UF USE UF USE UF USE

Size (AWG ALUMINUM OR COPPER-CLAD Size (AWG
or kcmil) COPPER ALUMINUM or kcmil)

8 72 84 66 77 55 65 51 60 8
6 91 107 84 99 72 84 66 77 6
4 119 139 109 128 92 108 85 100 4
2 153 179 140 164 119 139 109 128 2
1 173 203 159 186 135 158 124 145 1

1/0 197 231 181 212 154 180 141 165 1/0
2/0 223 262 205 240 175 205 159 187 2/0
3/0 254 298 232 272 199 233 181 212 3/0
4/0 289 339 263 308 226 265 206 241 4/0

250 — 370 — 336 — 289 — 263 250
350 — 445 — 403 — 349 — 316 350
500 — 536 — 483 — 424 — 382 500
750 — 654 — 587 — 525 — 471 750
1000 — 744 — 665 — 608 — 544 1000

Ambient Ambient
Temp. (�C) Correction Factors Temp. (�F)

6–10 1.12 1.09 1.12 1.09 1.12 1.09 1.12 1.09 43–50
11–15 1.06 1.04 1.06 1.04 1.06 1.04 1.06 1.04 52–59
16–20 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 61–68
21–25 0.94 0.95 0.94 0.95 0.94 0.95 0.94 0.95 70–77
26–30 0.87 0.90 0.87 0.90 0.87 0.90 0.87 0.90 79–86
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Annex B — Application Information for Ampacity Calculation

Table B.310.10 Ampacities of Three Single InsulatedConductors, Rated 0 Through 2000Volts, Directly
Buried in Earth Based on Ambient Earth Temperature of 20�C (68�F), Arrangement per Figure
B.310.2, 100 Percent Load Factor, Thermal Resistance (Rho) of 90

See Fig. B.310.2, See Fig. B.310.2, See Fig. B.310.2, See Fig. B.310.2,
Detail 9 Detail 10 Detail 9 Detail 10

60�C 75�C 60�C 75�C 60�C 75�C 60�C 75�C
(140�F) (167�F) (140�F) (167�F) (140�F) (167�F) (140�F) (167�F)

TYPES TYPES

UF USE UF USE UF USE UF USE

Size (AWG ALUMINUM OR COPPER-CLAD Size (AWG
or kcmil) COPPER ALUMINUM or kcmil)

8 84 98 78 92 66 77 61 72 8
6 107 126 101 118 84 98 78 92 6
4 139 163 130 152 108 127 101 118 4
2 178 209 165 194 139 163 129 151 2
1 201 236 187 219 157 184 146 171 1

1/0 230 270 212 249 179 210 165 194 1/0
2/0 261 306 241 283 204 239 188 220 2/0
3/0 297 348 274 321 232 272 213 250 3/0
4/0 336 394 309 362 262 307 241 283 4/0

250 — 429 — 394 — 335 — 308 250
350 — 516 — 474 — 403 — 370 350
500 — 626 — 572 — 490 — 448 500
750 — 767 — 700 — 605 — 552 750

1000 — 887 — 808 — 706 — 642 1000
1250 — 979 — 891 — 787 — 716 1250
1500 — 1063 — 965 — 862 — 783 1500
1750 — 1133 — 1027 — 930 — 843 1750
2000 — 1195 — 1082 — 990 — 897 2000

Ambient Ambient
Temp. (�C) Correction Factors Temp. (�F)

6–10 1.12 1.09 1.12 1.09 1.12 1.09 1.12 1.09 43–50
11–15 1.06 1.04 1.06 1.04 1.06 1.04 1.06 1.04 52–59
16–20 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 61–68
21–25 0.94 0.95 0.94 0.95 0.94 0.95 0.94 0.95 70–77
26–30 0.87 0.90 0.87 0.90 0.87 0.90 0.87 0.90 79–86
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Annex B — Application Information for Ampacity Calculation

Table B.310.11 Adjustment Factors for More Than Three
Current-Carrying Conductors in a Raceway or Cable with
Load Diversity

Percent of Values in Tables as
Number of Current- Adjusted for Ambient
Carrying Conductors Temperature if Necessary

4 – 6 80
7 – 9 70
10 – 24 70*
25 – 42 60*
43 – 85 50*

*These factors include the effects of a load diversity of 50 percent.

FPN: The ampacity limit for the number of current-
carrying conductors in 10 through 85 is based on the
following formula. For greater than 85 conductors, spe-
cial calculations are required that are beyond the scope
of this table.

A2 = �0.5N
E

� (A1) or A1, whichever is less

where:

A1 � ampacity from Tables 310.16; 310.18; B.310.1;
B.310.6; and B.310.7 multiplied by the appropriate
factor from Table B.310.11.

1.15

1.10

1.05

1.00

0.95

0.90

0.85

0.80

0.75

0.70

0.65

0.60

0.55

0.50

0.45

0.40

100

95

90

85

80

75

70

65

60

55
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45

40

35

30
100 20 30 40 6050 70 80 90 110100 120 130140 160150 170 180 190 200

F
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ad
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to
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R
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 —

10 20 30 40 6050 70 80 90 110100 120 130140 160150 170 180 190 200

0.60

0.80

RHO

0.95

0.90

0.85

0.75

0.70

0.65

0.55

I 2 I 1

0.50

N � total number of conductors used to obtain multi-
plying factor from Table B.310.11

Figure B.310.1 Interpolation Chart for Cables in a Duct BankE � desired number of current-carrying conductors in
I1 = ampacity for Rho = 60, 50 LF; I2 = ampacity for Rho =the raceway or cable
120, 100 LF (load factor); desired ampacity = F � I1.A2 � ampacity limit for the current-carrying conductors

in the raceway or cable

Example 1
Calculate the ampacity limit for twelve 14 AWG THWN

current-carrying conductors (75�C) in a raceway that contains 24
conductors.

A2 = �(0.5)(24)
12

� 20(0.7)

= 14 amperes (i.e., 50 percent diversity)

Example 2
Calculate the ampacity limit for eighteen 14 AWG THWN

current-carrying conductors (75�C) in a raceway that contains 24
conductors.

A2 = �(0.5)(24)
18

� 20(0.7) = 11.5 amperes
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Annex B — Application Information for Ampacity Calculation

Detail 4
675 mm × 675 mm
(27 in. × 27 in.)
Electrical duct bank
Nine electrical ducts

Detail 1
290 mm × 290 mm
(11.5 in. × 11.5 in.)
Electrical duct bank
One electrical duct Detail 2

475 mm × 475 mm
(19 in. × 19 in.)
Electrical duct bank
Three electrical ducts
             or

Detail 3
475 mm × 675 mm
(19 in. × 27 in.)
Electrical duct bank
Six electrical ducts
           or

600 mm
(24 in.)

Detail 5
Buried 3
conductor
cable

Detail 6
Buried 3
conductor
cables

Detail 7
Buried triplexed
cables (1 circuit) 

Detail 8
Buried triplexed
cables (2 circuits) 

675 mm × 290 mm
(27 in. × 11.5 in.)
Electrical duct bank
Three electrical ducts

675 mm × 475 mm
(27 in. × 19 in.)
Electrical duct bank

Detail 9
Buried 
single-conductor
cables (1 circuit)

Detail 10
Buried 
single-conductor
cables (2 circuits)

Note 1: Minimum burial depths to top electrical ducts or cables shall be in
accordance with 300.5.  Maximum depth to the top of electrical duct 
banks shall be 750 mm (30 in.) and maximum depth to the top of 
direct buried cables shall be 900 mm (36 in.)

Note 2: For two and four electrical duct installations with electrical ducts
installed in a single row, see B.310.15(B)(5).

Legend

Backfill
(earth or concrete)

Electrical duct

Cable or cables

190 mm (7.5 in.)

190 mm (7.5 in.)

19
0 

m
m

(7
.5

 in
.)

600 mm
(24 in.)

190 mm
(7.5 in.)

190 mm
(7.5 in.)

190 mm
(7.5 in.)

190 mm
(7.5 in.)

190 mm
(7.5 in.)

190 mm
(7.5 in.)600 mm

(24 in.)

190 mm
(7.5 in.)

190 mm
(7.5 in.)

190 mm
(7.5 in.)

190 mm
(7.5 in.)

19
0 

m
m

(7
.5

 in
.)

19
0 

m
m

(7
.5

 in
.)

19
0 

m
m

(7
.5

 in
.)

19
0 

m
m

(7
.5

 in
.)

190 mm
(7.5 in.)

190 mm
(7.5 in.)

19
0 

m
m

 (
7.

5 
in

.)

Figure B.310.2 Cable Installation Dimensions for Use with Table B.310.5 through Table B.310.10.
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Annex B — Application Information for Ampacity Calculation

Surface

BØ

CØ

950 mm (38 in.)

600 mm (24 in.)

150 mm (6 in.)

250 mm
(10 in.)

1.1 m (44 in.)

N and
EGC

AØ

250 mm (10 in.)

150 mm (6 in.)

250 mm (10 in.)

250 mm
(10 in.)

250 mm
(10 in.)

Design Criteria Number of Cables per Phase = 4
Neutral and Equipment Rho Concrete = Rho Earth – 5

Grounding Conductor (EGC) Rho PVC Duct = 650
Duct = 150 mm (6 in.)

Phase Ducts = 75 mm (3 in.) Rho Cable Insulation = 500
Conductor Material = Copper Rho Cable Jacket = 650
Number of Cables per Duct = 1

Notes:
1. Neutral configuration per 300.5(I), Exception No. 2.
2. Maximum harmonic loading on the neutral conductor cannot exceed 50 percent of the

phase current for the ampacities shown in the table.
3. Metallic shields of Type MV-90 cable shall be grounded at one point only. 

Ambient
Temp.
(°C)

For ambient temperatures other than 20°C (68°F),
multiply the ampacities shown above by the

appropriate factor shown below.

Ambient
Temp.

(

 6–10 1.09 1.09 1.09 1.09 1.09 43–50
11–15 1.04 1.04 1.04 1.04 1.04 52–59
16–20 1.00 1.00 1.00 1.00 1.00 61–68
21–25 0.95 0.95 0.95 0.95 0.95 70–77
26–30 0.90 0.90 0.90 0.90 0.90 79–86

*Limited to 75°C conductor temperature.

Size
kcmil

Size
kcmil

TYPES
RHW,THHW, THW,THWN,  
XHHW, USE, OR MV-90*

Total per Phase Ampere Rating

RHO EARTH 90
LF 100

RHO EARTH 60
LF 50

RHO EARTH 120
LF 100

750
2820

(705A/Cable)
1860

(465A/Cable)
1680

(420A/Cable) 750

1000
3300

(825A/Cable)
2140

(535A/Cable)
1920

(480A/Cable) 1000

1250
3700

(925A/Cable)
2380

(595A/Cable)
2120

(530A/Cable) 1250

1500
4060

(1015A/Cable)
2580

(645A/Cable)
2300

(575A/Cable) 1500

1750
4360

(1090A/Cable)
2740

(685A/Cable)
2460

(615A/Cable) 1750

°F)

Surface

150 mm (6 in.)

750 mm (30 in.)

(Typical 
for all)

600 mm (24 in.)

N and
EGC

150 mm  (6 in.)

675 mm (27 in.)

190 mm (7.5 in.)

190 mm (7.5 in.)

190 mm 
(7.5 in.)

190 mm 
(7.5 in.)

Design Criteria Number of Cables per Phase = 9
Neutral and Equipment Rho concrete = Rho Earth – 5

Grounding conductor (EGC)
Duct = 150 mm (6 in.) Rho PVC Duct  = 650

Phase Ducts = 75 to 125 mm (3 to 5 in.) Rho Cable Insulation = 500
Conductor Material = Copper Rho Cable Jacket = 650
Number of Cables per Duct = 3

Notes:
1. Neutral configuration per 300.5(I), Exception No. 2, for isolated phase installations in

nonmagnetic ducts.
2. Phasing is A, B, C in rows or columns. Where magnetic electrical ducts are used,

conductors are installed A, B, C per electrical duct with the neutral and all equipment
grounding conductors in the same electrical duct. In this case, the 6-in.
trade size neutral duct is eliminated.

3. Maximum harmonic loading on the neutral conductor cannot exceed 50 percent of the
phase current for the ampacities shown in the table.

4. Metallic shields of Type MV-90 cable shall be grounded at one point only where using
A, B, C phasing in rows or columns.

Size
kcmil

Size
kcmil

TYPES
RHW,THHW,THW,THWN,
XHHW, USE, OR MV-90*

Total per Phase Ampere Rating

RHO EARTH 90 
LF 100

RHO EARTH 60 
LF 50

RHO EARTH 120 
LF 100

250
2340

(260A/Cable)
1530

(170A/Cable)
1395

(155A/Cable) 250

350
2790

(310A/Cable)
1800

(200A/Cable)
1665

(185A/Cable) 350

500
3375

(375A/Cable)
2160

(240A/Cable)
1980

(220A/Cable) 350

Ambient
Temp.
(°C)

For ambient temperatures other than 20°C (68°F),
multiply the ampacities shown above by the 

appropriate factor shown below.

Ambient
Temp.

(°F)

  6–10 1.09 1.09 1.09 1.09 1.09 43–50
11–15 1.04 1.04 1.04 1.04 1.04 52–59
16–20 1.00 1.00 1.00 1.00 1.00 61–68
21–25 0.95 0.95 0.95 0.95 0.95 70–77
26–30 0.90 0.90 0.90 0.90 0.90 79–86

*Limited to 75°C conductor temperature.

Figure B.310.4 Ampacities of Single Insulated ConductorsFigure B.310.3 Ampacities of Single Insulated Conductors
Rated 0 through 5000 Volts in Nonmagnetic UndergroundRated 0 through 5000 Volts in Underground Electrical Ducts
Electrical Ducts (One Conductor per Electrical Duct), Four(Three Conductors perElectrical Duct), Nine Single-Conductor
Single-Conductor Cables per Phase Based on Ambient EarthCables per Phase Based on Ambient Earth Temperature of
Temperature of 20�C (68�F), Conductor Temperature 75�C20�C (68�F), Conductor Temperature 75�C (167�F).
(167�F).
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Annex B — Application Information for Ampacity Calculation

Table B.310.11 Adjustment Factors for More Than Three
Current-Carrying Conductors in a Raceway or Cable with
Load Diversity

Percent of Values in Tables as
Number of Current- Adjusted for Ambient
Carrying Conductors Temperature if Necessary

4 – 6 80
7 – 9 70
10 – 24 70*
25 – 42 60*
43 – 85 50*

*These factors include the effects of a load diversity of 50 percent.

Surface

BØ

CØ

1.1 m (44 in.)

N and
EGC

AØ

150 mm (6 in.)

950 mm (38 in.)

600 mm (24 in.)

150 mm (6 in.)

250 mm
(10 in.)

250 mm (10 in.)

250 mm
(10 in.)

250 mm (10 in.)

250 mm
(10 in.)

250 mm
(10 in.)

Design Criteria Number of Cables per Phase = 5
Neutral and Equipment Rho Concrete = Rho Earth – 5

Grounding Conductor (EGC) Rho PVC Duct = 650
Duct = 150 mm (6 in.)

Phase Ducts = 75 mm (3 in.) Rho Cable Insulation = 500
Conductor Material = Copper Rho Cable Jacket = 650
Number of Cables per Duct = 1

Notes:
1. Neutral configuration per 300.5(I), Exception No. 2.
2. Maximum harmonic loading on the neutral conductor cannot exceed 50 percent of the

phase current for the ampacities shown in the table.
3. Metallic shields of Type MV-90 cable shall be grounded at one point only. 

Size
kcmil

Size
kcmil

TYPES
RHW,THHW,THW,THWN,   
XHHW, USE, OR MV-90*

Total per Phase Ampere Rating

RHO EARTH 90
LF 100

RHO EARTH 60
LF 50

RHO EARTH 120
LF 100

2000
5575

(1115A/Cable)
3375

(675A/Cable)
3000

(600A/Cable) 2000

*Limited to 75°C conductor temperature.

Ambient
Temp.
(°C)

For ambient temperatures other than 20°C (68°F),
multiply the ampacities shown above by the

appropriate factor shown below.

Ambient
Temp.

(°F)

 6–10 1.09 1.09 1.09 1.09 1.09 43–50
11–15 1.04 1.04 1.04 1.04 1.04 52–59
16–20 1.00 1.00 1.00 1.00 1.00 61–68
21–25 0.95 0.95 0.95 0.95 0.95 70–77
26–30 0.90 0.90 0.90 0.90 0.90 79–86

Figure B.310.5 Ampacities of Single Insulated Conductors
Rated 0 through 5000 Volts in Nonmagnetic Underground Elec-
trical Ducts (One Conductor per Electrical Duct), Five Single-
Conductor Cables per Phase Based on Ambient Earth Temper-
ature of 20�C (68�F), Conductor Temperature 75�C (167�F).
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Annex C

Conduit and Tubing Fill
Tables for Conductors
and FixtureWires of the

Same Size

This annex is not a part of the requirements of this NFPA document but is included for informational
purposes only.

Table C.5 Maximum Number of Conductors or FixtureContents
Wires in Liquidtight Flexible NonmetallicTable C.1 Maximum Number of Conductors or Fixture
Conduit (Type LFNC-B) (Based on Table 1,Wires in Electrical Metallic Tubing (EMT)
Chapter 9)(Based on Table 1, Chapter 9)

Table C.5(A) Maximum Number of Compact Conductors in
Table C.1(A) Maximum Number of Compact Conductors

Liquidtight Flexible Nonmetallic Conduit
in Electrical Metallic Tubing (EMT) (Based

(Type LFNC-B) (Based on Table 1, Chapter 9)
on Table 1, Chapter 9)

Table C.6 Maximum Number of Conductors or Fixture
Table C.2 Maximum Number of Conductors or Fixture Wires in Liquidtight Flexible Nonmetallic

Wires in Electrical Nonmetallic Tubing (ENT) Conduit (Type LFNC-A) (Based on Table 1,
(Based on Table 1, Chapter 9) Chapter 9)

Table C.2(A) Maximum Number of Compact Conductors Table C.6(A) Maximum Number of Compact Conductors in
in Electrical Nonmetallic Tubing (ENT) Liquidtight Flexible Nonmetallic Conduit
(Based on Table 1, Chapter 9) (Type LFNC-A) (Based on Table 1, Chapter 9)

Table C.3 Maximum Number of Conductors or Fixture Table C.7 Maximum Number of Conductors or Fixture
Wires in Flexible Metal Conduit (FMC) Wires in Liquidtight Flexible Metal Conduit
(Based on Table 1, Chapter 9) (LFMC) (Based on Table 1, Chapter 9)

Table C.3(A) Maximum Number of Compact Conductors Table C.7(A) Maximum Number of Compact Conductors
in Flexible Metal Conduit (FMC) (Based on in Liquidtight Flexible Metal Conduit
Table 1, Chapter 9) (LFMC) (Based on Table 1, Chapter 9)

Table C.4 Maximum Number of Conductors or Fixture Table C.8 Maximum Number of Conductors or Fixture
Wires in Intermediate Metal Conduit (IMC) Wires in Rigid Metal Conduit (RMC) (Based
(Based on Table 1, Chapter 9) on Table 1, Chapter 9)

Table C.8(A) Maximum Number of Compact ConductorsTable C.4(A) Maximum Number of Compact Conductors
in Intermediate Metal Conduit (IMC) (Based in Rigid Metal Conduit (RMC) (Based on

Table 1, Chapter 9)on Table 1, Chapter 9)
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table Page
Table C.9 Maximum Number of Conductors or Fixture C.11 — Type A, Rigid PVC Conduit 708

Wires in Rigid PVC Conduit, Schedule 80 C.11(A)* — Type A, Rigid PVC Conduit 712
C.12 — Type EB, PVC Conduit 713(Based on Table 1, Chapter 9)
C.12(A)* — Type EB, PVC Conduit 716Table C.9(A) Maximum Number of Compact Conductors

in Rigid PVC Conduit, Schedule 80 (Based *Where this table is used in conjunction with Tables C.1 through C.12,
the conductors installed must be of the compact type.on Table 1, Chapter 9)

Table C.10 Maximum Number of Conductors or Fixture
Wires in Rigid PVC Conduit, Schedule 40

The Annex C conduit and tubing conductor fill tables are
and HDPE Conduit (Based on Table 1,

provided only as an informational tool and are not part
Chapter 9)

of the mandatory requirements of the Code. The conductor
Table C.10(A) Maximum Number of Compact Conductors

fill values specified in the Annex C tables have been
in Rigid PVC Conduit, Schedule 40 and

calculated based on the conductor fill requirements, conduit
HDPE Conduit (Based on Table 1, Chapter

and tubing dimensions, and conductor dimensions from
9)

Chapter 9, Tables 1, 4, 5, and 5A. As such, where the
Table C.11 Maximum Number of Conductors or Fixture

conductors in conduit or tubing are all of the same physical
Wires in Type A, Rigid PVC Conduit (Based

size and insulation characteristic, the use of the Annex C
on Table 1, Chapter 9)

tables to determine the maximum number of conductors
Table C.11(A) Maximum Number of Compact Conductors

ensures compliance with the Code requirements for raceway
in Type A, Rigid PVC Conduit (Based on

fill found in 300.17 and the respective conduit and tubing
Table 1, Chapter 9)

articles. For that reason, NEC users rely on the widely used
Table C.12 Maximum Number of Conductors in Type

and referred-to tables in Annex C as though they were part
EB, PVC Conduit (Based on Table 1,

of the mandatory requirements of the Code. Although the
Chapter 9)

values for maximum conduit or tubing fill do not exceed
Table C.12(A) Maximum Number of Compact Conductors

that permitted by Chapter 9, Table 1, the advice provided
in Type EB, PVC Conduit (Based on Table

in FPN No.1 to Table 1 on considering a lesser conductor
1, Chapter 9)

fill or a larger size conduit to that table should always be
taken into consideration where the wire-pulling conditions
are not optimum.

Table Page The Annex C tables came about because of the different
internal dimensions of the many types of conduit and tubing.C.1 — Electrical Metallic Tubing (EMT) 658

C.1(A)* — Electrical Metallic Tubing (EMT) 662 Table 3A, Table 3B, and Table 3C in previous editions of
C.2 — Electrical Nonmetallic Tubing (ENT) 663 the Code were generic in nature and did not distinguish
C.2(A)* — Electrical Nonmetallic Tubing (ENT) 667 among the different conduit and tubing types. Although more
C.3 — Flexible Metal Conduit (FMC) 668

comprehensive than the approach taken in past editions ofC.3(A)* — Flexible Metal Conduit (FMC) 672
the Code, the Annex C tables provide a far more preciseC.4 — Intermediate Metal Conduit (IMC) 673

C.4(A)* — Intermediate Metal Conduit (IMC) 677 approach to conductor fill tables.
C.5 — Liquidtight Flexible Nonmetallic Conduit 678 As in past editions of the Code, Chapter 9, Table 1, sets
(Type LFNC-B) forth the percentage fill required, and Table 4, Table 5,
C.5(A)* — Liquidtight Flexible Nonmetallic Conduit 682

and Table 5A list the accurate conduit, tubing, and wire(Type LFNC-B)
dimensions. Users can calculate the percent fill, as permittedC.6 — Liquidtight Flexible Nonmetallic Conduit 683

(Type LFNC-A) in past editions of the Code or use the tables in Annex C,
C.6(A)* — Liquidtight Flexible Nonmetallic Conduit 687 all of which were generated using Chapter 9, Table 1, Table
(Type LFNC-A) 4, Table 5, and Table 5A.
C.7 — Liquidtight Flexible Metal Conduit (LFMC) 688

The 12 sets of tables in Annex C correspond to the 12C.7(A)* — Liquidtight Flexible Metal Conduit 692
conduit and tubing wiring methods in Chapter 3 of the Code.(LFMC)

C.8 — Rigid Metal Conduit (RMC) 693 Each set of tables is subdivided into three conductor catego-
C.8(A)* — Rigid Metal Conduit (RMC) 697 ries: (1) conductors for general wiring (Article 310), which
C.9 — Rigid PVC Conduit, Schedule 80 698 appear in an order similar to Chapter 9, Table 3A, Table
C.9(A)* — Rigid PVC Conduit, Schedule 80 702

3B, and Table 3C of the NEC prior to the 1996 edition; (2)C.10 — Rigid PVC Conduit, Schedule 40 and HDPE 703
fixture wires (Article 402), in an order similar to the pre-Conduit

C.10(A)* — Rigid PVC Conduit, Schedule 40 and 707 1996 edition Chapter 9, Table 2; and (3) compact stranded
HDPE Conduit conductors (Article 310), in an order similar to the pre-1996
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

edition Chapter 9, Table 5A. In Annex C, tables that use Commentary Table C.3 Types of PVC Conduit
compact stranding are listed as ‘‘A’’ tables.

To select the correct metric designator or trade size Minimum Trade Size
Wiring Method Table Conduit or Tubingconduit or tubing, proceed as follows:

STEP 1. Select the appropriate wiring method from Tables
PVC Schedule 40 Table C.10 1

C.1 through C.12 using the lists of metallic and nonmetallic and HDPE
wiring methods given in Commentary Table C.1 and Com- PVC Type A Table C.11 3⁄4
mentary Table C.2. PVC Schedule 80 Table C.9 1

PVC Type EB Table C.12 Available only in trade
Commentary Table C.1 Metallic Wiring Methods sizes 2 and larger

Type of Wiring Appropriate Table

size conduit will be required for RMC, IMC, PVC Schedule
Electrical metallic tubing Table C.1 40, PVC Schedule 80, and PVC Type EB?
Flexible metal conduit Table C.3
Intermediate metal conduit Table C.4 Solution
Liquidtight flexible metal conduit Table C.7

Annex C lists the minimum trade size for the respectiveRigid metal conduit Table C.8
conduit types needed for the four 600 kcmil aluminum con-
ductors.

Commentary Table C.2 Nonmetallic Wiring Methods
Commentary Table C.4

Type of Wiring Appropriate Table
Minimum Trade Size

Electrical nonmetallic tubing Table C.2 Wiring Method Table Conduit or Tubing
Liquidtight flexible nonmetallic conduit Table C.5

RMC Table C.8A 3(LFNC-B)
IMC Table C.4A 3Liquidtight flexible nonmetallic conduit Table C.6
PVC Schedule 40 Table C.10A 3(LFNC-A)
PVC Schedule 80 Table C.9A 31⁄2Rigid PVC conduit, Schedule 80 Table C.9
PVC Type EB Table C.12A 3Rigid PVC conduit, Schedule 40 and HDPE Table C.10

conduit
Type A, rigid PVC conduit Table C.11
Type EB, PVC conduit Table C.12 Most aluminum building wire in Types THW, THWN/

THHN, and XHHW is compact stranded.
STEP 2. Choose the appropriate conductors (general wiring

Example 3conductors, fixture wires, or compact conductors).
A three-phase, 480 volt, 40 hp motor will be supplied bySTEP 3. Choose the appropriate insulation.
three 4 AWG THW conductors. What size metal conduit or

STEP 4. Select the correct trade size conduit or tubing for
tubing will be required? What size metal flex will be required

the given quantity and size of conductors required.
at the motor termination?

The following examples show how to determine the Solution
correct trade size conduit or tubing. Annex C lists various types of metal conduit and metal flex

as shown in Commentary Table C.5.Example 1

An installation requires ten 10 AWG THWN-2 copper con-
Commentary Table C.5 Types of Metal Conduit and Metal Flexductors in an underground conduit across a parking lot for

exterior lighting. What size PVC conduit will be required?
Trade Size

Wiring Method Table Conduit or TubingSolution

Annex C lists the types of PVC conduit as given in Commen-
EMT Table C.1 1

tary Table C.3. IMC Table C.4 1
RMC Table C.8 1Example 2
FMC Table C.3 1

An underground service lateral requires four 600 kcmil Liquidtight FMC Table C.7 1
XHHW compact-stranded aluminum conductors. What trade

National Electrical Code Handbook 2005 1211

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

-
-
`
`
`
,
,
`
`
,
`
,
,
,
`
,
`
,
`
,
`
,
,
,
,
,
,
`
,
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

ment grounding conductor is not required to be larger than theWhere a wire-type equipment grounding conductor
circuit conductors. This approach may not yield the minimum(likely to be smaller than 4 AWG based on rating or size
conduit or tubing size but will result in a compliant installationof motor circuit short-circuit, ground-fault protective device,
and may facilitate an easier installation if the conduit run isand Table 250.122) is installed in any one of these raceway
particularly long or has a substantial amount of bends.types, there is now a mixture of conductor sizes. For that

reason, the minimum size conduit or tubing has to be calcu-
Example 4lated based on Chapter 9, Table 4, Table 5, and Table 8 if a

A fire alarm system installation requires the riser to containbare equipment grounding conductor is installed. Of course,
twenty-one 16 AWG TFF conductors. If the riser conductorsbased on the Annex C tables, the conduit size could be
are installed in electrical metallic tubing, what is the mini-increased to trade size 11⁄4. The rationale is that because six 4
mum size tubing required?AWG THW conductors can be installed in that size conduit

or tubing, trade size 11⁄4 would be of sufficient size for the
Solutionthree circuit conductors and the wire-type equipment ground-

ing conductor. According to 250.122(A) a wire-type equip- According to Table C.1, trade size 1 EMT is required.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.1 Maximum Number of Conductors or Fixture Wires in Electrical Metallic Tubing
(EMT) (Based on Table 1, Chapter 9)

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG 16 21 27 35 41 53 63 78 91 103

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4)

RHH, RHW, 14 4 7 11 20 27 46 80 120 157 201
RHW-2 12 3 6 9 17 23 38 66 100 131 167

10 2 5 8 13 18 30 53 81 105 135
8 1 2 4 7 9 16 28 42 55 70
6 1 1 3 5 8 13 22 34 44 56
4 1 1 2 4 6 10 17 26 34 44
3 1 1 1 4 5 9 15 23 30 38
2 1 1 1 3 4 7 13 20 26 33
1 0 1 1 1 3 5 9 13 17 22

1/0 0 1 1 1 2 4 7 11 15 19
2/0 0 1 1 1 2 4 6 10 13 17
3/0 0 0 1 1 1 3 5 8 11 14
4/0 0 0 1 1 1 3 5 7 9 12
250 0 0 0 1 1 1 3 5 7 9
300 0 0 0 1 1 1 3 5 6 8
350 0 0 0 1 1 1 3 4 6 7
400 0 0 0 1 1 1 2 4 5 7
500 0 0 0 0 1 1 2 3 4 6
600 0 0 0 0 1 1 1 3 4 5
700 0 0 0 0 0 1 1 2 3 4
750 0 0 0 0 0 1 1 2 3 4
800 0 0 0 0 0 1 1 2 3 4
900 0 0 0 0 0 1 1 1 3 3

1000 0 0 0 0 0 1 1 1 2 3
1250 0 0 0 0 0 0 1 1 1 2
1500 0 0 0 0 0 0 1 1 1 1
1750 0 0 0 0 0 0 1 1 1 1
2000 0 0 0 0 0 0 1 1 1 1

TW 14 8 15 25 43 58 96 168 254 332 424
12 6 11 19 33 45 74 129 195 255 326
10 5 8 14 24 33 55 96 145 190 243

8 2 5 8 13 18 30 53 81 105 135
RHH*, RHW*, 14 6 10 16 28 39 64 112 169 221 282
RHW-2*,
THHW, THW,
THW-2
RHH*, RHW*, 12 4 8 13 23 31 51 90 136 177 227
RHW-2*, 10 3 6 10 18 24 40 70 106 138 177
THHW, THW
RHH*, RHW*, 8 1 4 6 10 14 24 42 63 83 106
RHW-2*,
THHW, THW,
THW-2

(Continues)
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.1 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG 16 21 27 35 41 53 63 78 91 103

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4)

RHH*, RHW*, 6 1 3 4 8 11 18 32 48 63 81
RHW-2*, TW, 4 1 1 3 6 8 13 24 36 47 60
THW, THHW, 3 1 1 3 5 7 12 20 31 40 52
THW-2 2 1 1 2 4 6 10 17 26 34 44

1 1 1 1 3 4 7 12 18 24 31
1/0 0 1 1 2 3 6 10 16 20 26
2/0 0 1 1 1 3 5 9 13 17 22
3/0 0 1 1 1 2 4 7 11 15 19
4/0 0 0 1 1 1 3 6 9 12 16
250 0 0 1 1 1 3 5 7 10 13
300 0 0 1 1 1 2 4 6 8 11
350 0 0 0 1 1 1 4 6 7 10
400 0 0 0 1 1 1 3 5 7 9
500 0 0 0 1 1 1 3 4 6 7
600 0 0 0 1 1 1 2 3 4 6
700 0 0 0 0 1 1 1 3 4 5
750 0 0 0 0 1 1 1 3 4 5
800 0 0 0 0 1 1 1 3 3 5
900 0 0 0 0 0 1 1 2 3 4

1000 0 0 0 0 0 1 1 2 3 4
1250 0 0 0 0 0 1 1 1 2 3
1500 0 0 0 0 0 1 1 1 1 2
1750 0 0 0 0 0 0 1 1 1 2
2000 0 0 0 0 0 0 1 1 1 1

THHN, 14 12 22 35 61 84 138 241 364 476 608
THWN, 12 9 16 26 45 61 101 176 266 347 443
THWN-2 10 5 10 16 28 38 63 111 167 219 279

8 3 6 9 16 22 36 64 96 126 161
6 2 4 7 12 16 26 46 69 91 116
4 1 2 4 7 10 16 28 43 56 71
3 1 1 3 6 8 13 24 36 47 60
2 1 1 3 5 7 11 20 30 40 51
1 1 1 1 4 5 8 15 22 29 37

1/0 1 1 1 3 4 7 12 19 25 32
2/0 0 1 1 2 3 6 10 16 20 26
3/0 0 1 1 1 3 5 8 13 17 22
4/0 0 1 1 1 2 4 7 11 14 18
250 0 0 1 1 1 3 6 9 11 15
300 0 0 1 1 1 3 5 7 10 13
350 0 0 1 1 1 2 4 6 9 11
400 0 0 0 1 1 1 4 6 8 10
500 0 0 0 1 1 1 3 5 6 8
600 0 0 0 1 1 1 2 4 5 7
700 0 0 0 1 1 1 2 3 4 6
750 0 0 0 0 1 1 1 3 4 5
800 0 0 0 0 1 1 1 3 4 5
900 0 0 0 0 1 1 1 3 3 4

1000 0 0 0 0 1 1 1 2 3 4
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.1 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG 16 21 27 35 41 53 63 78 91 103

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4)

FEP, FEPB, 14 12 21 34 60 81 134 234 354 462 590
PFA, PFAH, 12 9 15 25 43 59 98 171 258 337 430
TFE 10 6 11 18 31 42 70 122 185 241 309

8 3 6 10 18 24 40 70 106 138 177
6 2 4 7 12 17 28 50 75 98 126
4 1 3 5 9 12 20 35 53 69 88
3 1 2 4 7 10 16 29 44 57 73
2 1 1 3 6 8 13 24 36 47 60

PFA, PFAH, 1 1 1 2 4 6 9 16 25 33 42
TFE
PFAH, TFE 1/0 1 1 1 3 5 8 14 21 27 35
PFA, PFAH, 2/0 0 1 1 3 4 6 11 17 22 29
TFE, Z 3/0 0 1 1 2 3 5 9 14 18 24

4/0 0 1 1 1 2 4 8 11 15 19
Z 14 14 25 41 72 98 161 282 426 556 711

12 10 18 29 51 69 114 200 302 394 504
10 6 11 18 31 42 70 122 185 241 309
8 4 7 11 20 27 44 77 117 153 195
6 3 5 8 14 19 31 54 82 107 137
4 1 3 5 9 13 21 37 56 74 94
3 1 2 4 7 9 15 27 41 54 69
2 1 1 3 6 8 13 22 34 45 57
1 1 1 2 4 6 10 18 28 36 46

XHH, 14 8 15 25 43 58 96 168 254 332 424
XHHW, 12 6 11 19 33 45 74 129 195 255 326
XHHW-2, 10 5 8 14 24 33 55 96 145 190 243
ZW 8 2 5 8 13 18 30 53 81 105 135

6 1 3 6 10 14 22 39 60 78 100
4 1 2 4 7 10 16 28 43 56 72
3 1 1 3 6 8 14 24 36 48 61
2 1 1 3 5 7 11 20 31 40 51

XHH, 1 1 1 1 4 5 8 15 23 30 38
XHHW, 1/0 1 1 1 3 4 7 13 19 25 32
XHHW-2 2/0 0 1 1 2 3 6 10 16 21 27

3/0 0 1 1 1 3 5 9 13 17 22
4/0 0 1 1 1 2 4 7 11 14 18
250 0 0 1 1 1 3 6 9 12 15
300 0 0 1 1 1 3 5 8 10 13
350 0 0 1 1 1 2 4 7 9 11
400 0 0 0 1 1 1 4 6 8 10
500 0 0 0 1 1 1 3 5 6 8
600 0 0 0 1 1 1 2 4 5 6
700 0 0 0 0 1 1 2 3 4 6
750 0 0 0 0 1 1 1 3 4 5
800 0 0 0 0 1 1 1 3 4 5
900 0 0 0 0 1 1 1 3 3 4

1000 0 0 0 0 0 1 1 2 3 4
1250 0 0 0 0 0 1 1 1 2 3
1500 0 0 0 0 0 1 1 1 1 3
1750 0 0 0 0 0 0 1 1 1 2
2000 0 0 0 0 0 0 1 1 1 1

(Continues)
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.1 Continued

FIXTURE WIRES

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2)

FFH-2, RFH-2, 18 8 14 24 41 56 92
RFHH-3 16 7 12 20 34 47 78
SF-2, SFF-2 18 10 18 30 52 71 116

16 8 15 25 43 58 96
14 7 12 20 34 47 78

SF-1, SFF-1 18 18 33 53 92 125 206
RFH-1, RFHH-2, 18 14 24 39 68 92 152
TF, TFF, XF, XFF
RFHH-2, TF, TFF, 16 11 19 31 55 74 123
XF, XFF
XF, XFF 14 8 15 25 43 58 96
TFN, TFFN 18 22 38 63 108 148 244

16 17 29 48 83 113 186
PF, PFF, PGF, 18 21 36 59 103 140 231
PGFF, PAF, PTF, 16 16 28 46 79 108 179
PTFF, PAFF 14 12 21 34 60 81 134
ZF, ZFF, ZHF, HF, 18 27 47 77 133 181 298
HFF 16 20 35 56 98 133 220

14 14 25 41 72 98 161
KF-2, KFF-2 18 39 69 111 193 262 433

16 27 48 78 136 185 305
14 19 33 54 93 127 209
12 13 23 37 64 87 144
10 8 15 25 43 58 96

KF-1, KFF-1 18 46 82 133 230 313 516
16 33 57 93 161 220 362
14 22 38 63 108 148 244
12 14 25 41 72 98 161
10 9 16 27 47 64 105

XF, XFF 12 4 8 13 23 31 51
10 3 6 10 18 24 40

Notes:
1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.1(A)
should be used.
2. Two-hour fire-rated RHH cable has ceramifiable insulation which has much larger diameters than
other RHH wires. Consult manufacturer’s conduit fill tables.
*Types RHH, RHW, and RHW-2 without outer covering.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.1(A) Maximum Number of Compact Conductors in Electrical Metallic Tubing
(EMT) (Based on Table 1, Chapter 9)

COMPACT CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4)

THW, 8 2 4 6 11 16 26 46 69 90 115
THW-2, 6 1 3 5 9 12 20 35 53 70 89
THHW 4 1 2 4 6 9 15 26 40 52 67

2 1 1 3 5 7 11 19 29 38 49
1 1 1 1 3 4 8 13 21 27 34

1/0 1 1 1 3 4 7 12 18 23 30
2/0 0 1 1 2 3 5 10 15 20 25
3/0 0 1 1 1 3 5 8 13 17 21
4/0 0 1 1 1 2 4 7 11 14 18
250 0 0 1 1 1 3 5 8 11 14
300 0 0 1 1 1 3 5 7 9 12
350 0 0 1 1 1 2 4 6 8 11
400 0 0 0 1 1 1 4 6 8 10
500 0 0 0 1 1 1 3 5 6 8
600 0 0 0 1 1 1 2 4 5 7
700 0 0 0 1 1 1 2 3 4 6
750 0 0 0 0 1 1 1 3 4 5
900 0 0 0 0 1 1 2 3 4 5

1000 0 0 0 0 1 1 1 2 3 4
THHN, 8 — — — — — — — — — —
THWN, 6 2 4 7 13 18 29 52 78 102 130
THWN-2 4 1 3 4 8 11 18 32 48 63 81

2 1 1 3 6 8 13 23 34 45 58
1 1 1 2 4 6 10 17 26 34 43

1/0 1 1 1 3 5 8 14 22 29 37
2/0 1 1 1 3 4 7 12 18 24 30
3/0 0 1 1 2 3 6 10 15 20 25
4/0 0 1 1 1 3 5 8 12 16 21
250 0 1 1 1 1 4 6 10 13 16
300 0 0 1 1 1 3 5 8 11 14
350 0 0 1 1 1 3 5 7 10 12
400 0 0 1 1 1 2 4 6 9 11
500 0 0 0 1 1 1 4 5 7 9
600 0 0 0 1 1 1 3 4 6 7
700 0 0 0 1 1 1 2 4 5 7
750 0 0 0 1 1 1 2 4 5 6
900 0 0 0 0 1 1 2 3 4 5

1000 0 0 0 0 1 1 1 3 3 4
XHHW, 8 3 5 8 15 20 34 59 90 117 149
XHHW-2 6 1 4 6 11 15 25 44 66 87 111

4 1 3 4 8 11 18 32 48 63 81
2 1 1 3 6 8 13 23 34 45 58
1 1 1 2 4 6 10 17 26 34 43

1/0 1 1 1 3 5 8 14 22 29 37
2/0 1 1 1 3 4 7 12 18 24 31
3/0 0 1 1 2 3 6 10 15 20 25
4/0 0 1 1 1 3 5 8 13 17 21
250 0 1 1 1 2 4 7 10 13 17
300 0 0 1 1 1 3 6 9 11 14
350 0 0 1 1 1 3 5 8 10 13
400 0 0 1 1 1 2 4 7 9 11
500 0 0 0 1 1 1 4 6 7 9
600 0 0 0 1 1 1 3 4 6 8
700 0 0 0 1 1 1 2 4 5 7
750 0 0 0 1 1 1 2 3 5 6
900 0 0 0 0 1 1 2 3 4 5

1000 0 0 0 0 1 1 1 3 4 5

Definition: Compact stranding is the result of a manufacturing process where the standard conductor
is compressed to the extent that the interstices (voids between strand wires) are virtually eliminated.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.2 Maximum Number of Conductors or Fixture Wires in Electrical Nonmetallic
Tubing (ENT) (Based on Table 1, Chapter 9)

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2)

RHH, RHW, 14 3 6 10 19 26 43
RHW-2 12 2 5 9 16 22 36

10 1 4 7 13 17 29
8 1 1 3 6 9 15
6 1 1 3 5 7 12
4 1 1 2 4 6 9
3 1 1 1 3 5 8
2 0 1 1 3 4 7
1 0 1 1 1 3 5

1/0 0 0 1 1 2 4
2/0 0 0 1 1 1 3
3/0 0 0 1 1 1 3
4/0 0 0 1 1 1 2
250 0 0 0 1 1 1
300 0 0 0 1 1 1
350 0 0 0 1 1 1
400 0 0 0 1 1 1
500 0 0 0 0 1 1
600 0 0 0 0 1 1
700 0 0 0 0 0 1
750 0 0 0 0 0 1
800 0 0 0 0 0 1
900 0 0 0 0 0 1

1000 0 0 0 0 0 1
1250 0 0 0 0 0 0
1500 0 0 0 0 0 0
1750 0 0 0 0 0 0
2000 0 0 0 0 0 0

TW 14 7 13 22 40 55 92
12 5 10 17 31 42 71
10 4 7 13 23 32 52

8 1 4 7 13 17 29
RHH*, RHW*, 14 4 8 15 27 37 61
RHW-2*, THHW,
THW, THW-2
RHH*, RHW*, 12 3 7 12 21 29 49
RHW-2*, THHW, 10 3 5 9 17 23 38
THW
RHH*, RHW*, 8 1 3 5 10 14 23
RHW-2*, THHW,
THW, THW-2
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.2 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2)

RHH*, RHW*, 6 1 2 4 7 10 17
RHW-2*, TW, 4 1 1 3 5 8 13
THW, THHW, 3 1 1 2 5 7 11
THW-2 2 1 1 2 4 6 9

1 0 1 1 3 4 6
1/0 0 1 1 2 3 5
2/0 0 1 1 1 3 5
3/0 0 0 1 1 2 4
4/0 0 0 1 1 1 3
250 0 0 1 1 1 2
300 0 0 0 1 1 2
350 0 0 0 1 1 1
400 0 0 0 1 1 1
500 0 0 0 1 1 1
600 0 0 0 0 1 1
700 0 0 0 0 1 1
750 0 0 0 0 1 1
800 0 0 0 0 1 1
900 0 0 0 0 0 1

1000 0 0 0 0 0 1
1250 0 0 0 0 0 1
1500 0 0 0 0 0 0
1750 0 0 0 0 0 0
2000 0 0 0 0 0 0

THHN, THWN, 14 10 18 32 58 80 132
THWN-2 12 7 13 23 42 58 96

10 4 8 15 26 36 60
8 2 5 8 15 21 35
6 1 3 6 11 15 25
4 1 1 4 7 9 15
3 1 1 3 5 8 13
2 1 1 2 5 6 11
1 1 1 1 3 5 8

1/0 0 1 1 3 4 7
2/0 0 1 1 2 3 5
3/0 0 1 1 1 3 4
4/0 0 0 1 1 2 4
250 0 0 1 1 1 3
300 0 0 1 1 1 2
350 0 0 0 1 1 2
400 0 0 0 1 1 1
500 0 0 0 1 1 1
600 0 0 0 1 1 1
700 0 0 0 0 1 1
750 0 0 0 0 1 1
800 0 0 0 0 1 1
900 0 0 0 0 1 1

1000 0 0 0 0 0 1

(Continues)
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.2 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2)

FEP, FEPB, PFA, 14 10 18 31 56 77 128
PFAH, TFE 12 7 13 23 41 56 93

10 5 9 16 29 40 67
8 3 5 9 17 23 38
6 1 4 6 12 16 27
4 1 2 4 8 11 19
3 1 1 4 7 9 16
2 1 1 3 5 8 13

PFA, PFAH, TFE 1 1 1 1 4 5 9
PFA, PFAH, TFE, 1/0 0 1 1 3 4 7
Z 2/0 0 1 1 2 4 6

3/0 0 1 1 1 3 5
4/0 0 1 1 1 2 4

Z 14 12 22 38 68 93 154
12 8 15 27 48 66 109
10 5 9 16 29 40 67
8 3 6 10 18 25 42
6 1 4 7 13 18 30
4 1 3 5 9 12 20
3 1 1 3 6 9 15
2 1 1 3 5 7 12
1 1 1 2 4 6 10

XHH, XHHW, 14 7 13 22 40 55 92
XHHW-2, ZW 12 5 10 17 31 42 71

10 4 7 13 23 32 52
8 1 4 7 13 17 29
6 1 3 5 9 13 21
4 1 1 4 7 9 15
3 1 1 3 6 8 13
2 1 1 2 5 6 11

XHH, XHHW, 1 1 1 1 3 5 8
XHHW-2 1/0 0 1 1 3 4 7

2/0 0 1 1 2 3 6
3/0 0 1 1 1 3 5
4/0 0 0 1 1 2 4
250 0 0 1 1 1 3
300 0 0 1 1 1 3
350 0 0 1 1 1 2
400 0 0 0 1 1 1
500 0 0 0 1 1 1
600 0 0 0 1 1 1
700 0 0 0 0 1 1
750 0 0 0 0 1 1
800 0 0 0 0 1 1
900 0 0 0 0 1 1

1000 0 0 0 0 0 1
1250 0 0 0 0 0 1
1500 0 0 0 0 0 1
1750 0 0 0 0 0 0
2000 0 0 0 0 0 0
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.2 Continued

FIXTURE WIRES

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2)

FFH-2, RFH-2, 18 6 12 21 39 53 88
RFHH-3 SF-2, 16 5 10 18 32 45 74
SFF-2 18 8 15 27 49 67 111

16 7 13 22 40 55 92
14 5 10 18 32 45 74

SF-1, SFF-1 18 15 28 48 86 119 197
RFH-1, RFHH-2, 18 11 20 35 64 88 145
TF, TFF, XF, XFF
RFHH-2, TF, TFF, 16 9 16 29 51 71 117
XF, XFF
XF, XFF 14 7 13 22 40 55 92
TFN, TFFN 18 18 33 57 102 141 233

16 13 25 43 78 107 178
PF, PFF, PGF, 18 17 31 54 97 133 221
PGFF, PAF, PTF, 16 13 24 42 75 103 171
PTFF, PAFF 14 10 18 31 56 77 128
ZF, ZFF, ZHF, HF, 18 22 40 70 125 172 285
HFF 16 16 29 51 92 127 210

14 12 22 38 68 93 154
KF-2, KFF-2 18 31 58 101 182 250 413

16 22 41 71 128 176 291
14 15 28 49 88 121 200
12 10 19 33 60 83 138
10 7 13 22 40 55 92

KF-1, KFF-1 18 38 69 121 217 298 493
16 26 49 85 152 209 346
14 18 33 57 102 141 233
12 12 22 38 68 93 154
10 7 14 24 44 61 101

XF, XFF 12 3 7 12 21 29 49
10 3 5 9 17 23 38

Notes:
1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.2(A)
should be used.
2. Two-hour fire-rated RHH cable has ceramifiable insulation which has much larger diameters than
other RHH wires.
Consult manufacturer’s conduit fill tables.
*Types RHH, RHW, and RHW-2 without outer covering.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.2(A) Maximum Number of Compact Conductors in Electrical Nonmetallic Tubing
(ENT) (Based on Table 1, Chapter 9)

COMPACT CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2)

THW, THW-2, 8 1 3 6 11 15 25
THHW 6 1 2 4 8 11 19

4 1 1 3 6 8 14
2 1 1 2 4 6 10
1 0 1 1 3 4 7

1/0 0 1 1 3 4 6
2/0 0 1 1 2 3 5
3/0 0 1 1 1 3 4
4/0 0 0 1 1 2 4
250 0 0 1 1 1 3
300 0 0 1 1 1 2
350 0 0 0 1 1 2
400 0 0 0 1 1 1
500 0 0 0 1 1 1
600 0 0 0 1 1 1
700 0 0 0 0 1 1
750 0 0 0 0 1 1
900 0 0 0 0 1 1

1000 0 0 0 0 0 1
THHN, THWN, 8 — — — — — —
THWN-2 6 1 4 7 12 17 28

4 1 2 4 7 10 17
2 1 1 3 5 7 12
1 1 1 2 4 5 9

1/0 1 1 1 3 5 8
2/0 0 1 1 3 4 6
3/0 0 1 1 2 3 5
4/0 0 1 1 1 2 4
250 0 0 1 1 1 3
300 0 0 1 1 1 3
350 0 0 1 1 1 2
400 0 0 0 1 1 2
500 0 0 0 1 1 1
600 0 0 0 1 1 1
700 0 0 0 1 1 1
750 0 0 0 1 1 1
900 0 0 0 0 1 1

1000 0 0 0 0 1 1
XHHW, XHHW-2 8 2 4 8 14 19 32

6 1 3 6 10 14 24
4 1 2 4 7 10 17
2 1 1 3 5 7 12
1 1 1 2 4 5 9

1/0 1 1 1 3 5 8
2/0 0 1 1 3 4 7
3/0 0 1 1 2 3 5
4/0 0 1 1 1 3 4
250 0 0 1 1 1 3
300 0 0 1 1 1 3
350 0 0 1 1 1 3
400 0 0 1 1 1 2
500 0 0 0 1 1 1
600 0 0 0 1 1 1
700 0 0 0 1 1 1
750 0 0 0 1 1 1
900 0 0 0 0 1 1

1000 0 0 0 0 1 1

Definition: Compact stranding is the result of a manufacturing process where the standard conductor
is compressed to the extent that the interstices (voids between strand wires) are virtually eliminated.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.3 Maximum Number of Conductors or Fixture Wires in Flexible Metal Conduit
(FMC) (Based on Table 1, Chapter 9)

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4)

RHH, RHW, 14 4 7 11 17 25 44 67 96 131 171
RHW-2 12 3 6 9 14 21 37 55 80 109 142

10 3 5 7 11 17 30 45 64 88 115
8 1 2 4 6 9 15 23 34 46 60
6 1 1 3 5 7 12 19 27 37 48
4 1 1 2 4 5 10 14 21 29 37
3 1 1 1 3 5 8 13 18 25 33
2 1 1 1 3 4 7 11 16 22 28
1 0 1 1 1 2 5 7 10 14 19

1/0 0 1 1 1 2 4 6 9 12 16
2/0 0 1 1 1 1 3 5 8 11 14
3/0 0 0 1 1 1 3 5 7 9 12
4/0 0 0 1 1 1 2 4 6 8 10
250 0 0 0 1 1 1 3 4 6 8
300 0 0 0 1 1 1 2 4 5 7
350 0 0 0 1 1 1 2 3 5 6
400 0 0 0 0 1 1 1 3 4 6
500 0 0 0 0 1 1 1 3 4 5
600 0 0 0 0 1 1 1 2 3 4
700 0 0 0 0 0 1 1 1 3 3
750 0 0 0 0 0 1 1 1 2 3
800 0 0 0 0 0 1 1 1 2 3
900 0 0 0 0 0 1 1 1 2 3

1000 0 0 0 0 0 1 1 1 1 3
1250 0 0 0 0 0 0 1 1 1 1
1500 0 0 0 0 0 0 1 1 1 1
1750 0 0 0 0 0 0 1 1 1 1
2000 0 0 0 0 0 0 0 1 1 1

TW 14 9 15 23 36 53 94 141 203 277 361
12 7 11 18 28 41 72 108 156 212 277
10 5 8 13 21 30 54 81 116 158 207

8 3 5 7 11 17 30 45 64 88 115
RHH*, 14 6 10 15 24 35 62 94 135 184 240
RHW*,
RHW-2*,
THHW,
THW,
THW-2
RHH*, 12 5 8 12 19 28 50 75 108 148 193
RHW*,
RHW-2*, 10 4 6 10 15 22 39 59 85 115 151
THHW, THW
RHH*, 8 1 4 6 9 13 23 35 51 69 90
RHW*,
RHW-2*,
THHW,
THW,
THW-2

(Continues)
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.3 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4)

RHH*, 6 1 3 4 7 10 18 27 39 53 69
RHW*, 4 1 1 3 5 7 13 20 29 39 51
RHW-2*, TW, 3 1 1 3 4 6 11 17 25 34 44
THW, THHW, 2 1 1 2 4 5 10 14 21 29 37
THW-2 1 1 1 1 2 4 7 10 15 20 26

1/0 0 1 1 1 3 6 9 12 17 22
2/0 0 1 1 1 3 5 7 10 14 19
3/0 0 1 1 1 2 4 6 9 12 16
4/0 0 0 1 1 1 3 5 7 10 13
250 0 0 1 1 1 3 4 6 8 11
300 0 0 1 1 1 2 3 5 7 9
350 0 0 0 1 1 1 3 4 6 8
400 0 0 0 1 1 1 3 4 6 7
500 0 0 0 1 1 1 2 3 5 6
600 0 0 0 0 1 1 1 3 4 5
700 0 0 0 0 1 1 1 2 3 4
750 0 0 0 0 1 1 1 2 3 4
800 0 0 0 0 1 1 1 1 3 4
900 0 0 0 0 0 1 1 1 3 3

1000 0 0 0 0 0 1 1 1 2 3
1250 0 0 0 0 0 1 1 1 1 2
1500 0 0 0 0 0 0 1 1 1 1
1750 0 0 0 0 0 0 1 1 1 1
2000 0 0 0 0 0 0 1 1 1 1

THHN, 14 13 22 33 52 76 134 202 291 396 518
THWN, 12 9 16 24 38 56 98 147 212 289 378
THWN-2 10 6 10 15 24 35 62 93 134 182 238

8 3 6 9 14 20 35 53 77 105 137
6 2 4 6 10 14 25 38 55 76 99
4 1 2 4 6 9 16 24 34 46 61
3 1 1 3 5 7 13 20 29 39 51
2 1 1 3 4 6 11 17 24 33 43
1 1 1 1 3 4 8 12 18 24 32

1/0 1 1 1 2 4 7 10 15 20 27
2/0 0 1 1 1 3 6 9 12 17 22
3/0 0 1 1 1 2 5 7 10 14 18
4/0 0 1 1 1 1 4 6 8 12 15
250 0 0 1 1 1 3 5 7 9 12
300 0 0 1 1 1 3 4 6 8 11
350 0 0 1 1 1 2 3 5 7 9
400 0 0 0 1 1 1 3 5 6 8
500 0 0 0 1 1 1 2 4 5 7
600 0 0 0 0 1 1 1 3 4 5
700 0 0 0 0 1 1 1 3 4 5
750 0 0 0 0 1 1 1 2 3 4
800 0 0 0 0 1 1 1 2 3 4
900 0 0 0 0 0 1 1 1 3 4

1000 0 0 0 0 0 1 1 1 3 3
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.3 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4)

FEP, FEPB, 14 12 21 32 51 74 130 196 282 385 502
PFA, PFAH, 12 9 15 24 37 54 95 143 206 281 367
TFE 10 6 11 17 26 39 68 103 148 201 263

8 4 6 10 15 22 39 59 85 115 151
6 2 4 7 11 16 28 42 60 82 107
4 1 3 5 7 11 19 29 42 57 75
3 1 2 4 6 9 16 24 35 48 62
2 1 1 3 5 7 13 20 29 39 51

PFA, PFAH, 1 1 1 2 3 5 9 14 20 27 36
TFE
PFA, PFAH, 1/0 1 1 1 3 4 8 11 17 23 30
TFE, Z 2/0 1 1 1 2 3 6 9 14 19 24

3/0 0 1 1 1 3 5 8 11 15 20
4/0 0 1 1 1 2 4 6 9 13 16

Z 14 15 25 39 61 89 157 236 340 463 605
12 11 18 28 43 63 111 168 241 329 429
10 6 11 17 26 39 68 103 148 201 263
8 4 7 11 17 24 43 65 93 127 166
6 3 5 7 12 17 30 45 65 89 117
4 1 3 5 8 12 21 31 45 61 80
3 1 2 4 6 8 15 23 33 45 58
2 1 1 3 5 7 12 19 27 37 49
1 1 1 2 4 6 10 15 22 30 39

XHH, 14 9 15 23 36 53 94 141 203 277 361
XHHW, 12 7 11 18 28 41 72 108 156 212 277
XHHW-2, 10 5 8 13 21 30 54 81 116 158 207
ZW 8 3 5 7 11 17 30 45 64 88 115

6 1 3 5 8 12 22 33 48 65 85
4 1 2 4 6 9 16 24 34 47 61
3 1 1 3 5 7 13 20 29 40 52
2 1 1 3 4 6 11 17 24 33 44

XHH, 1 1 1 1 3 5 8 13 18 25 32
XHHW, 1/0 1 1 1 2 4 7 10 15 21 27
XHHW-2 2/0 0 1 1 2 3 6 9 13 17 23

3/0 0 1 1 1 3 5 7 10 14 19
4/0 0 1 1 1 2 4 6 9 12 15
250 0 0 1 1 1 3 5 7 10 13
300 0 0 1 1 1 3 4 6 8 11
350 0 0 1 1 1 2 4 5 7 9
400 0 0 0 1 1 1 3 5 6 8
500 0 0 0 1 1 1 3 4 5 7
600 0 0 0 0 1 1 1 3 4 5
700 0 0 0 0 1 1 1 3 4 5
750 0 0 0 0 1 1 1 2 3 4
800 0 0 0 0 1 1 1 2 3 4
900 0 0 0 0 0 1 1 1 3 4

1000 0 0 0 0 0 1 1 1 3 3
1250 0 0 0 0 0 1 1 1 1 3
1500 0 0 0 0 0 1 1 1 1 2
1750 0 0 0 0 0 0 1 1 1 1
2000 0 0 0 0 0 0 1 1 1 1

(Continues)
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.3 Continued

FIXTURE WIRES

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2)

FFH-2, RFH-2, 18 8 14 22 35 51 90
RFHH-3 16 7 12 19 29 43 76
SF-2, SFF-2 18 11 18 28 44 64 113

16 9 15 23 36 53 94
14 7 12 19 29 43 76

SF-1, SFF-1 18 19 32 50 78 114 201
RFH-1, RFHH-2, 18 14 24 37 58 84 148
TF, TFF, XF, XFF
RFHH-2, TF, TFF, 16 11 19 30 47 68 120
XF, XFF
XF, XFF 14 9 15 23 36 53 94
TFN, TFFN 18 23 38 59 93 135 237

16 17 29 45 71 103 181
PF, PFF, PGF, 18 22 36 56 88 128 225
PGFF, PAF, PTF, 16 17 28 43 68 99 174
PTFF, PAFF 14 12 21 32 51 74 130
ZF, ZFF, ZHF, HF, 18 28 47 72 113 165 290
HFF 16 20 35 53 83 121 214

14 15 25 39 61 89 157
KF-2, KFF-2 18 41 68 105 164 239 421

16 28 48 74 116 168 297
14 19 33 51 80 116 204
12 13 23 35 55 80 140
10 9 15 23 36 53 94

KF-1, KFF-1 18 48 82 125 196 285 503
16 34 57 88 138 200 353
14 23 38 59 93 135 237
12 15 25 39 61 89 157
10 10 16 25 40 58 103

XF, XFF 12 5 8 12 19 28 50
10 4 6 10 15 22 39

Notes:
1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.3(A)
should be used.
2. Two-hour fire-rated RHH cable has ceramifiable insulation which has much larger diameters than
other RHH wires.
Consult manufacturer’s conduit fill tables.
*Types RHH, RHW, and RHW-2 without outer covering.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.3(A) Maximum Number of Compact Conductors in Flexible Metal Conduit (FMC)
(Based on Table 1, Chapter 9)

COMPACT CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4)

THW, THHW, 8 2 4 6 10 14 25 38 55 75 98
THW-2 6 1 3 5 7 11 20 29 43 58 76

4 1 2 3 5 8 15 22 32 43 57
2 1 1 2 4 6 11 16 23 32 42
1 1 1 1 3 4 7 11 16 22 29

1/0 1 1 1 2 3 6 10 14 19 25
2/0 0 1 1 1 3 5 8 12 16 21
3/0 0 1 1 1 2 4 7 10 14 18
4/0 0 1 1 1 1 4 6 8 11 15
250 0 0 1 1 1 3 4 7 9 12
300 0 0 1 1 1 2 4 6 8 10
350 0 0 1 1 1 2 3 5 7 9
400 0 0 0 1 1 1 3 5 6 8
500 0 0 0 1 1 1 3 4 5 7
600 0 0 0 0 1 1 1 3 4 6
700 0 0 0 0 1 1 1 3 4 5
750 0 0 0 0 1 1 1 2 3 5
900 0 0 0 0 1 1 1 2 3 4

1000 0 0 0 0 0 1 1 1 3 4
THHN, 8 — — — — — — — — — —
THWN, 6 3 4 7 11 16 29 43 62 85 111
THWN-2 4 1 3 4 7 10 18 27 38 52 69

2 1 1 3 5 7 13 19 28 38 49
1 1 1 2 3 5 9 14 21 28 37

1/0 1 1 1 3 4 8 12 17 24 31
2/0 1 1 1 2 4 6 10 14 20 26
3/0 0 1 1 1 3 5 8 12 17 22
4/0 0 1 1 1 2 4 7 10 14 18
250 0 1 1 1 1 3 5 8 11 14
300 0 0 1 1 1 3 5 7 9 12
350 0 0 1 1 1 3 4 6 8 10
400 0 0 1 1 1 2 3 5 7 9
500 0 0 0 1 1 1 3 4 6 8
600 0 0 0 1 1 1 2 3 5 6
700 0 0 0 0 1 1 1 3 4 6
750 0 0 0 0 1 1 1 3 4 5
900 0 0 0 0 1 1 1 2 3 4

1000 0 0 0 0 0 1 1 1 3 4
XHHW, 8 3 5 8 13 19 33 50 71 97 127
XHHW-2 6 2 4 6 9 14 24 37 53 72 95

4 1 3 4 7 10 18 27 38 52 69
2 1 1 3 5 7 13 19 28 38 49
1 1 1 2 3 5 9 14 21 28 37

1/0 1 1 1 3 4 8 12 17 24 31
2/0 1 1 1 2 4 7 10 15 20 26
3/0 0 1 1 1 3 5 8 12 17 22
4/0 0 1 1 1 2 4 7 10 14 18
250 0 1 1 1 1 4 5 8 11 14
300 0 0 1 1 1 3 5 7 9 12
350 0 0 1 1 1 3 4 6 8 11
400 0 0 1 1 1 2 4 5 7 10
500 0 0 0 1 1 1 3 4 6 8
600 0 0 0 1 1 1 2 3 5 6
700 0 0 0 0 1 1 1 3 4 6
750 0 0 0 0 1 1 1 3 4 5
900 0 0 0 0 1 1 2 2 3 4

1000 0 0 0 0 1 1 1 2 3 4

Definition: Compact stranding is the result of a manufacturing process where the standard conductor
is compressed to the extent that the interstices (voids between strand wires) are virtually eliminated.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.4 Maximum Number of Conductors or Fixture Wires in Intermediate Metal
Conduit (IMC) (Based on Table 1, Chapter 9)

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4)

RHH, RHW, 14 4 8 13 22 30 49 70 108 144 186
RHW-2 12 4 6 11 18 25 41 58 89 120 154
RHH, RHW, 10 3 5 8 15 20 33 47 72 97 124
RHW-2 8 1 3 4 8 10 17 24 38 50 65

6 1 1 3 6 8 14 19 30 40 52
4 1 1 3 5 6 11 15 23 31 41
3 1 1 2 4 6 9 13 21 28 36
2 1 1 1 3 5 8 11 18 24 31
1 0 1 1 2 3 5 7 12 16 20

1/0 0 1 1 1 3 4 6 10 14 18
2/0 0 1 1 1 2 4 6 9 12 15
3/0 0 0 1 1 1 3 5 7 10 13
4/0 0 0 1 1 1 3 4 6 9 11
250 0 0 1 1 1 1 3 5 6 8
300 0 0 0 1 1 1 3 4 6 7
350 0 0 0 1 1 1 2 4 5 7
400 0 0 0 1 1 1 2 3 5 6
500 0 0 0 1 1 1 1 3 4 5
600 0 0 0 0 1 1 1 2 3 4
700 0 0 0 0 1 1 1 2 3 4
750 0 0 0 0 1 1 1 1 3 4
800 0 0 0 0 0 1 1 1 3 3
900 0 0 0 0 0 1 1 1 2 3

1000 0 0 0 0 0 1 1 1 2 3
1250 0 0 0 0 0 1 1 1 1 2
1500 0 0 0 0 0 0 1 1 1 1
1750 0 0 0 0 0 0 1 1 1 1
2000 0 0 0 0 0 0 1 1 1 1

TW 14 10 17 27 47 64 104 147 228 304 392
12 7 13 21 36 49 80 113 175 234 301
10 5 9 15 27 36 59 84 130 174 224

8 3 5 8 15 20 33 47 72 97 124
RHH*, RHW*, 14 6 11 18 31 42 69 98 151 202 261
RHW-2*,
THHW, THW,
THW-2
RHH*, RHW*, 12 5 9 14 25 34 56 79 122 163 209
RHW-2*, 10 4 7 11 19 26 43 61 95 127 163
THHW, THW
RHH*, RHW*, 8 2 4 7 12 16 26 37 57 76 98
RHW-2*,
THHW, THW,
THW-2
RHH*, RHW*, 6 1 3 5 9 12 20 28 43 58 75
RHW-2*, TW, 4 1 2 4 6 9 15 21 32 43 56
THHW, THW,
THW-2
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.4 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4)

RHH*, RHW*, 3 1 1 3 6 8 13 18 28 37 48
RHW-2*, TW, 2 1 1 3 5 6 11 15 23 31 41
THW, THHW, 1 1 1 1 3 4 7 11 16 22 28
THW-2 1/0 1 1 1 3 4 6 9 14 19 24

2/0 0 1 1 2 3 5 8 12 16 20
3/0 0 1 1 1 3 4 6 10 13 17
4/0 0 1 1 1 2 4 5 8 11 14
250 0 0 1 1 1 3 4 7 9 12
300 0 0 1 1 1 2 4 6 8 10
350 0 0 1 1 1 2 3 5 7 9
400 0 0 0 1 1 1 3 4 6 8
500 0 0 0 1 1 1 2 4 5 7
600 0 0 0 1 1 1 1 3 4 5
700 0 0 0 0 1 1 1 3 4 5
750 0 0 0 0 1 1 1 2 3 4
800 0 0 0 0 1 1 1 2 3 4
900 0 0 0 0 1 1 1 2 3 4

1000 0 0 0 0 0 1 1 1 3 3
1250 0 0 0 0 0 1 1 1 1 3
1500 0 0 0 0 0 1 1 1 1 2
1750 0 0 0 0 0 0 1 1 1 1
2000 0 0 0 0 0 0 1 1 1 1

THHN, 14 14 24 39 68 91 149 211 326 436 562
THWN, 12 10 17 29 49 67 109 154 238 318 410
THWN-2 10 6 11 18 31 42 68 97 150 200 258

8 3 6 10 18 24 39 56 86 115 149
6 2 4 7 13 17 28 40 62 83 107
4 1 3 4 8 10 17 25 38 51 66
3 1 2 4 6 9 15 21 32 43 56
2 1 1 3 5 7 12 17 27 36 47
1 1 1 2 4 5 9 13 20 27 35

1/0 1 1 1 3 4 8 11 17 23 29
2/0 1 1 1 3 4 6 9 14 19 24
3/0 0 1 1 2 3 5 7 12 16 20
4/0 0 1 1 1 2 4 6 9 13 17
250 0 0 1 1 1 3 5 8 10 13
300 0 0 1 1 1 3 4 7 9 12
350 0 0 1 1 1 2 4 6 8 10
400 0 0 1 1 1 2 3 5 7 9
500 0 0 0 1 1 1 3 4 6 7
600 0 0 0 1 1 1 2 3 5 6
700 0 0 0 1 1 1 1 3 4 5
750 0 0 0 1 1 1 1 3 4 5
800 0 0 0 0 1 1 1 3 4 5
900 0 0 0 0 1 1 1 2 3 4

1000 0 0 0 0 1 1 1 2 3 4

(Continues)
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.4 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4)

FEP, FEPB, 14 13 23 38 66 89 145 205 317 423 545
PFA, PFAH, 12 10 17 28 48 65 106 150 231 309 398
TFE 10 7 12 20 34 46 76 107 166 221 285

8 4 7 11 19 26 43 61 95 127 163
6 3 5 8 14 19 31 44 67 90 116
4 1 3 5 10 13 21 30 47 63 81
3 1 3 4 8 11 18 25 39 52 68
2 1 2 4 6 9 15 21 32 43 56

PFA, PFAH, 1 1 1 2 4 6 10 14 22 30 39
TFE
PFA, PFAH, 1/0 1 1 1 4 5 8 12 19 25 32
TFE, Z 2/0 1 1 1 3 4 7 10 15 21 27

3/0 0 1 1 2 3 6 8 13 17 22
4/0 0 1 1 1 3 5 7 10 14 18

Z 14 16 28 46 79 107 175 247 381 510 657
12 11 20 32 56 76 124 175 271 362 466
10 7 12 20 34 46 76 107 166 221 285
8 4 7 12 21 29 48 68 105 140 180
6 3 5 9 15 20 33 47 73 98 127
4 1 3 6 10 14 23 33 50 67 87
3 1 2 4 7 10 17 24 37 49 63
2 1 1 3 6 8 14 20 30 41 53
1 1 1 3 5 7 11 16 25 33 43

XHH, 14 10 17 27 47 64 104 147 228 304 392
XHHW, 12 7 13 21 36 49 80 113 175 234 301
XHHW-2, 10 5 9 15 27 36 59 84 130 174 224
ZW 8 3 5 8 15 20 33 47 72 97 124

6 1 4 6 11 15 24 35 53 71 92
4 1 3 4 8 11 18 25 39 52 67
3 1 2 4 7 9 15 21 33 44 56
2 1 1 3 5 7 12 18 27 37 47

XHH, 1 1 1 2 4 5 9 13 20 27 35
XHHW, 1/0 1 1 1 3 5 8 11 17 23 30
XHHW-2 2/0 1 1 1 3 4 6 9 14 19 25

3/0 0 1 1 2 3 5 7 12 16 20
4/0 0 1 1 1 2 4 6 10 13 17
250 0 0 1 1 1 3 5 8 11 14
300 0 0 1 1 1 3 4 7 9 12
350 0 0 1 1 1 3 4 6 8 10
400 0 0 1 1 1 2 3 5 7 9
500 0 0 0 1 1 1 3 4 6 8
600 0 0 0 1 1 1 2 3 5 6
700 0 0 0 1 1 1 1 3 4 5
750 0 0 0 1 1 1 1 3 4 5
800 0 0 0 0 1 1 1 3 4 5
900 0 0 0 0 1 1 1 2 3 4

1000 0 0 0 0 1 1 1 2 3 4
1250 0 0 0 0 0 1 1 1 2 3
1500 0 0 0 0 0 1 1 1 1 2
1750 0 0 0 0 0 1 1 1 1 2
2000 0 0 0 0 0 0 1 1 1 1
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.4 Continued

FIXTURE WIRES

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2)

FHH-2, RFH-2, 18 9 16 26 45 61 100
RFHH-3 16 8 13 22 38 51 84
SF-2, SFF-2 18 12 20 33 57 77 126

16 10 17 27 47 64 104
14 8 13 22 38 51 84

SF-1, SFF-1 18 21 36 59 101 137 223
RFH-1, RFHH-2, 18 15 26 43 75 101 165
TF, TFF, XF, XFF
RFH-2, TF, TFF, 16 12 21 35 60 81 133
XF, XFF
XF, XFF 14 10 17 27 47 64 104
TFN, TFFN 18 25 42 69 119 161 264

16 19 32 53 91 123 201
PF, PFF, PGF, 18 23 40 66 113 153 250
PGFF, PAF, PTF, 16 18 31 51 87 118 193
PTFF, PAFF 14 13 23 38 66 89 145
ZF, ZFF, ZHF, HF, 18 30 52 85 146 197 322
HFF 16 22 38 63 108 145 238

14 16 28 46 79 107 175
KF-2, KFF-2 18 44 75 123 212 287 468

16 31 53 87 149 202 330
14 21 36 60 103 139 227
12 14 25 41 70 95 156
10 10 17 27 47 64 104

KF-1, KFF-1 18 52 90 147 253 342 558
16 37 63 103 178 240 392
14 25 42 69 119 161 264
12 16 28 46 79 107 175
10 10 18 30 52 70 114

XF, XFF 12 5 9 14 25 34 56
10 4 7 11 19 26 43

Notes:
1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.4(A)
should be used.
2. Two-hour fire-rated RHH cable has ceramifiable insulation which has much larger diameters than
other RHH wires.
Consult manufacturer’s conduit fill tables.
*Types RHH, RHW, and RHW-2 without outer covering.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.4(A) Maximum Number of Compact Conductors in Intermediate Metal Conduit
(IMC) (Based on Table 1, Chapter 9)

COMPACT CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4)

THW, 8 2 4 7 13 17 28 40 62 83 107
THW-2, 6 1 3 6 10 13 22 31 48 64 82
THHW 4 1 2 4 7 10 16 23 36 48 62

2 1 1 3 5 7 12 17 26 35 45
1 1 1 1 4 5 8 12 18 25 32

1/0 1 1 1 3 4 7 10 16 21 27
2/0 0 1 1 3 4 6 9 13 18 23
3/0 0 1 1 2 3 5 7 11 15 20
4/0 0 1 1 1 2 4 6 9 13 16
250 0 0 1 1 1 3 5 7 10 13
300 0 0 1 1 1 3 4 6 9 11
350 0 0 1 1 1 2 4 6 8 10
400 0 0 1 1 1 2 3 5 7 9
500 0 0 0 1 1 1 3 4 6 8
600 0 0 0 1 1 1 2 3 5 6
700 0 0 0 1 1 1 1 3 4 5
750 0 0 0 1 1 1 1 3 4 5
900 0 0 0 0 1 1 1 2 3 4

1000 0 0 0 0 1 1 1 2 3 4
THHN, 8 — — — — — — — — — —
THWN, 6 3 5 8 14 19 32 45 70 93 120
THWN-2 4 1 3 5 9 12 20 28 43 58 74

2 1 1 3 6 8 14 20 31 41 53
1 1 1 3 5 6 10 15 23 31 40

1/0 1 1 2 4 5 9 13 20 26 34
2/0 1 1 1 3 4 7 10 16 22 28
3/0 0 1 1 3 4 6 9 14 18 24
4/0 0 1 1 2 3 5 7 11 15 19
250 0 1 1 1 2 4 6 9 12 15
300 0 0 1 1 1 3 5 7 10 13
350 0 0 1 1 1 3 4 7 9 11
400 0 0 1 1 1 2 4 6 8 10
500 0 0 1 1 1 2 3 5 7 9
600 0 0 0 1 1 1 2 4 5 7
700 0 0 0 1 1 1 2 3 5 6
750 0 0 0 1 1 1 1 3 4 6
900 0 0 0 0 1 1 2 3 3 5

1000 0 0 0 0 1 1 1 2 3 4
XHHW, 8 3 6 9 16 22 37 52 80 107 138
XHHW-2 6 2 4 7 12 16 27 38 59 80 103

4 1 3 5 9 12 20 28 43 58 74
2 1 1 3 6 8 14 20 31 41 53
1 1 1 3 5 6 10 15 23 31 40

1/0 1 1 2 4 5 9 13 20 26 34
2/0 1 1 1 3 4 7 11 17 22 29
3/0 0 1 1 3 4 6 9 14 18 24
4/0 0 1 1 2 3 5 7 11 15 20
250 0 1 1 1 2 4 6 9 12 16
300 0 0 1 1 1 3 5 8 10 13
350 0 0 1 1 1 3 4 7 9 12
400 0 0 1 1 1 3 4 6 8 11
500 0 0 1 1 1 2 3 5 7 9
600 0 0 0 1 1 1 2 4 5 7
700 0 0 0 1 1 1 2 3 5 6
750 0 0 0 1 1 1 1 3 4 6
900 0 0 0 0 1 1 2 3 4 5

1000 0 0 0 0 1 1 1 2 3 4

Definition: Compact stranding is the result of a manufacturing process where the standard conductor
is compressed to the extent that interstices (voids between strand wires) are virtually eliminated.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.5 Maximum Number of Conductors or Fixture Wires in Liquidtight Flexible
Nonmetallic Conduit (Type LFNC-B*) (Based on Table 1, Chapter 9)

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 12 16 21 27 35 41 53

Type kcmil) (3⁄8) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2)

RHH, RHW, 14 2 4 7 12 21 27 44
RHW-2 12 1 3 6 10 17 22 36

10 1 3 5 8 14 18 29
8 1 1 2 4 7 9 15
6 1 1 1 3 6 7 12
4 0 1 1 2 4 6 9
3 0 1 1 1 4 5 8
2 0 1 1 1 3 4 7
1 0 0 1 1 1 3 5

1/0 0 0 1 1 1 2 4
2/0 0 0 1 1 1 1 3
3/0 0 0 0 1 1 1 3
4/0 0 0 0 1 1 1 2
250 0 0 0 0 1 1 1
300 0 0 0 0 1 1 1
350 0 0 0 0 1 1 1
400 0 0 0 0 1 1 1
500 0 0 0 0 1 1 1
600 0 0 0 0 0 1 1
700 0 0 0 0 0 0 1
750 0 0 0 0 0 0 1
800 0 0 0 0 0 0 1
900 0 0 0 0 0 0 1

1000 0 0 0 0 0 0 1
1250 0 0 0 0 0 0 0
1500 0 0 0 0 0 0 0
1750 0 0 0 0 0 0 0
2000 0 0 0 0 0 0 0

TW 14 5 9 15 25 44 57 93
12 4 7 12 19 33 43 71
10 3 5 9 14 25 32 53

8 1 3 5 8 14 18 29
RHH†, RHW†, 14 3 6 10 16 29 38 62
RHW-2†,
THHW, THW,
THW-2
RHH†, RHW†, 12 3 5 8 13 23 30 50
RHW-2†, 10 1 3 6 10 18 23 39
THHW, THW
RHH†, RHW†, 8 1 1 4 6 11 14 23
RHW-2†,
THHW, THW,
THW-2
RHH†, RHW†, 6 1 1 3 5 8 11 18
RHW-2†, TW, 4 1 1 1 3 6 8 13
THW, THHW, 3 1 1 1 3 5 7 11
THW-2

(Continues)
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.5 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 12 16 21 27 35 41 53

Type kcmil) (3⁄8) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2)

RHH†, RHW†, 2 0 1 1 2 4 6 9
RHW-2†, TW, 1 0 1 1 1 3 4 7
THW, THHW, 1/0 0 0 1 1 2 3 6
THW-2 2/0 0 0 1 1 2 3 5

3/0 0 0 1 1 1 2 4
4/0 0 0 0 1 1 1 3
250 0 0 0 1 1 1 3
300 0 0 0 1 1 1 2
350 0 0 0 0 1 1 1
400 0 0 0 0 1 1 1
500 0 0 0 0 1 1 1
600 0 0 0 0 1 1 1
700 0 0 0 0 0 1 1
750 0 0 0 0 0 1 1
800 0 0 0 0 0 1 1
900 0 0 0 0 0 0 1

1000 0 0 0 0 0 0 1
1250 0 0 0 0 0 0 1
1500 0 0 0 0 0 0 0
1750 0 0 0 0 0 0 0
2000 0 0 0 0 0 0 0

THHN, THWN, 14 8 13 22 36 63 81 133
THWN-2 12 5 9 16 26 46 59 97

10 3 6 10 16 29 37 61
8 1 3 6 9 16 21 35
6 1 2 4 7 12 15 25
4 1 1 2 4 7 9 15
3 1 1 1 3 6 8 13
2 1 1 1 3 5 7 11
1 0 1 1 1 4 5 8

1/0 0 1 1 1 3 4 7
2/0 0 0 1 1 2 3 6
3/0 0 0 1 1 1 3 5
4/0 0 0 1 1 1 2 4
250 0 0 0 1 1 1 3
300 0 0 0 1 1 1 3
350 0 0 0 1 1 1 2
400 0 0 0 0 1 1 1
500 0 0 0 0 1 1 1
600 0 0 0 0 1 1 1
700 0 0 0 0 1 1 1
750 0 0 0 0 0 1 1
800 0 0 0 0 0 1 1
900 0 0 0 0 0 1 1

1000 0 0 0 0 0 0 1
FEP, FEPB, PFA, 14 7 12 21 35 61 79 129
PFAH, TFE 12 5 9 15 25 44 57 94

10 4 6 11 18 32 41 68
8 1 3 6 10 18 23 39
6 1 2 4 7 13 17 27
4 1 1 3 5 9 12 19
3 1 1 2 4 7 10 16
2 1 1 1 3 6 8 13
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.5 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 12 16 21 27 35 41 53

Type kcmil) (3⁄8) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2)

PFA, PFAH, TFE 1 0 1 1 2 4 5 9
PFA, PFAH 1/0 0 1 1 1 3 4 7
TFE, Z 2/0 0 1 1 1 3 4 6

3/0 0 0 1 1 2 3 5
4/0 0 0 1 1 1 2 4

Z 14 9 15 26 42 73 95 156
12 6 10 18 30 52 67 111
10 4 6 11 18 32 41 68
8 2 4 7 11 20 26 43
6 1 3 5 8 14 18 30
4 1 1 3 5 9 12 20
3 1 1 2 4 7 9 15
2 0 1 1 3 6 7 12
1 0 1 1 2 5 6 10

XHH, XHHW, 14 5 9 15 25 44 57 93
XHHW-2, ZW 12 4 7 12 19 33 43 71

10 3 5 9 14 25 32 53
8 1 3 5 8 14 18 29
6 1 1 3 6 10 13 22
4 1 1 2 4 7 9 16
3 1 1 1 3 6 8 13
2 1 1 1 3 5 7 11

XHH, XHHW, 1 0 1 1 1 4 5 8
XHHW-2 1/0 0 1 1 1 3 4 7

2/0 0 0 1 1 2 3 6
3/0 0 0 1 1 1 3 5
4/0 0 0 1 1 1 2 4
250 0 0 0 1 1 1 3
300 0 0 0 1 1 1 3
350 0 0 0 1 1 1 2
400 0 0 0 0 1 1 1
500 0 0 0 0 1 1 1
600 0 0 0 0 1 1 1
700 0 0 0 0 1 1 1
750 0 0 0 0 0 1 1
800 0 0 0 0 0 1 1
900 0 0 0 0 0 1 1

1000 0 0 0 0 0 0 1
1250 0 0 0 0 0 0 1
1500 0 0 0 0 0 0 1
1750 0 0 0 0 0 0 0
2000 0 0 0 0 0 0 0

(Continues)
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.5 Continued

FIXTURE WIRES

Metric Designator (Trade Size)
Conductor
Size (AWG/ 12 16 21 27 35 41 53

Type kcmil) (3⁄8) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2)

FFH-2, RFH-2 18 5 8 15 24 42 54 89
16 4 7 12 20 35 46 75

SF-2, SFF-2 18 6 11 19 30 53 69 113
16 5 9 15 25 44 57 93
14 4 7 12 20 35 46 75

SF-1, SFF-1 18 11 19 33 53 94 122 199
RFH-1, RFHH-2, 18 8 14 24 39 69 90 147
TF, TFF, XF,
XFF
RFHH-2, TF, 16 7 11 20 32 56 72 119
TFF, XF, XFF
XF, XFF 14 5 9 15 25 44 57 93
TFN, TFFN 18 14 23 39 63 111 144 236

16 10 17 30 48 85 110 180
PF, PFF, PGF, 18 13 21 37 60 105 136 223
PGFF, PAF, PTF, 16 10 16 29 46 81 105 173
PTFF, PAFF 14 7 12 21 35 61 79 129
HF, HFF, ZF, 18 17 28 48 77 136 176 288
ZFF, ZHF 16 12 20 35 57 100 129 212

14 9 15 26 42 73 95 156
KF-2, KFF-2 18 24 40 70 112 197 255 418

16 17 28 49 79 139 180 295
14 12 19 34 54 95 123 202
12 8 13 23 37 65 85 139
10 5 9 15 25 44 57 93

KF-1, KFF-1 18 29 48 83 134 235 304 499
16 20 34 58 94 165 214 350
14 14 23 39 63 111 144 236
12 9 15 26 42 73 95 156
10 6 10 17 27 48 62 102

XF, XFF 12 3 5 8 13 23 30 50
10 1 3 6 10 18 23 39

Notes:
1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.5(A)
should be used.
2. Two-hour fire-rated RHH cable has ceramifiable insulation which has much larger diameters than
other RHH wires.
Consult manufacturer’s conduit fill tables.
*Corresponds to 356.2(2).
†Types RHH, RHW, and RHW-2 without outer covering.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.5(A) Maximum Number of Compact Conductors in Liquidtight Flexible
Nonmetallic Conduit (Type LFNC-B*) (Based on Table 1, Chapter 9)

COMPACT CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 12 16 21 27 35 41 53

Type kcmil) (3⁄8) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2)

THW, THW-2, 8 1 2 4 7 12 15 25
THHW 6 1 1 3 5 9 12 19

4 1 1 2 4 7 9 14
2 1 1 1 3 5 6 11
1 0 1 1 1 3 4 7

1/0 0 1 1 1 3 4 6
2/0 0 0 1 1 2 3 5
3/0 0 0 1 1 1 3 4
4/0 0 0 1 1 1 2 4
250 0 0 0 1 1 1 3
300 0 0 0 1 1 1 2
350 0 0 0 1 1 1 2
400 0 0 0 0 1 1 1
500 0 0 0 0 1 1 1
600 0 0 0 0 1 1 1
700 0 0 0 0 1 1 1
750 0 0 0 0 0 1 1
900 — 0 0 0 0 1 1

1000 0 0 0 0 0 1 1
THHN, THWN, 8 — — — — — — —
THWN-2 6 1 2 4 7 13 17 28

4 1 1 3 4 8 11 17
2 1 1 1 3 6 7 12
1 0 1 1 2 4 6 9

1/0 0 1 1 1 4 5 8
2/0 0 1 1 1 3 4 6
3/0 0 0 1 1 2 3 5
4/0 0 0 1 1 1 3 4
250 0 0 1 1 1 1 3
300 0 0 0 1 1 1 3
350 0 0 0 1 1 1 2
400 0 0 0 1 1 1 2
500 0 0 0 0 1 1 1
600 0 0 0 0 1 1 1
700 0 0 0 0 1 1 1
750 0 0 0 0 1 1 1
900 — 0 0 0 0 1 1

1000 0 0 0 0 0 1 1
XHHW, 8 1 3 5 9 15 20 33
XHHW-2 6 1 2 4 6 11 15 24

4 1 1 3 4 8 11 17
2 1 1 1 3 6 7 12
1 0 1 1 2 4 6 9

1/0 0 1 1 1 4 5 8
2/0 0 1 1 1 3 4 7
3/0 0 0 1 1 2 3 5
4/0 0 0 1 1 1 3 4
250 0 0 1 1 1 1 3
300 0 0 0 1 1 1 3
350 0 0 0 1 1 1 3
400 0 0 0 1 1 1 2
500 0 0 0 0 1 1 1
600 0 0 0 0 1 1 1
700 0 0 0 0 1 1 1
750 0 0 0 0 1 1 1
900 — 0 0 0 0 1 1

1000 0 0 0 0 0 1 1

*Corresponds to 356.2(2).
Definition: Compact stranding is the result of a manufacturing process where the standard conductor
is compressed to the extent that the interstices (voids between strand wires) are virtually eliminated.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.6 Maximum Number of Conductors or Fixture Wires in Liquidtight Flexible
Nonmetallic Conduit (Type LFNC-A*) (Based on Table 1, Chapter 9)

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 12 16 21 27 35 41 53

Type kcmil) (3⁄8) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2)

RHH, RHW, 14 2 4 7 11 20 27 45
RHW-2 12 1 3 6 9 17 23 38

10 1 3 5 8 13 18 30
8 1 1 2 4 7 9 16
6 1 1 1 3 5 7 13
4 0 1 1 2 4 6 10
3 0 1 1 1 4 5 8
2 0 1 1 1 3 4 7
1 0 0 1 1 1 3 5

1/0 0 0 1 1 1 2 4
2/0 0 0 1 1 1 1 4
3/0 0 0 0 1 1 1 3
4/0 0 0 0 1 1 1 3
250 0 0 0 0 1 1 1
300 0 0 0 0 1 1 1
350 0 0 0 0 1 1 1
400 0 0 0 0 1 1 1
500 0 0 0 0 0 1 1
600 0 0 0 0 0 1 1
700 0 0 0 0 0 0 1
750 0 0 0 0 0 0 1
800 0 0 0 0 0 0 1
900 0 0 0 0 0 0 1

1000 0 0 0 0 0 0 1
1250 0 0 0 0 0 0 0
1500 0 0 0 0 0 0 0
1750 0 0 0 0 0 0 0
2000 0 0 0 0 0 0 0

TW 14 5 9 15 24 43 58 96
12 4 7 12 19 33 44 74
10 3 5 9 14 24 33 55

8 1 3 5 8 13 18 30

RHH†, RHW†, 14 3 6 10 16 28 38 64
RHW-2†,
THHW, THW,
THW-2

RHH†, RHW†, 12 3 4 8 13 23 31 51
RHW-2†, 10 1 3 6 10 18 24 40
THHW, THW

RHH†, RHW†, 8 1 1 4 6 10 14 24
RHW-2†,
THHW, THW,
THW-2
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.6 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 12 16 21 27 35 41 53

Type kcmil) (3⁄8) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2)

RHH†, RHW†, 6 1 1 3 4 8 11 18
RHW-2†, TW, 4 1 1 1 3 6 8 13
THW, THHW, 3 1 1 1 3 5 7 11
THW-2 2 0 1 1 2 4 6 10

1 0 1 1 1 3 4 7
1/0 0 0 1 1 2 3 6
2/0 0 0 1 1 1 3 5
3/0 0 0 1 1 1 2 4
4/0 0 0 0 1 1 1 3
250 0 0 0 1 1 1 3
300 0 0 0 1 1 1 2
350 0 0 0 0 1 1 1
400 0 0 0 0 1 1 1
500 0 0 0 0 1 1 1
600 0 0 0 0 1 1 1
700 0 0 0 0 0 1 1
750 0 0 0 0 0 1 1
800 0 0 0 0 0 1 1
900 0 0 0 0 0 0 1

1000 0 0 0 0 0 0 1
1250 0 0 0 0 0 0 1
1500 0 0 0 0 0 0 1
1750 0 0 0 0 0 0 0
2000 0 0 0 0 0 0 0

THHN, THWN, 14 8 13 22 35 62 83 137
THWN-2 12 5 9 16 25 45 60 100

10 3 6 10 16 28 38 63
8 1 3 6 9 16 22 36
6 1 2 4 6 12 16 26
4 1 1 2 4 7 9 16
3 1 1 1 3 6 8 13
2 1 1 1 3 5 7 11
1 0 1 1 1 4 5 8

1/0 0 1 1 1 3 4 7
2/0 0 0 1 1 2 3 6
3/0 0 0 1 1 1 3 5
4/0 0 0 1 1 1 2 4
250 0 0 0 1 1 1 3
300 0 0 0 1 1 1 3
350 0 0 0 1 1 1 2
400 0 0 0 0 1 1 1
500 0 0 0 0 1 1 1
600 0 0 0 0 1 1 1
700 0 0 0 0 1 1 1
750 0 0 0 0 0 1 1
800 0 0 0 0 0 1 1
900 0 0 0 0 0 1 1

1000 0 0 0 0 0 0 1

(Continues)
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.6 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 12 16 21 27 35 41 53

Type kcmil) (3⁄8) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2)

FEP, FEPB, PFA, 14 7 12 21 34 60 80 133
PFAH, TFE 12 5 9 15 25 44 59 97

10 4 6 11 18 31 42 70
8 1 3 6 10 18 24 40
6 1 2 4 7 13 17 28
4 1 1 3 5 9 12 20
3 1 1 2 4 7 10 16
2 1 1 1 3 6 8 13

PFA, PFAH, TFE 1 0 1 1 2 4 5 9

PFA, PFAH, 1/0 0 1 1 1 3 5 8
TFE, Z 2/0 0 1 1 1 3 4 6

3/0 0 0 1 1 2 3 5
4/0 0 0 1 1 1 2 4

Z 14 9 15 25 41 72 97 161
12 6 10 18 29 51 69 114
10 4 6 11 18 31 42 70
8 2 4 7 11 20 26 44
6 1 3 5 8 14 18 31
4 1 1 3 5 9 13 21
3 1 1 2 4 7 9 15
2 1 1 1 3 6 8 13
1 1 1 1 2 4 6 10

XHH, XHHW, 14 5 9 15 24 43 58 96
XHHW-2, ZW 12 4 7 12 19 33 44 74

10 3 5 9 14 24 33 55
8 1 3 5 8 13 18 30
6 1 1 3 5 10 13 22
4 1 1 2 4 7 10 16
3 1 1 1 3 6 8 14
2 1 1 1 3 5 7 11

XHH, XHHW, 1 0 1 1 1 4 5 8
XHHW-2 1/0 0 1 1 1 3 4 7

2/0 0 0 1 1 2 3 6
3/0 0 0 1 1 1 3 5
4/0 0 0 1 1 1 2 4
250 0 0 0 1 1 1 3
300 0 0 0 1 1 1 3
350 0 0 0 1 1 1 2
400 0 0 0 0 1 1 1
500 0 0 0 0 1 1 1
600 0 0 0 0 1 1 1
700 0 0 0 0 1 1 1
750 0 0 0 0 0 1 1
800 0 0 0 0 0 1 1
900 0 0 0 0 0 1 1

1000 0 0 0 0 0 0 1
1250 0 0 0 0 0 0 1
1500 0 0 0 0 0 0 1
1750 0 0 0 0 0 0 0
2000 0 0 0 0 0 0 0
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.6 Continued

FIXTURE WIRES

Metric Designator (Trade Size)
Conductor
Size (AWG/ 12 16 21 27 35 41 53

Type kcmil) (3⁄8) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2)

FFH-2, RFH-2, 18 5 8 14 23 41 55 92
RFHH-3 16 4 7 12 20 35 47 77

SF-2, SFF-2 18 6 11 18 29 52 70 116
16 5 9 15 24 43 58 96
14 4 7 12 20 35 47 77

SF-1, SFF-1 18 12 19 33 52 92 124 205

RFH-1, RFHH-2, 18 8 14 24 39 68 91 152
TF, TFF, XF,
XFF

RFHH-2, TF, 16 7 11 19 31 55 74 122
TFF, XF, XFF

XF, XFF 14 5 9 15 24 43 58 96

TFN, TFFN 18 14 22 39 62 109 146 243
16 10 17 29 47 83 112 185

PF, PFF, PGF, 18 13 21 37 59 103 139 230
PGFF, PAF, PTF, 16 10 16 28 45 80 107 178
PTFF, PAFF 14 7 12 21 34 60 80 133

HF, HFF, ZF, 18 17 27 47 76 133 179 297
ZFF, ZHF

16 12 20 35 56 98 132 219
14 9 15 25 41 72 97 161

KF-2, KFF-2 18 25 40 69 110 193 260 431
16 17 28 48 77 136 183 303
14 12 19 33 53 94 126 209
12 8 13 23 36 64 86 143
10 5 9 15 24 43 58 96

KF-1, KFF-1 18 29 48 82 131 231 310 514
16 21 33 57 92 162 218 361
14 14 22 39 62 109 146 243
12 9 15 25 41 72 97 161
10 6 10 17 27 47 63 105

XF, XFF 12 3 4 8 13 23 31 51
10 1 3 6 10 18 24 40

Notes:
1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.6(A)
should be used.
2. Two-hour fire-rated RHH cable has ceramifiable insulation which has much larger diameters than
other RHH wires.
Consult manufacturer’s conduit fill tables.
*Corresponds to 356.2(1).
†Types RHH, RHW, and RHW-2 without outer covering.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.6(A) Maximum Number of Compact Conductors in Liquidtight Flexible
Nonmetallic Conduit (Type LFNC-A*) (Based on Table 1, Chapter 9)

COMPACT CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 12 16 21 27 35 41 53

Type kcmil) (3⁄8) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2)

THW, THW-2, 8 1 2 4 6 11 16 26
THHW 6 1 1 3 5 9 12 20

4 1 1 2 4 7 9 15
2 1 1 1 3 5 6 11
1 0 1 1 1 3 4 8

1/0 0 1 1 1 3 4 7
2/0 0 0 1 1 2 3 5
3/0 0 0 1 1 1 3 5
4/0 0 0 1 1 1 2 4
250 0 0 0 1 1 1 3
300 0 0 0 1 1 1 3
350 0 0 0 1 1 1 2
400 0 0 0 0 1 1 1
500 0 0 0 0 1 1 1
600 0 0 0 0 1 1 1
700 0 0 0 0 1 1 1
750 0 0 0 0 0 1 1
900 — 0 0 0 0 1 1

1000 0 0 0 0 0 1 1
THHN, THWN, 8 — — — — — — —
THWN-2 6 1 2 4 7 13 18 29

4 1 1 3 4 8 11 18
2 1 1 1 3 6 8 13
1 0 1 1 2 4 6 10

1/0 0 1 1 1 3 5 8
2/0 0 1 1 1 3 4 7
3/0 0 0 1 1 2 3 6
4/0 0 0 1 1 1 3 5
250 0 0 1 1 1 1 3
300 0 0 0 1 1 1 3
350 0 0 0 1 1 1 3
400 0 0 0 1 1 1 2
500 0 0 0 0 1 1 1
600 0 0 0 0 1 1 1
700 0 0 0 0 1 1 1
750 0 0 0 0 1 1 1
900 — 0 0 0 0 1 1

1000 0 0 0 0 0 1 1
XHHW, 8 1 3 5 8 15 20 34
XHHW-2 6 1 2 4 6 11 15 25

4 1 1 3 4 8 11 18
2 1 1 1 3 6 8 13
1 0 1 1 2 4 6 10

1/0 0 1 1 1 3 5 8
2/0 0 1 1 1 3 4 7
3/0 0 0 1 1 2 3 6
4/0 0 0 1 1 1 3 5
250 0 0 1 1 1 2 4
300 0 0 0 1 1 1 3
350 0 0 0 1 1 1 3
400 0 0 0 1 1 1 2
500 0 0 0 0 1 1 1
600 0 0 0 0 1 1 1
700 0 0 0 0 1 1 1
750 0 0 0 0 1 1 1
900 — 0 0 0 0 1 1

1000 0 0 0 0 0 1 1

*Corresponds to 356.2(1).
Definition: Compact stranding is the result of a manufacturing process where the standard conductor
is compressed to the extent that the interstices (voids between strand wires) are virtually eliminated.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.7 Maximum Number of Conductors or Fixture Wires in Liquidtight Flexible Metal
Conduit (LFMC) (Based on Table 1, Chapter 9)

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103

Type kcmil) (1⁄2) (3⁄4) (1) (1⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4)

RHH, RHW, 14 4 7 12 21 27 44 66 102 133 173
RHW-2 12 3 6 10 17 22 36 55 84 110 144

10 3 5 8 14 18 29 44 68 89 116
8 1 2 4 7 9 15 23 36 46 61
6 1 1 3 6 7 12 18 28 37 48
4 1 1 2 4 6 9 14 22 29 38
3 1 1 1 4 5 8 13 19 25 33
2 1 1 1 3 4 7 11 17 22 29
1 0 1 1 1 3 5 7 11 14 19

1/0 0 1 1 1 2 4 6 10 13 16
2/0 0 1 1 1 1 3 5 8 11 14
3/0 0 0 1 1 1 3 4 7 9 12
4/0 0 0 1 1 1 2 4 6 8 10
250 0 0 0 1 1 1 3 4 6 8
300 0 0 0 1 1 1 2 4 5 7
350 0 0 0 1 1 1 2 3 5 6
400 0 0 0 1 1 1 1 3 4 6
500 0 0 0 1 1 1 1 3 4 5
600 0 0 0 0 1 1 1 2 3 4
700 0 0 0 0 0 1 1 1 3 3
750 0 0 0 0 0 1 1 1 2 3
800 0 0 0 0 0 1 1 1 2 3
900 0 0 0 0 0 1 1 1 2 3

1000 0 0 0 0 0 1 1 1 1 3
1250 0 0 0 0 0 0 1 1 1 1
1500 0 0 0 0 0 0 1 1 1 1
1750 0 0 0 0 0 0 1 1 1 1
2000 0 0 0 0 0 0 0 1 1 1

TW 14 9 15 25 44 57 93 140 215 280 365
12 7 12 19 33 43 71 108 165 215 280
10 5 9 14 25 32 53 80 123 160 209

8 3 5 8 14 18 29 44 68 89 116
RHH*, 14 6 10 16 29 38 62 93 143 186 243
RHW*,
RHW-2*,
THHW,
THW, THW-2
RHH*, 12 5 8 13 23 30 50 75 115 149 195
RHW*,
RHW-2*, 10 3 6 10 18 23 39 58 89 117 152
THHW, THW
RHH*, 8 1 4 6 11 14 23 35 53 70 91
RHW*,
RHW-2*,
THHW,
THW, THW-2

(Continues)
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.7 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103

Type kcmil) (1⁄2) (3⁄4) (1) (1⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4)

RHH*, 6 1 3 5 8 11 18 27 41 53 70
RHW*, 4 1 1 3 6 8 13 20 30 40 52
RHW-2*, TW, 3 1 1 3 5 7 11 17 26 34 44
THW, THHW, 2 1 1 2 4 6 9 14 22 29 38
THW-2 1 1 1 1 3 4 7 10 15 20 26

1/0 0 1 1 2 3 6 8 13 17 23
2/0 0 1 1 2 3 5 7 11 15 19
3/0 0 1 1 1 2 4 6 9 12 16
4/0 0 0 1 1 1 3 5 8 10 13
250 0 0 1 1 1 3 4 6 8 11
300 0 0 1 1 1 2 3 5 7 9
350 0 0 0 1 1 1 3 5 6 8
400 0 0 0 1 1 1 3 4 6 7
500 0 0 0 1 1 1 2 3 5 6
600 0 0 0 1 1 1 1 3 4 5
700 0 0 0 0 1 1 1 2 3 4
750 0 0 0 0 1 1 1 2 3 4
800 0 0 0 0 1 1 1 2 3 4
900 0 0 0 0 0 1 1 1 3 3

1000 0 0 0 0 0 1 1 1 2 3
1250 0 0 0 0 0 1 1 1 1 2
1500 0 0 0 0 0 0 1 1 1 2
1750 0 0 0 0 0 0 1 1 1 1
2000 0 0 0 0 0 0 1 1 1 1

THHN, 14 13 22 36 63 81 133 201 308 401 523
THWN, 12 9 16 26 46 59 97 146 225 292 381
THWN-2 10 6 10 16 29 37 61 92 141 184 240

8 3 6 9 16 21 35 53 81 106 138
6 2 4 7 12 15 25 38 59 76 100
4 1 2 4 7 9 15 23 36 47 61
3 1 1 3 6 8 13 20 30 40 52
2 1 1 3 5 7 11 17 26 33 44
1 1 1 1 4 5 8 12 19 25 32

1/0 1 1 1 3 4 7 10 16 21 27
2/0 0 1 1 2 3 6 8 13 17 23
3/0 0 1 1 1 3 5 7 11 14 19
4/0 0 1 1 1 2 4 6 9 12 15
250 0 0 1 1 1 3 5 7 10 12
300 0 0 1 1 1 3 4 6 8 11
350 0 0 1 1 1 2 3 5 7 9
400 0 0 0 1 1 1 3 5 6 8
500 0 0 0 1 1 1 2 4 5 7
600 0 0 0 1 1 1 1 3 4 6
700 0 0 0 1 1 1 1 3 4 5
750 0 0 0 0 1 1 1 3 3 5
800 0 0 0 0 1 1 1 2 3 4
900 0 0 0 0 1 1 1 2 3 4

1000 0 0 0 0 0 1 1 1 3 3
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.7 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103

Type kcmil) (1⁄2) (3⁄4) (1) (1⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4)

FEP, FEPB, 14 12 21 35 61 79 129 195 299 389 507
PFA, PFAH, 12 9 15 25 44 57 94 142 218 284 370
TFE 10 6 11 18 32 41 68 102 156 203 266

8 3 6 10 18 23 39 58 89 117 152
6 2 4 7 13 17 27 41 64 83 108
4 1 3 5 9 12 19 29 44 58 75
3 1 2 4 7 10 16 24 37 48 63
2 1 1 3 6 8 13 20 30 40 52

PFA, PFAH, 1 1 1 2 4 5 9 14 21 28 36
TFE
PFA, PFAH, 1/0 1 1 1 3 4 7 11 18 23 30
TFE, Z 2/0 1 1 1 3 4 6 9 14 19 25

3/0 0 1 1 2 3 5 8 12 16 20
4/0 0 1 1 1 2 4 6 10 13 17

Z 14 20 26 42 73 95 156 235 360 469 611
12 14 18 30 52 67 111 167 255 332 434
10 8 11 18 32 41 68 102 156 203 266
8 5 7 11 20 26 43 64 99 129 168
6 4 5 8 14 18 30 45 69 90 118
4 2 3 5 9 12 20 31 48 62 81
3 2 2 4 7 9 15 23 35 45 59
2 1 1 3 6 7 12 19 29 38 49
1 1 1 2 5 6 10 15 23 30 40

XHH, 14 9 15 25 44 57 93 140 215 280 365
XHHW, 12 7 12 19 33 43 71 108 165 215 280
XHHW-2, 10 5 9 14 25 32 53 80 123 160 209
ZW 8 3 5 8 14 18 29 44 68 89 116

6 1 3 6 10 13 22 33 50 66 86
4 1 2 4 7 9 16 24 36 48 62
3 1 1 3 6 8 13 20 31 40 52
2 1 1 3 5 7 11 17 26 34 44
1 1 1 1 4 5 8 12 19 25 33

XHH, 1/0 1 1 1 3 4 7 10 16 21 28
XHHW, 2/0 0 1 1 2 3 6 9 13 17 23
XHHW-2 3/0 0 1 1 1 3 5 7 11 14 19

4/0 0 1 1 1 2 4 6 9 12 16
250 0 0 1 1 1 3 5 7 10 13
300 0 0 1 1 1 3 4 6 8 11
350 0 0 1 1 1 2 3 5 7 10
400 0 0 0 1 1 1 3 5 6 8
500 0 0 0 1 1 1 2 4 5 7
600 0 0 0 1 1 1 1 3 4 6
700 0 0 0 1 1 1 1 3 4 5
750 0 0 0 0 1 1 1 3 3 5
800 0 0 0 0 1 1 1 2 3 4
900 0 0 0 0 1 1 1 2 3 4

1000 0 0 0 0 0 1 1 1 3 3
1250 0 0 0 0 0 1 1 1 1 3
1500 0 0 0 0 0 1 1 1 1 2
1750 0 0 0 0 0 0 1 1 1 2
2000 0 0 0 0 0 0 1 1 1 2

(Continues)
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.7 Continued

FIXTURE WIRES

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2)

FFH-2, RFH-2, 18 8 15 24 42 54 89
RFHH-3 16 7 12 20 35 46 75
SF-2, SFF-2 18 11 19 30 53 69 113

16 9 15 25 44 57 93
14 7 12 20 35 46 75

SF-1, SFF-1 18 19 33 53 94 122 199
RFH-1, RFHH-2, 18 14 24 39 69 90 147
TF, TFF, XF, XFF
RFHH-2, TF, TFF, 16 11 20 32 56 72 119
XF, XFF
XF, XFF 14 9 15 25 44 57 93
TFN, TFFN 18 23 39 63 111 144 236

16 17 30 48 85 110 180
PF, PFF, PGF, 18 21 37 60 105 136 223
PGFF, PAF, PTF, 16 16 29 46 81 105 173
PTFF, PAFF 14 12 21 35 61 79 129
HF, HFF, ZF, ZFF, 18 28 48 77 136 176 288
ZHF 16 20 35 57 100 129 212

14 15 26 42 73 95 156
KF-2, KFF-2 18 40 70 112 197 255 418

16 28 49 79 139 180 295
14 19 34 54 95 123 202
12 13 23 37 65 85 139
10 9 15 25 44 57 93

KF-1, KFF-1 18 48 83 134 235 304 499
16 34 58 94 165 214 350
14 23 39 63 111 144 236
12 15 26 42 73 95 156
10 10 17 27 48 62 102

XF, XFF 12 5 8 13 23 30 50
10 3 6 10 18 23 39

Notes:
1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.7(A)
should be used.
2. Two-hour fire-rated RHH cable has ceramifiable insulation which has much larger diameters than
other RHH wires.
Consult manufacturer’s conduit fill tables.
*Types RHH, RHW, and RHW-2 without outer covering.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.7(A) Maximum Number of Compact Conductors in Liquidtight Flexible Metal
Conduit (LFMC) (Based on Table 1, Chapter 9)

COMPACT CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 12 16 21 27 35 41 53 63 78 91 103

Type kcmil) (3⁄8) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4)

THW, 8 1 2 4 7 12 15 25 38 58 76 99
THW-2, 6 1 1 3 5 9 12 19 29 45 59 77
THHW 4 1 1 2 4 7 9 14 22 34 44 57

2 1 1 1 3 5 6 11 16 25 32 42
1 0 1 1 1 3 4 7 11 17 23 30

1/0 0 1 1 1 3 4 6 10 15 20 26
2/0 0 0 1 1 2 3 5 8 13 16 21
3/0 0 0 1 1 1 3 4 7 11 14 18
4/0 0 0 1 1 1 2 4 6 9 12 15
250 0 0 0 1 1 1 3 4 7 9 12
300 0 0 0 1 1 1 2 4 6 8 10
350 0 0 0 1 1 1 2 3 5 7 9
400 0 0 0 0 1 1 1 3 5 6 8
500 0 0 0 0 1 1 1 3 4 5 7
600 0 0 0 0 1 1 1 1 3 4 6
700 0 0 0 0 1 1 1 1 3 4 5
750 0 0 0 0 0 1 1 1 3 3 5
900 — 0 0 0 0 1 1 1 2 3 4

1000 0 0 0 0 0 1 1 1 1 3 4
THHN, 8 — — — — — — — — — — —
THWN, 6 1 2 4 7 13 17 28 43 66 86 112
THWN-2 4 1 1 3 4 8 11 17 26 41 53 69

2 1 1 1 3 6 7 12 19 29 38 50
1 0 1 1 2 4 6 9 14 22 28 37

1/0 0 1 1 1 4 5 8 12 19 24 32
2/0 0 1 1 1 3 4 6 10 15 20 26
3/0 0 0 1 1 2 3 5 8 13 17 22
4/0 0 0 1 1 1 3 4 7 10 14 18
250 0 0 1 1 1 1 3 5 8 11 14
300 0 0 0 1 1 1 3 4 7 9 12
350 0 0 0 1 1 1 2 4 6 8 11
400 0 0 0 1 1 1 2 3 5 7 9
500 0 0 0 0 1 1 1 3 5 6 8
600 0 0 0 0 1 1 1 2 4 5 6
700 0 0 0 0 1 1 1 1 3 4 6
750 0 0 0 0 1 1 1 1 3 4 5
900 — 0 0 0 0 1 1 1 2 3 4

1000 0 0 0 0 0 1 1 1 2 3 4
XHHW, 8 1 3 5 9 15 20 33 49 76 98 129
XHHW-2 6 1 2 4 6 11 15 24 37 56 73 95

4 1 1 3 4 8 11 17 26 41 53 69
2 1 1 1 3 6 7 12 19 29 38 50
1 0 1 1 2 4 6 9 14 22 28 37

1/0 0 1 1 1 4 5 8 12 19 24 32
2/0 0 1 1 1 3 4 7 10 16 20 27
3/0 0 0 1 1 2 3 5 8 13 17 22
4/0 0 0 1 1 1 3 4 7 11 14 18
250 0 0 1 1 1 1 3 5 8 11 15
300 0 0 0 1 1 1 3 5 7 9 12
350 0 0 0 1 1 1 3 4 6 8 11
400 0 0 0 1 1 1 2 4 6 7 10
500 0 0 0 0 1 1 1 3 5 6 8
600 0 0 0 0 1 1 1 2 4 5 6
700 0 0 0 0 1 1 1 1 3 4 6
750 0 0 0 0 1 1 1 1 3 4 5
900 — 0 0 0 0 1 1 2 2 3 4

1000 0 0 0 0 0 1 1 1 2 3 4

Definition: Compact stranding is the result of a manufacturing process where the standard conductor
is compressed to the extent that the interstices (voids between strand wires) are virtually eliminated.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.8 Maximum Number of Conductors or Fixture Wires in Rigid Metal Conduit
(RMC) (Based on Table 1, Chapter 9)

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103 129 155

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4) (5) (6)

RHH, RHW, 14 4 7 12 21 28 46 66 102 136 176 276 398
RHW-2 12 3 6 10 17 23 38 55 85 113 146 229 330

10 3 5 8 14 19 31 44 68 91 118 185 267
8 1 2 4 7 10 16 23 36 48 61 97 139
6 1 1 3 6 8 13 18 29 38 49 77 112
4 1 1 2 4 6 10 14 22 30 38 60 87
3 1 1 2 4 5 9 12 19 26 34 53 76
2 1 1 1 3 4 7 11 17 23 29 46 66
1 0 1 1 1 3 5 7 11 15 19 30 44

1/0 0 1 1 1 2 4 6 10 13 17 26 38
2/0 0 1 1 1 2 4 5 8 11 14 23 33
3/0 0 0 1 1 1 3 4 7 10 12 20 28
4/0 0 0 1 1 1 3 4 6 8 11 17 24
250 0 0 0 1 1 1 3 4 6 8 13 18
300 0 0 0 1 1 1 2 4 5 7 11 16
350 0 0 0 1 1 1 2 4 5 6 10 15
400 0 0 0 1 1 1 1 3 4 6 9 13
500 0 0 0 1 1 1 1 3 4 5 8 11
600 0 0 0 0 1 1 1 2 3 4 6 9
700 0 0 0 0 1 1 1 1 3 4 6 8
750 0 0 0 0 0 1 1 1 3 3 5 8
800 0 0 0 0 0 1 1 1 2 3 5 7
900 0 0 0 0 0 1 1 1 2 3 5 7

1000 0 0 0 0 0 1 1 1 1 3 4 6
1250 0 0 0 0 0 0 1 1 1 1 3 5
1500 0 0 0 0 0 0 1 1 1 1 3 4
1750 0 0 0 0 0 0 1 1 1 1 2 4
2000 0 0 0 0 0 0 0 1 1 1 2 3

TW 14 9 15 25 44 59 98 140 216 288 370 581 839
12 7 12 19 33 45 75 107 165 221 284 446 644
10 5 9 14 25 34 56 80 123 164 212 332 480

8 3 5 8 14 19 31 44 68 91 118 185 267
RHH*, RHW*, 14 6 10 17 29 39 65 93 143 191 246 387 558
RHW-2*
THHW, THW,
THW-2
RHH*, RHW*, 12 5 8 13 23 32 52 75 115 154 198 311 448
RHW-2*, 10 3 6 10 18 25 41 58 90 120 154 242 350
THHW, THW
RHH*, RHW*, 8 1 4 6 11 15 24 35 54 72 92 145 209
RHW-2*,
THHW, THW,
THW-2
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.8 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103 129 155

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4) (5) (6)

RHH*, 6 1 3 5 8 11 18 27 41 55 71 111 160
RHW*, 4 1 1 3 6 8 14 20 31 41 53 83 120
RHW-2*, TW, 3 1 1 3 5 7 12 17 26 35 45 71 103
THW, THHW, 2 1 1 2 4 6 10 14 22 30 38 60 87
THW-2 1 1 1 1 3 4 7 10 15 21 27 42 61

1/0 0 1 1 2 3 6 8 13 18 23 36 52
2/0 0 1 1 2 3 5 7 11 15 19 31 44
3/0 0 1 1 1 2 4 6 9 13 16 26 37
4/0 0 0 1 1 1 3 5 8 10 14 21 31
250 0 0 1 1 1 3 4 6 8 11 17 25
300 0 0 1 1 1 2 3 5 7 9 15 22
350 0 0 0 1 1 1 3 5 6 8 13 19
400 0 0 0 1 1 1 3 4 6 7 12 17
500 0 0 0 1 1 1 2 3 5 6 10 14
600 0 0 0 1 1 1 1 3 4 5 8 12
700 0 0 0 0 1 1 1 2 3 4 7 10
750 0 0 0 0 1 1 1 2 3 4 7 10
800 0 0 0 0 1 1 1 2 3 4 6 9
900 0 0 0 0 1 1 1 1 3 4 6 8

1000 0 0 0 0 0 1 1 1 2 3 5 8
1250 0 0 0 0 0 1 1 1 1 2 4 6
1500 0 0 0 0 0 1 1 1 1 2 3 5
1750 0 0 0 0 0 0 1 1 1 1 3 4
2000 0 0 0 0 0 0 1 1 1 1 3 4

THHN, 14 13 22 36 63 85 140 200 309 412 531 833 1202
THWN, 12 9 16 26 46 62 102 146 225 301 387 608 877
THWN-2 10 6 10 17 29 39 64 92 142 189 244 383 552

8 3 6 9 16 22 37 53 82 109 140 221 318
6 2 4 7 12 16 27 38 59 79 101 159 230
4 1 2 4 7 10 16 23 36 48 62 98 141
3 1 1 3 6 8 14 20 31 41 53 83 120
2 1 1 3 5 7 11 17 26 34 44 70 100
1 1 1 1 4 5 8 12 19 25 33 51 74

1/0 1 1 1 3 4 7 10 16 21 27 43 63
2/0 0 1 1 2 3 6 8 13 18 23 36 52
3/0 0 1 1 1 3 5 7 11 15 19 30 43
4/0 0 1 1 1 2 4 6 9 12 16 25 36
250 0 0 1 1 1 3 5 7 10 13 20 29
300 0 0 1 1 1 3 4 6 8 11 17 25
350 0 0 1 1 1 2 3 5 7 10 15 22
400 0 0 1 1 1 2 3 5 7 8 13 20
500 0 0 0 1 1 1 2 4 5 7 11 16
600 0 0 0 1 1 1 1 3 4 6 9 13
700 0 0 0 1 1 1 1 3 4 5 8 11
750 0 0 0 0 1 1 1 3 4 5 7 11
800 0 0 0 0 1 1 1 2 3 4 7 10
900 0 0 0 0 1 1 1 2 3 4 6 9

1000 0 0 0 0 1 1 1 1 3 4 6 8

(Continues)
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.8 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103 129 155

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4) (5) (6)

FEP, FEPB, 14 12 22 35 61 83 136 194 300 400 515 808 1166
PFA, PFAH, 12 9 16 26 44 60 99 142 219 292 376 590 851
TFE 10 6 11 18 32 43 71 102 157 209 269 423 610

8 3 6 10 18 25 41 58 90 120 154 242 350
6 2 4 7 13 17 29 41 64 85 110 172 249
4 1 3 5 9 12 20 29 44 59 77 120 174
3 1 2 4 7 10 17 24 37 50 64 100 145
2 1 1 3 6 8 14 20 31 41 53 83 120

PFA, PFAH, 1 1 1 2 4 6 9 14 21 28 37 57 83
TFE

PFA, PFAH, 1/0 1 1 1 3 5 8 11 18 24 30 48 69
TFE, Z 2/0 1 1 1 3 4 6 9 14 19 25 40 57

3/0 0 1 1 2 3 5 8 12 16 21 33 47
4/0 0 1 1 1 2 4 6 10 13 17 27 39

Z 14 15 26 42 73 100 164 234 361 482 621 974 1405
12 10 18 30 52 71 116 166 256 342 440 691 997
10 6 11 18 32 43 71 102 157 209 269 423 610
8 4 7 11 20 27 45 64 99 132 170 267 386
6 3 5 8 14 19 31 45 69 93 120 188 271
4 1 3 5 9 13 22 31 48 64 82 129 186
3 1 2 4 7 9 16 22 35 47 60 94 136
2 1 1 3 6 8 13 19 29 39 50 78 113
1 1 1 2 5 6 10 15 23 31 40 63 92

XHH, XHHW, 14 9 15 25 44 59 98 140 216 288 370 581 839
XHHW-2, ZW 12 7 12 19 33 45 75 107 165 221 284 446 644

10 5 9 14 25 34 56 80 123 164 212 332 480
8 3 5 8 14 19 31 44 68 91 118 185 267
6 1 3 6 10 14 23 33 51 68 87 137 197
4 1 2 4 7 10 16 24 37 49 63 99 143
3 1 1 3 6 8 14 20 31 41 53 84 121
2 1 1 3 5 7 12 17 26 35 45 70 101
1 1 1 1 4 5 9 12 19 26 33 52 76

XHH, XHHW, 1/0 1 1 1 3 4 7 10 16 22 28 44 64
XHHW-2 2/0 0 1 1 2 3 6 9 13 18 23 37 53

3/0 0 1 1 1 3 5 7 11 15 19 30 44
4/0 0 1 1 1 2 4 6 9 12 16 25 36
250 0 0 1 1 1 3 5 7 10 13 20 30
300 0 0 1 1 1 3 4 6 9 11 18 25
350 0 0 1 1 1 2 3 6 7 10 15 22
400 0 0 1 1 1 2 3 5 7 9 14 20
500 0 0 0 1 1 1 2 4 5 7 11 16
600 0 0 0 1 1 1 1 3 4 6 9 13
700 0 0 0 1 1 1 1 3 4 5 8 11
750 0 0 0 0 1 1 1 3 4 5 7 11
800 0 0 0 0 1 1 1 2 3 4 7 10
900 0 0 0 0 1 1 1 2 3 4 6 9

1000 0 0 0 0 1 1 1 1 3 4 6 8
1250 0 0 0 0 0 1 1 1 2 3 4 6
1500 0 0 0 0 0 1 1 1 1 2 4 5
1750 0 0 0 0 0 0 1 1 1 1 3 5
2000 0 0 0 0 0 0 1 1 1 1 3 4
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.8 Continued

FIXTURE WIRES

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2)

FFH-2, RFH-2, 18 8 15 24 42 57 94
RFHH-3 16 7 12 20 35 48 79
SF-2, SFF-2 18 11 19 31 53 72 118

16 9 15 25 44 59 98
14 7 12 20 35 48 79

SF-1, SFF-1 18 19 33 54 94 127 209
RFH-1, RFHH-2, 18 14 25 40 69 94 155
TF, TFF, XF, XFF
RFHH-2, TF, TFF, 16 11 20 32 56 76 125
XF, XFF
XF, XFF 14 9 15 25 44 59 98
TFN, TFFN 18 23 40 64 111 150 248

16 17 30 49 84 115 189
PF, PFF, PGF, 18 21 38 61 105 143 235
PGFF, PAF, PTF, 16 16 29 47 81 110 181
PTFF, PAFF 14 12 22 35 61 83 136
HF, HFF, ZF, ZFF, 18 28 48 79 135 184 303
ZHF 16 20 36 58 100 136 223

14 15 26 42 73 100 164
KF-2, KFF-2 18 40 71 114 197 267 439

16 28 50 80 138 188 310
14 19 34 55 95 129 213
12 13 23 38 65 89 146
10 9 15 25 44 59 98

KF-1, KFF-1 18 48 84 136 235 318 524
16 34 59 96 165 224 368
14 23 40 64 111 150 248
12 15 26 42 73 100 164
10 10 17 28 48 65 107

XF, XFF 12 5 8 13 23 32 52
10 3 6 10 18 25 41

Notes:
1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.8(A)
should be used.
2. Two-hour fire-rated RHH cable has ceramifiable insulation which has much larger diameters than
other RHH wires.
Consult manufacturer’s conduit fill tables.
*Types RHH, RHW, and RHW-2 without outer covering.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.8(A) Maximum Number of Compact Conductors in Rigid Metal Conduit (RMC)
(Based on Table 1, Chapter 9)

COMPACT CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103 129 155

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4) (5) (6)

THW, 8 2 4 7 12 16 26 38 59 78 101 158 228
THW-2, 6 1 3 5 9 12 20 29 45 60 78 122 176
THHW 4 1 2 4 7 9 15 22 34 45 58 91 132

2 1 1 3 5 7 11 16 25 33 43 67 97
1 1 1 1 3 5 8 11 17 23 30 47 68

1/0 1 1 1 3 4 7 10 15 20 26 41 59
2/0 0 1 1 2 3 6 8 13 17 22 34 50
3/0 0 1 1 1 3 5 7 11 14 19 29 42
4/0 0 1 1 1 2 4 6 9 12 15 24 35
250 0 0 1 1 1 3 4 7 9 12 19 28
300 0 0 1 1 1 3 4 6 8 11 17 24
350 0 0 1 1 1 2 3 5 7 9 15 22
400 0 0 1 1 1 1 3 5 7 8 13 20
500 0 0 0 1 1 1 3 4 5 7 11 17
600 0 0 0 1 1 1 1 3 4 6 9 13
700 0 0 0 1 1 1 1 3 4 5 8 12
750 0 0 0 0 1 1 1 3 4 5 7 11
900 0 0 0 0 1 1 1 2 3 4 6 9

1000 0 0 0 0 1 1 1 1 3 4 6 9
THHN, 8 — — — — — — — — — — — —
THWN, 6 2 5 8 13 18 30 43 66 88 114 179 258
THWN-2 4 1 3 5 8 11 18 26 41 55 70 110 159

2 1 1 3 6 8 13 19 29 39 50 79 114
1 1 1 2 4 6 10 14 22 29 38 60 86

1/0 1 1 1 4 5 8 12 19 25 32 51 73
2/0 1 1 1 3 4 7 10 15 21 26 42 60
3/0 0 1 1 2 3 6 8 13 17 22 35 51
4/0 0 1 1 1 3 5 7 10 14 18 29 42
250 0 1 1 1 2 4 5 8 11 14 23 33
300 0 0 1 1 1 3 4 7 10 12 20 28
350 0 0 1 1 1 3 4 6 8 11 17 25
400 0 0 1 1 1 2 3 5 7 10 15 22
500 0 0 0 1 1 1 3 5 6 8 13 19
600 0 0 0 1 1 1 2 4 5 6 10 15
700 0 0 0 1 1 1 1 3 4 6 9 13
750 0 0 0 1 1 1 1 3 4 5 9 13
900 0 0 0 0 1 1 1 2 3 4 6 9

1000 0 0 0 0 1 1 1 2 3 4 6 9
XHHW, 8 3 5 9 15 21 34 49 76 101 130 205 296
XHHW-2 6 2 4 6 11 15 25 36 56 75 97 152 220

4 1 3 5 8 11 18 26 41 55 70 110 159
2 1 1 3 6 8 13 19 29 39 50 79 114
1 1 1 2 4 6 10 14 22 29 38 60 86

1/0 1 1 1 4 5 8 12 19 25 32 51 73
2/0 1 1 1 3 4 7 10 16 21 27 43 62
3/0 0 1 1 2 3 6 8 13 17 22 35 51
4/0 0 1 1 1 3 5 7 11 14 19 29 42
250 0 1 1 1 2 4 5 8 11 15 23 34
300 0 0 1 1 1 3 5 7 10 13 20 29
350 0 0 1 1 1 3 4 6 9 11 18 25
400 0 0 1 1 1 2 4 6 8 10 16 23
500 0 0 0 1 1 1 3 5 6 8 13 19
600 0 0 0 1 1 1 2 4 5 7 10 15
700 0 0 0 1 1 1 1 3 4 6 9 13
750 0 0 0 1 1 1 1 3 4 5 8 12
900 0 0 0 0 1 1 2 2 3 5 7 10

1000 0 0 0 0 1 1 1 2 3 4 7 10

Definition: Compact stranding is the result of a manufacturing process where the standard conductor
is compressed to the extent that the interstices (voids between strand wires) are virtually eliminated.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.9 Maximum Number of Conductors or Fixture Wires in Rigid PVC Conduit,
Schedule 80 (Based on Table 1, Chapter 9)

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103 129 155

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4) (5) (6)

RHH, RHW, 14 3 5 9 17 23 39 56 88 118 153 243 349
RHW-2 12 2 4 7 14 19 32 46 73 98 127 202 290

10 1 3 6 11 15 26 37 59 79 103 163 234
8 1 1 3 6 8 13 19 31 41 54 85 122
6 1 1 2 4 6 11 16 24 33 43 68 98
4 1 1 1 3 5 8 12 19 26 33 53 77
3 0 1 1 3 4 7 11 17 23 29 47 67
2 0 1 1 3 4 6 9 14 20 25 41 58
1 0 1 1 1 2 4 6 9 13 17 27 38

1/0 0 0 1 1 1 3 5 8 11 15 23 33
2/0 0 0 1 1 1 3 4 7 10 13 20 29
3/0 0 0 1 1 1 3 4 6 8 11 17 25
4/0 0 0 0 1 1 2 3 5 7 9 15 21
250 0 0 0 1 1 1 2 4 5 7 11 16
300 0 0 0 1 1 1 2 3 5 6 10 14
350 0 0 0 1 1 1 1 3 4 5 9 13
400 0 0 0 0 1 1 1 3 4 5 8 12
500 0 0 0 0 1 1 1 2 3 4 7 10
600 0 0 0 0 0 1 1 1 3 3 6 8
700 0 0 0 0 0 1 1 1 2 3 5 7
750 0 0 0 0 0 1 1 1 2 3 5 7
800 0 0 0 0 0 1 1 1 2 3 4 7

1000 0 0 0 0 0 1 1 1 1 2 4 5
1250 0 0 0 0 0 0 1 1 1 1 3 4
1500 0 0 0 0 0 0 1 1 1 1 2 4
1750 0 0 0 0 0 0 0 1 1 1 2 3
2000 0 0 0 0 0 0 0 1 1 1 1 3

TW 14 6 11 20 35 49 82 118 185 250 324 514 736
12 5 9 15 27 38 63 91 142 192 248 394 565
10 3 6 11 20 28 47 67 106 143 185 294 421

8 1 3 6 11 15 26 37 59 79 103 163 234

RHH*, RHW*, 14 4 8 13 23 32 55 79 123 166 215 341 490
RHW-2*,
THHW, THW,
THW-2

RHH*, RHW*, 12 3 6 10 19 26 44 63 99 133 173 274 394
RHW-2*, 10 2 5 8 15 20 34 49 77 104 135 214 307
THHW, THW

RHH*, RHW*, 8 1 3 5 9 12 20 29 46 62 81 128 184
RHW-2*,
THHW, THW,
THW-2

(Continues)
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.9 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103 129 155

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4) (5) (6)

RHH*, 6 1 1 3 7 9 16 22 35 48 62 98 141
RHW*, 4 1 1 3 5 7 12 17 26 35 46 73 105
RHW-2*, TW, 3 1 1 2 4 6 10 14 22 30 39 63 90
THW, THHW, 2 1 1 1 3 5 8 12 19 26 33 53 77
THW-2 1 0 1 1 2 3 6 8 13 18 23 37 54

1/0 0 1 1 1 3 5 7 11 15 20 32 46
2/0 0 1 1 1 2 4 6 10 13 17 27 39
3/0 0 0 1 1 1 3 5 8 11 14 23 33
4/0 0 0 1 1 1 3 4 7 9 12 19 27
250 0 0 0 1 1 2 3 5 7 9 15 22
300 0 0 0 1 1 1 3 5 6 8 13 19
350 0 0 0 1 1 1 2 4 6 7 12 17
400 0 0 0 1 1 1 2 4 5 7 10 15
500 0 0 0 1 1 1 1 3 4 5 9 13
600 0 0 0 0 1 1 1 2 3 4 7 10
700 0 0 0 0 1 1 1 2 3 4 6 9
750 0 0 0 0 0 1 1 1 3 4 6 8
800 0 0 0 0 0 1 1 1 3 3 6 8
900 0 0 0 0 0 1 1 1 2 3 5 7

1000 0 0 0 0 0 1 1 1 2 3 5 7
1250 0 0 0 0 0 1 1 1 1 2 4 5
1500 0 0 0 0 0 0 1 1 1 1 3 4
1750 0 0 0 0 0 0 1 1 1 1 3 4
2000 0 0 0 0 0 0 0 1 1 1 2 3

THHN, 14 9 17 28 51 70 118 170 265 358 464 736 1055
THWN, 12 6 12 20 37 51 86 124 193 261 338 537 770
THWN-2 10 4 7 13 23 32 54 78 122 164 213 338 485

8 2 4 7 13 18 31 45 70 95 123 195 279
6 1 3 5 9 13 22 32 51 68 89 141 202
4 1 1 3 6 8 14 20 31 42 54 86 124
3 1 1 3 5 7 12 17 26 35 46 73 105
2 1 1 2 4 6 10 14 22 30 39 61 88
1 0 1 1 3 4 7 10 16 22 29 45 65

1/0 0 1 1 2 3 6 9 14 18 24 38 55
2/0 0 1 1 1 3 5 7 11 15 20 32 46
3/0 0 1 1 1 2 4 6 9 13 17 26 38
4/0 0 0 1 1 1 3 5 8 10 14 22 31
250 0 0 1 1 1 3 4 6 8 11 18 25
300 0 0 0 1 1 2 3 5 7 9 15 22
350 0 0 0 1 1 1 3 5 6 8 13 19
400 0 0 0 1 1 1 3 4 6 7 12 17
500 0 0 0 1 1 1 2 3 5 6 10 14
600 0 0 0 0 1 1 1 3 4 5 8 12
700 0 0 0 0 1 1 1 2 3 4 7 10
750 0 0 0 0 1 1 1 2 3 4 7 9
800 0 0 0 0 1 1 1 2 3 4 6 9
900 0 0 0 0 0 1 1 1 3 3 6 8

1000 0 0 0 0 0 1 1 1 2 3 5 7
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.9 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103 129 155

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4) (5) (6)

FEP, FEPB, 14 8 16 27 49 68 115 164 257 347 450 714 1024
PFA, PFAH, 12 6 12 20 36 50 84 120 188 253 328 521 747
TFE 10 4 8 14 26 36 60 86 135 182 235 374 536

8 2 5 8 15 20 34 49 77 104 135 214 307
6 1 3 6 10 14 24 35 55 74 96 152 218
4 1 2 4 7 10 17 24 38 52 67 106 153
3 1 1 3 6 8 14 20 32 43 56 89 127
2 1 1 3 5 7 12 17 26 35 46 73 105

PFA, PFAH, 1 1 1 1 3 5 8 11 18 25 32 51 73
TFE

PFA, PFAH, 1/0 0 1 1 3 4 7 10 15 20 27 42 61
TFE, Z 2/0 0 1 1 2 3 5 8 12 17 22 35 50

3/0 0 1 1 1 2 4 6 10 14 18 29 41
4/0 0 0 1 1 1 4 5 8 11 15 24 34

Z 14 10 19 33 59 82 138 198 310 418 542 860 1233
12 7 14 23 42 58 98 141 220 297 385 610 875
10 4 8 14 26 36 60 86 135 182 235 374 536
8 3 5 9 16 22 38 54 85 115 149 236 339
6 2 4 6 11 16 26 38 60 81 104 166 238
4 1 2 4 8 11 18 26 41 55 72 114 164
3 1 2 3 5 8 13 19 30 40 52 83 119
2 1 1 2 5 6 11 16 25 33 43 69 99
1 0 1 2 4 5 9 13 20 27 35 56 80

XHH, XHHW, 14 6 11 20 35 49 82 118 185 250 324 514 736
XHHW-2, ZW 12 5 9 15 27 38 63 91 142 192 248 394 565

10 3 6 11 20 28 47 67 106 143 185 294 421
8 1 3 6 11 15 26 37 59 79 103 163 234
6 1 2 4 8 11 19 28 43 59 76 121 173
4 1 1 3 6 8 14 20 31 42 55 87 125
3 1 1 3 5 7 12 17 26 36 47 74 106
2 1 1 2 4 6 10 14 22 30 39 62 89

XHH, XHHW, 1 0 1 1 3 4 7 10 16 22 29 46 66
XHHW-2 1/0 0 1 1 2 3 6 9 14 19 24 39 56

2/0 0 1 1 1 3 5 7 11 16 20 32 46
3/0 0 1 1 1 2 4 6 9 13 17 27 38
4/0 0 0 1 1 1 3 5 8 11 14 22 32
250 0 0 1 1 1 3 4 6 9 11 18 26
300 0 0 1 1 1 2 3 5 7 10 15 22
350 0 0 0 1 1 1 3 5 6 8 14 20
400 0 0 0 1 1 1 3 4 6 7 12 17
500 0 0 0 1 1 1 2 3 5 6 10 14
600 0 0 0 0 1 1 1 3 4 5 8 11
700 0 0 0 0 1 1 1 2 3 4 7 10
750 0 0 0 0 1 1 1 2 3 4 6 9
800 0 0 0 0 1 1 1 1 3 4 6 9
900 0 0 0 0 0 1 1 — 3 3 5 8

1000 0 0 0 0 0 1 1 1 2 3 5 7
1250 0 0 0 0 0 1 1 1 1 2 4 6
1500 0 0 0 0 0 0 1 1 1 1 3 5
1750 0 0 0 0 0 0 1 1 1 1 3 4
2000 0 0 0 0 0 0 1 1 1 1 2 4

(Continues)
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.9 Continued

FIXTURE WIRES

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2)

FFH-2, RFH-2, 18 6 11 19 34 47 79
RFHH-3 16 5 9 16 28 39 67
SF-2, SFF-2 18 7 14 24 43 59 100

16 6 11 20 35 49 82
14 5 9 16 28 39 67

SF-1, SFF-1 18 13 25 42 76 105 177
RFH-1, RFHH-2, 18 10 18 31 56 77 130
TF, TFF, XF, XFF
RFHH-2, TF, TFF, 16 8 15 25 45 62 105
XF, XFF
XF, XFF 14 6 11 20 35 49 82
TFN, TFFN 18 16 29 50 90 124 209

16 12 22 38 68 95 159
PF, PFF, PGF, 18 15 28 47 85 118 198
PGFF, PAF, PTF, 16 11 22 36 66 91 153
PTFF, PAFF 14 8 16 27 49 68 115
HF, HFF, ZF, ZFF, 18 19 36 61 110 152 255
ZHF 16 14 27 45 81 112 188

14 10 19 33 59 82 138
KF-2, KFF-2 18 28 53 88 159 220 371

16 19 37 62 112 155 261
14 13 25 43 77 107 179
12 9 17 29 53 73 123
10 6 11 20 35 49 82

KF-1, KFF-1 18 33 63 106 190 263 442
16 23 44 74 133 185 310
14 16 29 50 90 124 209
12 10 19 33 59 82 138
10 7 13 21 39 54 90

XF, XFF 12 3 6 10 19 26 44
10 2 5 8 15 20 34

Notes:
1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.9(A)
should be used.
2. Two-hour fire-rated RHH cable has ceramifiable insulation which has much larger diameters than
other RHH wires.
Consult manufacturer’s conduit fill tables.
*Types RHH, RHW, and RHW-2 without outer covering.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.9(A) Maximum Number of Compact Conductors in Rigid PVC Conduit, Schedule
80 (Based on Table 1, Chapter 9)

COMPACT CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103 129 155

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4) (5) (6)

THW, THW-2, 8 1 3 5 9 13 22 32 50 68 88 140 200
THHW 6 1 2 4 7 10 17 25 39 52 68 108 155

4 1 1 3 5 7 13 18 29 39 51 81 116
2 1 1 1 4 5 9 13 21 29 37 60 85
1 0 1 1 3 4 6 9 15 20 26 42 60

1/0 0 1 1 2 3 6 8 13 17 23 36 52
2/0 0 1 1 1 3 5 7 11 15 19 30 44
3/0 0 0 1 1 2 4 6 9 12 16 26 37
4/0 0 0 1 1 1 3 5 8 10 13 22 31
250 0 0 1 1 1 2 4 6 8 11 17 25
300 0 0 0 1 1 2 3 5 7 9 15 21
350 0 0 0 1 1 1 3 5 6 8 13 19
400 0 0 0 1 1 1 3 4 6 7 12 17
500 0 0 0 1 1 1 2 3 5 6 10 14
600 0 0 0 0 1 1 1 3 4 5 8 12
700 0 0 0 0 1 1 1 2 3 4 7 10
750 0 0 0 0 1 1 1 2 3 4 7 10
900 0 0 0 0 0 1 1 2 3 4 6 8

1000 0 0 0 0 0 1 1 1 2 3 5 8
THHN, 8 — — — — — — — — — — — —
THWN, 6 1 3 6 11 15 25 36 57 77 99 158 226
THWN-2 4 1 1 3 6 9 15 22 35 47 61 98 140

2 1 1 2 5 6 11 16 25 34 44 70 100
1 1 1 1 3 5 8 12 19 25 33 53 75

1/0 0 1 1 3 4 7 10 16 22 28 45 64
2/0 0 1 1 2 3 6 8 13 18 23 37 53
3/0 0 1 1 1 3 5 7 11 15 19 31 44
4/0 0 0 1 1 2 4 6 9 12 16 25 37
250 0 0 1 1 1 3 4 7 10 12 20 29
300 0 0 1 1 1 3 4 6 8 11 17 25
350 0 0 0 1 1 2 3 5 7 9 15 22
400 0 0 0 1 1 1 3 5 6 8 13 19
500 0 0 0 1 1 1 2 4 5 7 11 16
600 0 0 0 1 1 1 1 3 4 6 9 13
700 0 0 0 0 1 1 1 3 4 5 8 12
750 0 0 0 0 1 1 1 3 4 5 8 11
900 0 0 0 0 0 1 1 2 3 4 6 8

1000 0 0 0 0 0 1 1 1 3 3 5 8
XHHW, 8 1 4 7 12 17 29 42 65 88 114 181 260
XHHW-2 6 1 3 5 9 13 21 31 48 65 85 134 193

4 1 1 3 6 9 15 22 35 47 61 98 140
2 1 1 2 5 6 11 16 25 34 44 70 100
1 1 1 1 3 5 8 12 19 25 33 53 75

1/0 0 1 1 3 4 7 10 16 22 28 45 64
2/0 0 1 1 2 3 6 8 13 18 24 38 54
3/0 0 1 1 1 3 5 7 11 15 19 31 44
4/0 0 0 1 1 2 4 6 9 12 16 26 37
250 0 0 1 1 1 3 5 7 10 13 21 30
300 0 0 1 1 1 3 4 6 8 11 17 25
350 0 0 1 1 1 2 3 5 7 10 15 22
400 0 0 0 1 1 1 3 5 7 9 14 20
500 0 0 0 1 1 1 2 4 5 7 11 17
600 0 0 0 1 1 1 1 3 4 6 9 13
700 0 0 0 0 1 1 1 3 4 5 8 12
750 0 0 0 0 1 1 1 2 3 5 7 11
900 0 0 0 0 1 1 1 2 3 4 6 8

1000 0 0 0 0 0 1 1 1 3 3 6 8

Definition: Compact stranding is the result of a manufacturing process where the standard conductor
is compressed to the extent that the interstices (voids between strand wires) are virtually eliminated.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.10 Maximum Number of Conductors or Fixture Wires in Rigid PVC Conduit,
Schedule 40 and HDPE Conduit (Based on Table 1, Chapter 9)

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103 129 155

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4) (5) (6)

RHH, RHW, 14 4 7 11 20 27 45 64 99 133 171 269 390
RHW-2 12 3 5 9 16 22 37 53 82 110 142 224 323

10 2 4 7 13 18 30 43 66 89 115 181 261
8 1 2 4 7 9 15 22 35 46 60 94 137
6 1 1 3 5 7 12 18 28 37 48 76 109
4 1 1 2 4 6 10 14 22 29 37 59 85
3 1 1 1 4 5 8 12 19 25 33 52 75
2 1 1 1 3 4 7 10 16 22 28 45 65
1 0 1 1 1 3 5 7 11 14 19 29 43

1/0 0 1 1 1 2 4 6 9 13 16 26 37
2/0 0 0 1 1 1 3 5 8 11 14 22 32
3/0 0 0 1 1 1 3 4 7 9 12 19 28
4/0 0 0 1 1 1 2 4 6 8 10 16 24
250 0 0 0 1 1 1 3 4 6 8 12 18
300 0 0 0 1 1 1 2 4 5 7 11 16
350 0 0 0 1 1 1 2 3 5 6 10 14
400 0 0 0 1 1 1 1 3 4 6 9 13
500 0 0 0 0 1 1 1 3 4 5 8 11
600 0 0 0 0 1 1 1 2 3 4 6 9
700 0 0 0 0 0 1 1 1 3 3 6 8
750 0 0 0 0 0 1 1 1 2 3 5 8
800 0 0 0 0 0 1 1 1 2 3 5 7
900 0 0 0 0 0 1 1 1 2 3 5 7

1000 0 0 0 0 0 1 1 1 1 3 4 6
1250 0 0 0 0 0 0 1 1 1 1 3 5
1500 0 0 0 0 0 0 1 1 1 1 3 4
1750 0 0 0 0 0 0 1 1 1 1 2 3
2000 0 0 0 0 0 0 0 1 1 1 2 3

TW 14 8 14 24 42 57 94 135 209 280 361 568 822
12 6 11 18 32 44 72 103 160 215 277 436 631
10 4 8 13 24 32 54 77 119 160 206 325 470

8 2 4 7 13 18 30 43 66 89 115 181 261

RHH*, RHW*, 14 5 9 16 28 38 63 90 139 186 240 378 546
RHW-2*,
THHW, THW,
THW-2

RHH*, RHW*, 12 4 8 12 22 30 50 72 112 150 193 304 439
RHW-2*, 10 3 6 10 17 24 39 56 87 117 150 237 343
THHW, THW

RHH*, RHW*, 8 1 3 6 10 14 23 33 52 70 90 142 205
RHW-2*,
THHW, THW,
THW-2
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.10 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103 129 155

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4) (5) (6)

RHH*, 6 1 2 4 8 11 18 26 40 53 69 109 157
RHW*, 4 1 1 3 6 8 13 19 30 40 51 81 117
RHW-2* TW, 3 1 1 3 5 7 11 16 25 34 44 69 100
THW, THHW, 2 1 1 2 4 6 10 14 22 29 37 59 85
THW-2 1 0 1 1 3 4 7 10 15 20 26 41 60

1/0 0 1 1 2 3 6 8 13 17 22 35 51
2/0 0 1 1 1 3 5 7 11 15 19 30 43
3/0 0 1 1 1 2 4 6 9 12 16 25 36
4/0 0 0 1 1 1 3 5 8 10 13 21 30
250 0 0 1 1 1 3 4 6 8 11 17 25
300 0 0 1 1 1 2 3 5 7 9 15 21
350 0 0 0 1 1 1 3 5 6 8 13 19
400 0 0 0 1 1 1 3 4 6 7 12 17
500 0 0 0 1 1 1 2 3 5 6 10 14
600 0 0 0 0 1 1 1 3 4 5 8 11
700 0 0 0 0 1 1 1 2 3 4 7 10
750 0 0 0 0 1 1 1 2 3 4 6 10
800 0 0 0 0 1 1 1 2 3 4 6 9
900 0 0 0 0 0 1 1 1 3 3 6 8

1000 0 0 0 0 0 1 1 1 2 3 5 7
1250 0 0 0 0 0 1 1 1 1 2 4 6
1500 0 0 0 0 0 1 1 1 1 1 3 5
1750 0 0 0 0 0 0 1 1 1 1 3 4
2000 0 0 0 0 0 0 1 1 1 1 3 4

THHN, 14 11 21 34 60 82 135 193 299 401 517 815 1178
THWN, 12 8 15 25 43 59 99 141 218 293 377 594 859
THWN-2 10 5 9 15 27 37 62 89 137 184 238 374 541

8 3 5 9 16 21 36 51 79 106 137 216 312
6 1 4 6 11 15 26 37 57 77 99 156 225
4 1 2 4 7 9 16 22 35 47 61 96 138
3 1 1 3 6 8 13 19 30 40 51 81 117
2 1 1 3 5 7 11 16 25 33 43 68 98
1 1 1 1 3 5 8 12 18 25 32 50 73

1/0 1 1 1 3 4 7 10 15 21 27 42 61
2/0 0 1 1 2 3 6 8 13 17 22 35 51
3/0 0 1 1 1 3 5 7 11 14 18 29 42
4/0 0 1 1 1 2 4 6 9 12 15 24 35
250 0 0 1 1 1 3 4 7 10 12 20 28
300 0 0 1 1 1 3 4 6 8 11 17 24
350 0 0 1 1 1 2 3 5 7 9 15 21
400 0 0 0 1 1 1 3 5 6 8 13 19
500 0 0 0 1 1 1 2 4 5 7 11 16
600 0 0 0 1 1 1 1 3 4 5 9 13
700 0 0 0 0 1 1 1 3 4 5 8 11
750 0 0 0 0 1 1 1 2 3 4 7 11
800 0 0 0 0 1 1 1 2 3 4 7 10
900 0 0 0 0 1 1 1 2 3 4 6 9

1000 0 0 0 0 0 1 1 1 3 3 6 8

(Continues)
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.10 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103 129 155

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4) (5) (6)

FEP, FEPB, 14 11 20 33 58 79 131 188 290 389 502 790 1142
PFA, PFAH, 12 8 15 24 42 58 96 137 212 284 366 577 834
TFE 10 6 10 17 30 41 69 98 152 204 263 414 598

8 3 6 10 17 24 39 56 87 117 150 237 343
6 2 4 7 12 17 28 40 62 83 107 169 244
4 1 3 5 8 12 19 28 43 58 75 118 170
3 1 2 4 7 10 16 23 36 48 62 98 142
2 1 1 3 6 8 13 19 30 40 51 81 117

PFA, PFAH, 1 1 1 2 4 5 9 13 20 28 36 56 81
TFE

PFA, PFAH, 1/0 1 1 1 3 4 8 11 17 23 30 47 68
TFE, Z 2/0 0 1 1 3 4 6 9 14 19 24 39 56

3/0 0 1 1 2 3 5 7 12 16 20 32 46
4/0 0 1 1 1 2 4 6 9 13 16 26 38

Z 14 13 24 40 70 95 158 226 350 469 605 952 1376
12 9 17 28 49 68 112 160 248 333 429 675 976
10 6 10 17 30 41 69 98 152 204 263 414 598
8 3 6 11 19 26 43 62 96 129 166 261 378
6 2 4 7 13 18 30 43 67 90 116 184 265
4 1 3 5 9 12 21 30 46 62 80 126 183
3 1 2 4 6 9 15 22 34 45 58 92 133
2 1 1 3 5 7 12 18 28 38 49 77 111
1 1 1 2 4 6 10 14 23 30 39 62 90

XHH, XHHW, 14 8 14 24 42 57 94 135 209 280 361 568 822
XHHW-2, ZW 12 6 11 18 32 44 72 103 160 215 277 436 631

10 4 8 13 24 32 54 77 119 160 206 325 470
8 2 4 7 13 18 30 43 66 89 115 181 261
6 1 3 5 10 13 22 32 49 66 85 134 193
4 1 2 4 7 9 16 23 35 48 61 97 140
3 1 1 3 6 8 13 19 30 40 52 82 118
2 1 1 3 5 7 11 16 25 34 44 69 99

XHH, XHHW, 1 1 1 1 3 5 8 12 19 25 32 51 74
XHHW-2 1/0 1 1 1 3 4 7 10 16 21 27 43 62

2/0 0 1 1 2 3 6 8 13 17 23 36 52
3/0 0 1 1 1 3 5 7 11 14 19 30 43
4/0 0 1 1 1 2 4 6 9 12 15 24 35
250 0 0 1 1 1 3 5 7 10 13 20 29
300 0 0 1 1 1 3 4 6 8 11 17 25
350 0 0 1 1 1 2 3 5 7 9 15 22
400 0 0 0 1 1 1 3 5 6 8 13 19
500 0 0 0 1 1 1 2 4 5 7 11 16
600 0 0 0 1 1 1 1 3 4 5 9 13
700 0 0 0 0 1 1 1 3 4 5 8 11
750 0 0 0 0 1 1 1 2 3 4 7 11
800 0 0 0 0 1 1 1 2 3 4 7 10
900 0 0 0 0 1 1 1 2 3 4 6 9

1000 0 0 0 0 0 1 1 1 3 3 6 8
1250 0 0 0 0 0 1 1 1 1 3 4 6
1500 0 0 0 0 0 1 1 1 1 2 4 5
1750 0 0 0 0 0 0 1 1 1 1 3 5
2000 0 0 0 0 0 0 1 1 1 1 3 4
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.10 Continued

FIXTURE WIRES

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2)

FFH-2, RFH-2, 18 8 14 23 40 54 90
RFHH-3 16 6 12 19 33 46 76
SF-2, SFF-2 18 10 17 29 50 69 114

16 8 14 24 42 57 94
14 6 12 19 33 46 76

SF-1, SFF-1 18 17 31 51 89 122 202
RFHH-2, TF, TFF, 18 13 23 38 66 90 149
XF, XFF RFH-1,
RFHH-2, TF, TFF, 16 10 18 30 53 73 120
XF, XFF
XF, XFF 14 8 14 24 42 57 94
TFN, TFFN 18 20 37 60 105 144 239

16 16 28 46 80 110 183
PF, PFF, PGF, 18 19 35 57 100 137 227
PGFF, PAF, PTF, 16 15 27 44 77 106 175
PTFF, PAFF 14 11 20 33 58 79 131
HF, HFF, ZF, ZFF, 18 25 45 74 129 176 292
ZHF 16 18 33 54 95 130 216

14 13 24 40 70 95 158
KF-2, KFF-2 18 36 65 107 187 256 424

16 26 46 75 132 180 299
14 17 31 52 90 124 205
12 12 22 35 62 85 141
10 8 14 24 42 57 94

KF-1, KFF-1 18 43 78 128 223 305 506
16 30 55 90 157 214 355
14 20 37 60 105 144 239
12 13 24 40 70 95 158
10 9 16 26 45 62 103

XF, XFF 12 4 8 12 22 30 50
10 3 6 10 17 24 39

Notes:
1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.10(A)
should be used.
2. Two-hour fire-rated RHH cable has ceramifiable insulation which has much larger diameters than
other RHH wires.
Consult manufacturer’s conduit fill tables.
*Types RHH, RHW, and RHW-2 without outer covering.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.10(A) Maximum Number of Compact Conductors in Rigid PVC Conduit, Schedule
40 and HDPE Conduit (Based on Table 1, Chapter 9)

COMPACT CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103 129 155

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4) (5) (6)

THW, THW-2, 8 1 4 6 11 15 26 37 57 76 98 155 224
THHW 6 1 3 5 9 12 20 28 44 59 76 119 173

4 1 1 3 6 9 15 21 33 44 57 89 129
2 1 1 2 5 6 11 15 24 32 42 66 95
1 1 1 1 3 4 7 11 17 23 29 46 67

1/0 0 1 1 3 4 6 9 15 20 25 40 58
2/0 0 1 1 2 3 5 8 12 16 21 34 49
3/0 0 1 1 1 3 5 7 10 14 18 29 42
4/0 0 1 1 1 2 4 5 9 12 15 24 35
250 0 0 1 1 1 3 4 7 9 12 19 27
300 0 0 1 1 1 2 4 6 8 10 16 24
350 0 0 1 1 1 2 3 5 7 9 15 21
400 0 0 0 1 1 1 3 5 6 8 13 19
500 0 0 0 1 1 1 2 4 5 7 11 16
600 0 0 0 1 1 1 1 3 4 5 9 13
700 0 0 0 0 1 1 1 3 4 5 8 12
750 0 0 0 0 1 1 1 2 3 5 7 11
900 0 0 0 0 1 1 1 2 3 4 6 9

1000 0 0 0 0 1 1 1 1 3 4 6 9
THHN, 8 — — — — — — — — — — — —
THWN, 6 2 4 7 13 17 29 41 64 86 111 175 253
THWN-2 4 1 2 4 8 11 18 25 40 53 68 108 156

2 1 1 3 5 8 13 18 28 38 49 77 112
1 1 1 2 4 6 9 14 21 29 37 58 84

1/0 1 1 1 3 5 8 12 18 24 31 49 72
2/0 0 1 1 3 4 7 9 15 20 26 41 59
3/0 0 1 1 2 3 5 8 12 17 22 34 50
4/0 0 1 1 1 3 4 6 10 14 18 28 41
250 0 0 1 1 1 3 5 8 11 14 22 32
300 0 0 1 1 1 3 4 7 9 12 19 28
350 0 0 1 1 1 3 4 6 8 10 17 24
400 0 0 1 1 1 2 3 5 7 9 15 22
500 0 0 0 1 1 1 3 4 6 8 13 18
600 0 0 0 1 1 1 2 4 5 6 10 15
700 0 0 0 1 1 1 1 3 4 5 9 13
750 0 0 0 1 1 1 1 3 4 5 8 12
900 0 0 0 0 1 1 1 2 3 4 6 9

1000 0 0 0 0 1 1 1 2 3 4 6 9
XHHW, 8 3 5 8 14 20 33 47 73 99 127 200 290
XHHW-2 6 1 4 6 11 15 25 35 55 73 94 149 215

4 1 2 4 8 11 18 25 40 53 68 108 156
2 1 1 3 5 8 13 18 28 38 49 77 112
1 1 1 2 4 6 9 14 21 29 37 58 84

1/0 1 1 1 3 5 8 12 18 24 31 49 72
2/0 1 1 1 3 4 7 10 15 20 26 42 60
3/0 0 1 1 2 3 5 8 12 17 22 34 50
4/0 0 1 1 1 3 5 7 10 14 18 29 42
250 0 0 1 1 1 4 5 8 11 14 23 33
300 0 0 1 1 1 3 4 7 9 12 19 28
350 0 0 1 1 1 3 4 6 8 11 17 25
400 0 0 1 1 1 2 3 5 7 10 15 22
500 0 0 0 1 1 1 3 4 6 8 13 18
600 0 0 0 1 1 1 2 4 5 6 10 15
700 0 0 0 1 1 1 1 3 4 5 9 13
750 0 0 0 1 1 1 1 3 4 5 8 12
900 0 0 0 0 1 1 1 2 3 4 6 9

1000 0 0 0 0 1 1 1 2 3 4 6 9

Definition: Compact stranding is the result of a manufacturing process where the standard conductor
is compressed to the extent that the interstices (voids between strand wires) are virtually eliminated.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.11 Maximum Number of Conductors or Fixture Wires in Type A, Rigid PVC
Conduit (Based on Table 1, Chapter 9)

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4)

RHH, RHW, 14 5 9 15 24 31 49 74 112 146 187
RHW-2 12 4 7 12 20 26 41 61 93 121 155

10 3 6 10 16 21 33 50 75 98 125
8 1 3 5 8 11 17 26 39 51 65
6 1 2 4 6 9 14 21 31 41 52
4 1 1 3 5 7 11 16 24 32 41
3 1 1 3 4 6 9 14 21 28 36
2 1 1 2 4 5 8 12 18 24 31
1 0 1 1 2 3 5 8 12 16 20

1/0 0 1 1 2 3 5 7 10 14 18
2/0 0 1 1 1 2 4 6 9 12 15
3/0 0 1 1 1 1 3 5 8 10 13
4/0 0 0 1 1 1 3 4 7 9 11
250 0 0 1 1 1 1 3 5 7 8
300 0 0 1 1 1 1 3 4 6 7
350 0 0 0 1 1 1 2 4 5 7
400 0 0 0 1 1 1 2 4 5 6
500 0 0 0 1 1 1 1 3 4 5
600 0 0 0 0 1 1 1 2 3 4
700 0 0 0 0 1 1 1 2 3 4
750 0 0 0 0 1 1 1 1 3 4
800 0 0 0 0 1 1 1 1 3 3
900 0 0 0 0 0 1 1 1 2 3

1000 0 0 0 0 0 1 1 1 2 3
1250 0 0 0 0 0 1 1 1 1 2
1500 0 0 0 0 0 0 1 1 1 1
1750 0 0 0 0 0 0 1 1 1 1
2000 0 0 0 0 0 0 1 1 1 1

TW 14 11 18 31 51 67 105 157 235 307 395
12 8 14 24 39 51 80 120 181 236 303
10 6 10 18 29 38 60 89 135 176 226

8 3 6 10 16 21 33 50 75 98 125

RHH*, RHW*, 14 7 12 20 34 44 70 104 157 204 262
RHW-2*,
THHW, THW,
THW-2

RHH*, RHW*, 12 6 10 16 27 35 56 84 126 164 211
RHW-2*, 10 4 8 13 21 28 44 65 98 128 165
THHW, THW

RHH*, RHW*, 8 2 4 8 12 16 26 39 59 77 98
RHW-2*,
THHW, THW,
THW-2

RHH*, RHW*, 6 1 3 6 9 13 20 30 45 59 75
RHW-2*, TW,
THHW, THW,
THW-2

(Continues)
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.11 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4)

RHH*, RHW*, 4 1 2 4 7 9 15 22 33 44 56
RHW-2*, TW, 3 1 1 4 6 8 13 19 29 37 48
THW, THHW, 2 1 1 3 5 7 11 16 24 32 41
THW-2 1 1 1 1 3 5 7 11 17 22 29

1/0 1 1 1 3 4 6 10 14 19 24
2/0 0 1 1 2 3 5 8 12 16 21
3/0 0 1 1 1 3 4 7 10 13 17
4/0 0 1 1 1 2 4 6 9 11 14
250 0 0 1 1 1 3 4 7 9 12
300 0 0 1 1 1 2 4 6 8 10
350 0 0 1 1 1 2 3 5 7 9
400 0 0 1 1 1 1 3 5 6 8
500 0 0 0 1 1 1 2 4 5 7
600 0 0 0 1 1 1 1 3 4 5
700 0 0 0 1 1 1 1 3 4 5
750 0 0 0 1 1 1 1 3 3 4
800 0 0 0 0 1 1 1 2 3 4
900 0 0 0 0 1 1 1 2 3 4

1000 0 0 0 0 1 1 1 1 3 3
1250 0 0 0 0 0 1 1 1 1 3
1500 0 0 0 0 0 1 1 1 1 2
1750 0 0 0 0 0 0 1 1 1 1
2000 0 0 0 0 0 0 1 1 1 1

THHN, 14 16 27 44 73 96 150 225 338 441 566
THWN, 12 11 19 32 53 70 109 164 246 321 412
THWN-2 10 7 12 20 33 44 69 103 155 202 260

8 4 7 12 19 25 40 59 89 117 150
6 3 5 8 14 18 28 43 64 84 108
4 1 3 5 8 11 17 26 39 52 66
3 1 2 4 7 9 15 22 33 44 56
2 1 1 3 6 8 12 19 28 37 47
1 1 1 2 4 6 9 14 21 27 35

1/0 1 1 2 4 5 8 11 17 23 29
2/0 1 1 1 3 4 6 10 14 19 24
3/0 0 1 1 2 3 5 8 12 16 20
4/0 0 1 1 1 3 4 6 10 13 17
250 0 1 1 1 2 3 5 8 10 14
300 0 0 1 1 1 3 4 7 9 12
350 0 0 1 1 1 2 4 6 8 10
400 0 0 1 1 1 2 3 5 7 9
500 0 0 1 1 1 1 3 4 6 7
600 0 0 0 1 1 1 2 3 5 6
700 0 0 0 1 1 1 1 3 4 5
750 0 0 0 1 1 1 1 3 4 5
800 0 0 0 1 1 1 1 3 4 5
900 0 0 0 0 1 1 1 2 3 4

1000 0 0 0 0 1 1 1 2 3 4
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.11 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4)

FEP, FEPB, 14 15 26 43 70 93 146 218 327 427 549
PFA, PFAH, 12 11 19 31 51 68 106 159 239 312 400
TFE 10 8 13 22 37 48 76 114 171 224 287

8 4 8 13 21 28 44 65 98 128 165
6 3 5 9 15 20 31 46 70 91 117
4 1 4 6 10 14 21 32 49 64 82
3 1 3 5 8 11 18 27 40 53 68
2 1 2 4 7 9 15 22 33 44 56

PFA, PFAH, 1 1 1 3 5 6 10 15 23 30 39
TFE

PFA, PFAH, 1/0 1 1 2 4 5 8 13 19 25 32
TFE, Z 2/0 1 1 1 3 4 7 10 16 21 27

3/0 1 1 1 3 3 6 9 13 17 22
4/0 0 1 1 2 3 5 7 11 14 18

Z 14 18 31 52 85 112 175 263 395 515 661
12 13 22 37 60 79 124 186 280 365 469
10 8 13 22 37 48 76 114 171 224 287
8 5 8 14 23 30 48 72 108 141 181
6 3 6 10 16 21 34 50 76 99 127
4 2 4 7 11 15 23 35 52 68 88
3 1 3 5 8 11 17 25 38 50 64
2 1 2 4 7 9 14 21 32 41 53
1 1 1 3 5 7 11 17 26 33 43

XHH, 14 11 18 31 51 67 105 157 235 307 395
XHHW, 12 8 14 24 39 51 80 120 181 236 303
XHHW-2, 10 6 10 18 29 38 60 89 135 176 226
ZW 8 3 6 10 16 21 33 50 75 98 125

6 2 4 7 12 15 24 37 55 72 93
4 1 3 5 8 11 18 26 40 52 67
3 1 2 4 7 9 15 22 34 44 57
2 1 1 3 6 8 12 19 28 37 48

XHH, 1 1 1 3 4 6 9 14 21 28 35
XHHW, 1/0 1 1 2 4 5 8 12 18 23 30
XHHW-2 2/0 1 1 1 3 4 6 10 15 19 25

3/0 0 1 1 2 3 5 8 12 16 20
4/0 0 1 1 1 3 4 7 10 13 17
250 0 1 1 1 2 3 5 8 11 14
300 0 0 1 1 1 3 5 7 9 12
350 0 0 1 1 1 3 4 6 8 10
400 0 0 1 1 1 2 3 5 7 9
500 0 0 1 1 1 1 3 4 6 8
600 0 0 0 1 1 1 2 3 5 6
700 0 0 0 1 1 1 1 3 4 5
750 0 0 0 1 1 1 1 3 4 5
800 0 0 0 1 1 1 1 3 4 5
900 0 0 0 0 1 1 1 2 3 4

1000 0 0 0 0 1 1 1 2 3 4
1250 0 0 0 0 0 1 1 1 2 3
1500 0 0 0 0 0 1 1 1 1 2
1750 0 0 0 0 0 1 1 1 1 2
2000 0 0 0 0 0 0 1 1 1 1

(Continues)
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.11 Continued

FIXTURE WIRES

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2)

FFH-2, RFH-2, 18 10 18 30 48 64 100
RFHH-3 16 9 15 25 41 54 85
SF-2, SFF-2 18 13 22 37 61 81 127

16 11 18 31 51 67 105
14 9 15 25 41 54 85

SF-1, SFF-1 18 23 40 66 108 143 224
RFH-1, RFHH-2, 18 17 29 49 80 105 165
TF, TFF, XF, XFF
RFHH-2, TF, TFF, 16 14 24 39 65 85 134
XF, XFF
XF, XFF 14 11 18 31 51 67 105
TFN, TFFN 18 28 47 79 128 169 265

16 21 36 60 98 129 202
PF, PFF, PGF, 18 26 45 74 122 160 251
PGFF, PAF, PTF, 16 20 34 58 94 124 194
PTFF, PAFF 14 15 26 43 70 93 146
HF, HFF, ZF, ZFF, 18 34 58 96 157 206 324
ZHF 16 25 42 71 116 152 239

14 18 31 52 85 112 175
KF-2, KFF-2 18 49 84 140 228 300 470

16 35 59 98 160 211 331
14 24 40 67 110 145 228
12 16 28 46 76 100 157
10 11 18 31 51 67 105

KF-1, KFF-1 18 59 100 167 272 357 561
16 41 70 117 191 251 394
14 28 47 79 128 169 265
12 18 31 52 85 112 175
10 12 20 34 55 73 115

XF, XFF 12 6 10 16 27 35 56
10 4 8 13 21 28 44

Notes:
1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.11(A)
should be used.
2. Two-hour fire-rated RHH cable has ceramifiable insulation which has much larger diameters than
other RHH wires.
Consult manufacturer’s conduit fill tables.
*Types RHH, RHW, and RWH-2 without outer covering.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.11(A) Maximum Number of Compact Conductors in Type A, Rigid PVC Conduit
(Based on Table 1, Chapter 9)

COMPACT CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 16 21 27 35 41 53 63 78 91 103

Type kcmil) (1⁄2) (3⁄4) (1) (11⁄4) (11⁄2) (2) (21⁄2) (3) (31⁄2) (4)

THW, 8 3 5 8 14 18 28 42 64 84 107
THW-2, 6 2 4 6 10 14 22 33 49 65 83
THHW 4 1 3 5 8 10 16 24 37 48 62

2 1 1 3 6 7 12 18 27 36 46
1 1 1 2 4 5 8 13 19 25 32

1/0 1 1 1 3 4 7 11 16 21 28
2/0 1 1 1 3 4 6 9 14 18 23
3/0 0 1 1 2 3 5 8 12 15 20
4/0 0 1 1 1 3 4 6 10 13 17
250 0 1 1 1 1 3 5 8 10 13
300 0 0 1 1 1 3 4 7 9 11
350 0 0 1 1 1 2 4 6 8 10
400 0 0 1 1 1 2 3 5 7 9
500 0 0 1 1 1 1 3 4 6 8
600 0 0 0 1 1 1 2 3 5 6
700 0 0 0 1 1 1 1 3 4 5
750 0 0 0 1 1 1 1 3 4 5
900 0 0 0 0 1 1 2 2 3 4

1000 0 0 0 0 1 1 1 2 3 4
THHN, 8 — — — — — — — — — —
THWN, 6 3 5 9 15 20 32 48 72 94 121
THWN-2 4 1 3 6 9 12 20 30 45 58 75

2 1 2 4 7 9 14 21 32 42 54
1 1 1 3 5 7 10 16 24 31 40

1/0 1 1 2 4 6 9 13 20 27 34
2/0 1 1 1 3 5 7 11 17 22 28
3/0 1 1 1 3 4 6 9 14 18 24
4/0 0 1 1 2 3 5 8 11 15 19
250 0 1 1 1 2 4 6 9 12 15
300 0 1 1 1 1 3 5 8 10 13
350 0 0 1 1 1 3 4 7 9 11
400 0 0 1 1 1 2 4 6 8 10
500 0 0 1 1 1 2 3 5 7 9
600 0 0 0 1 1 1 3 4 5 7
700 0 0 0 1 1 1 2 3 5 6
750 0 0 0 1 1 1 2 3 4 6
900 0 0 0 1 1 1 2 3 4 5

1000 0 0 0 0 1 1 1 2 3 4
XHHW, 8 4 6 11 18 23 37 55 83 108 139
XHHW-2 6 3 5 8 13 17 27 41 62 80 103

4 1 3 6 9 12 20 30 45 58 75
2 1 2 4 7 9 14 21 32 42 54
1 1 1 3 5 7 10 16 24 31 40

1/0 1 1 2 4 6 9 13 20 27 34
2/0 1 1 1 3 5 7 11 17 22 29
3/0 1 1 1 3 4 6 9 14 18 24
4/0 0 1 1 2 3 5 8 12 15 20
250 0 1 1 1 2 4 6 9 12 16
300 0 1 1 1 1 3 5 8 10 13
350 0 0 1 1 1 3 5 7 9 12
400 0 0 1 1 1 3 4 6 8 11
500 0 0 1 1 1 2 3 5 7 9
600 0 0 0 1 1 1 3 4 5 7
700 0 0 0 1 1 1 2 3 5 6
750 0 0 0 1 1 1 2 3 4 6
900 0 0 0 1 1 1 2 3 4 5

1000 0 0 0 0 1 1 1 2 3 4

Definition: Compact stranding is the result of a manufacturing process where the standard conductor
is compressed to the extent that the interstices (voids between strand wires) are virtually eliminated.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.12 Maximum Number of Conductors in Type EB, PVC Conduit (Based on Table
1, Chapter 9)

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 53 78 91 103 129 155

Type kcmil) (2) (3) (31⁄2) (4) (5) (6)

RHH, RHW, 14 53 119 155 197 303 430
RHW-2 12 44 98 128 163 251 357

10 35 79 104 132 203 288
8 18 41 54 69 106 151
6 15 33 43 55 85 121
4 11 26 34 43 66 94
3 10 23 30 38 58 83
2 9 20 26 33 50 72
1 6 13 17 21 33 47

1/0 5 11 15 19 29 41
2/0 4 10 13 16 25 36
3/0 4 8 11 14 22 31
4/0 3 7 9 12 18 26
250 2 5 7 9 14 20
300 1 5 6 8 12 17
350 1 4 5 7 11 16
400 1 4 5 6 10 14
500 1 3 4 5 9 12
600 1 3 3 4 7 10
700 1 2 3 4 6 9
750 1 2 3 4 6 9
800 1 2 3 4 6 8
900 1 1 2 3 5 7

1000 1 1 2 3 5 7
1250 1 1 1 2 3 5
1500 0 1 1 1 3 4
1750 0 1 1 1 3 4
2000 0 1 1 1 2 3

TW 14 111 250 327 415 638 907
12 85 192 251 319 490 696
10 63 143 187 238 365 519

8 35 79 104 132 203 288
RHH*, RHW*, 14 74 166 217 276 424 603
RHW-2*, THHW,
THW, THW-2
RHH*, RHW*, 12 59 134 175 222 341 485
RHW-2*, THHW, 10 46 104 136 173 266 378
THW
RHH*, RHW*, 8 28 62 81 104 159 227
RHW-2*, THHW,
THW, THW-2
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.12 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 53 78 91 103 129 155

Type kcmil) (2) (3) (31⁄2) (4) (5) (6)

RHH*, RHW*, 6 21 48 62 79 122 173
RHW-2*, TW, 4 16 36 46 59 91 129
THW, THHW, 3 13 30 40 51 78 111
THW-2 2 11 26 34 43 66 94

1 8 18 24 30 46 66
1/0 7 15 20 26 40 56
2/0 6 13 17 22 34 48
3/0 5 11 14 18 28 40
4/0 4 9 12 15 24 34
250 3 7 10 12 19 27
300 3 6 8 11 17 24
350 2 6 7 9 15 21
400 2 5 7 8 13 19
500 1 4 5 7 11 16
600 1 3 4 6 9 13
700 1 3 4 5 8 11
750 1 3 4 5 7 11
800 1 3 3 4 7 10
900 1 2 3 4 6 9

1000 1 2 3 4 6 8
1250 1 1 2 3 4 6
1500 1 1 1 2 4 6
1750 1 1 1 2 3 5
2000 0 1 1 1 3 4

THHN, THWN, 14 159 359 468 595 915 1300
THWN-2 12 116 262 342 434 667 948

10 73 165 215 274 420 597
8 42 95 124 158 242 344
6 30 68 89 114 175 248
4 19 42 55 70 107 153
3 16 36 46 59 91 129
2 13 30 39 50 76 109
1 10 22 29 37 57 80

1/0 8 18 24 31 48 68
2/0 7 15 20 26 40 56
3/0 5 13 17 21 33 47
4/0 4 10 14 18 27 39
250 4 8 11 14 22 31
300 3 7 10 12 19 27
350 3 6 8 11 17 24
400 2 6 7 10 15 21
500 1 5 6 8 12 18
600 1 4 5 6 10 14
700 1 3 4 6 9 12
750 1 3 4 5 8 12
800 1 3 4 5 8 11
900 1 3 3 4 7 10

1000 1 2 3 4 6 9

(Continues)
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.12 Continued

CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 53 78 91 103 129 155

Type kcmil) (2) (3) (31⁄2) (4) (5) (6)

FEP, FEPB, PFA, 14 155 348 454 578 888 1261
PFAH, TFE 12 113 254 332 422 648 920

10 81 182 238 302 465 660
8 46 104 136 173 266 378
6 33 74 97 123 189 269
4 23 52 68 86 132 188
3 19 43 56 72 110 157
2 16 36 46 59 91 129

PFA, PFAH, TFE 1 11 25 32 41 63 90
PFA, PFAH, 1/0 9 20 27 34 53 75
TFE, Z 2/0 7 17 22 28 43 62

3/0 6 14 18 23 36 51
4/0 5 11 15 19 29 42

Z 14 186 419 547 696 1069 1519
12 132 297 388 494 759 1078
10 81 182 238 302 465 660
8 51 115 150 191 294 417
6 36 81 105 134 206 293
4 24 55 72 92 142 201
3 18 40 53 67 104 147
2 15 34 44 56 86 122
1 12 27 36 45 70 99

XHH, XHHW, 14 111 250 327 415 638 907
XHHW-2, ZW 12 85 192 251 319 490 696

10 63 143 187 238 365 519
8 35 79 104 132 203 288
6 26 59 77 98 150 213
4 19 42 56 71 109 155
3 16 36 47 60 92 131
2 13 30 39 50 77 110

XHH, XHHW, 1 10 22 29 37 58 82
XHHW-2 1/0 8 19 25 31 48 69

2/0 7 16 20 26 40 57
3/0 6 13 17 22 33 47
4/0 5 11 14 18 27 39
250 4 9 11 15 22 32
300 3 7 10 12 19 28
350 3 6 9 11 17 24
400 2 6 8 10 15 22
500 1 5 6 8 12 18
600 1 4 5 6 10 14
700 1 3 4 6 9 12
750 1 3 4 5 8 12
800 1 3 4 5 8 11
900 1 3 3 4 7 10

1000 1 2 3 4 6 9
1250 1 1 2 3 5 7
1500 1 1 1 3 4 6
1750 1 1 1 2 4 5
2000 0 1 1 1 3 5

Notes:
1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.12(A)
should be used.
2. Two-hour fire-rated RHH cable has ceramifiable insulation which has much larger diameters than
other RHH wires.
Consult manufacturer’s conduit fill tables.
*Types RHH, RHW, and RHW-2 without outer covering.
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Annex C — Conduit and Tubing Fill Tables for Conductors and Fixture Wires of the Same Size

Table C.12(A) Maximum Number of Compact Conductors in Type EB, PVC Conduit
(Based on Table 1, Chapter 9)

COMPACT CONDUCTORS

Metric Designator (Trade Size)
Conductor
Size (AWG/ 53 78 91 103 129 155

Type kcmil) (2) (3) (31⁄2) (4) (5) (6)

THW, THW-2, 8 30 68 89 113 174 247
THHW 6 23 52 69 87 134 191

4 17 39 51 65 100 143
2 13 29 38 48 74 105
1 9 20 26 34 52 74

1/0 8 17 23 29 45 64
2/0 6 15 19 24 38 54
3/0 5 12 16 21 32 46
4/0 4 10 14 17 27 38
250 3 8 11 14 21 30
300 3 7 9 12 19 26
350 3 6 8 11 17 24
400 2 6 7 10 15 21
500 1 5 6 8 12 18
600 1 4 5 6 10 14
700 1 3 4 6 9 13
750 1 3 4 5 8 12
900 1 3 4 5 7 10

1000 1 2 3 4 7 9
THHN, THWN, 8 — — — — — —
THWN-2 6 34 77 100 128 196 279

4 21 47 62 79 121 172
2 15 34 44 57 87 124
1 11 25 33 42 65 93

1/0 9 22 28 36 56 79
2/0 8 18 23 30 46 65
3/0 6 15 20 25 38 55
4/0 5 12 16 20 32 45
250 4 10 13 16 25 35
300 4 8 11 14 22 31
350 3 7 9 12 19 27
400 3 6 8 11 17 24
500 2 5 7 9 14 20
600 1 4 6 7 11 16
700 1 4 5 6 10 14
750 1 4 5 6 9 14
900 1 3 4 5 7 10

1000 1 3 3 4 7 10
XHHW, XHHW-2 8 39 88 115 146 225 320

6 29 65 85 109 167 238
4 21 47 62 79 121 172
2 15 34 44 57 87 124
1 11 25 33 42 65 93

1/0 9 22 28 36 56 79
2/0 8 18 24 30 47 67
3/0 6 15 20 25 38 55
4/0 5 12 16 21 32 46
250 4 10 13 17 26 37
300 4 8 11 14 22 31
350 3 7 10 12 19 28
400 3 7 9 11 17 25
500 2 5 7 9 14 20
600 1 4 6 7 11 16
700 1 4 5 6 10 14
750 1 3 5 6 9 13
900 1 3 4 5 7 10

1000 1 3 4 5 7 10

Definition: Compact stranding is the result of a manufacturing process where the standard conductor
is compressed to the extent that the interstices (voids between strand wires) are virtually eliminated.
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Annex D

Examples

This annex is not a part of the requirements of this NFPA document but is included for informational
purposes only.

0 through 2000 volt (V) ampacity tables of Article 310 and the rules of
Contents 310.15 that pertain to these tables.

Voltage. For uniform application of Articles 210, 215, and 220, aExample D1(a) One-Family Dwelling
nominal voltage of 120, 120/240, 240, and 208Y/120 V is used in calculating

Example D1(b) One-Family Dwelling the ampere load on the conductor.
Example D2(a) Optional Calculation for One-Family Fractions of an Ampere. Except where the calculations result in a

major fraction of an ampere (0.5 or larger), such fractions are permittedDwelling, Heating Larger Than Air
to be dropped.Conditioning

Power Factor. Calculations in the following examples are based, forExample D2(b) Optional Calculation for One-Family
convenience, on the assumption that all loads have the same power factor

Dwelling, Air Conditioning Larger Than (PF).
Heating Ranges. For the calculation of the range loads in these examples,

Column C of Table 220.55 has been used. For optional methods, seeExample D2(c) Optional Calculation for One-Family
Columns A and B of Table 220.55. Except where the calculations resultDwelling with Heat Pump (Single-Phase,
in a major fraction of a kilowatt (0.5 or larger), such fractions are permitted240/120-Volt Service)
to be dropped.

Example D3 Store Building SI Units. For metric conversions, 0.093 m2 = 1 ft2 and 0.3048 m =
Example D3(a) Industrial Feeders in a Common Raceway 1 ft.
Example D4(a) Multifamily Dwelling
Example D4(b) Optional Calculation for Multifamily In the examples in this annex, loads are assumed to be

Dwelling properly balanced on the system. If loads are not properly
Example D5(a) Multifamily Dwelling Served at 208Y/120 balanced, additional feeder capacity may be required. The

Volts, Three Phase calculations are based on the standard method.
Example D5(b) Optional Calculation for Multifamily

Dwelling Served at 208Y/120 Volts, Three
Example D1(a) One-Family DwellingPhase

The dwelling has a floor area of 1500 ft2, exclusive of an unfinished cellarExample D6 Maximum Demand for Range Loads
not adaptable for future use, unfinished attic, and open porches. AppliancesExample D8 Motor Circuit Conductors, Overload
are a 12-kW range and a 5.5-kW, 240-V dryer. Assume range and dryerProtection, and Short-Circuit and Ground-
kW ratings equivalent to kVA ratings in accordance with 220.54 and 220.55.

Fault Protection
Example D9 Feeder Ampacity Determination for

The general lighting and general-use receptacle load is com-Generator Field Control
puted from the outside dimensions of the building, apart-Example D10 Feeder Ampacity Determination for
ment, or other area involved. For a dwelling unit, theAdjustable Speed Drive Control
computed floor area is not to include open porches, garages,Example D11 Mobile Home
or, as stated in the opening paragraph, ‘‘an unfinished cellarExample D12 Park Trailer
not adaptable for future use.’’ A point to consider regarding
this statement is that many of today’s homes with basements

Selection of Conductors. In the following examples, the results are or cellars do have space that is suitable for conversion to
generally expressed in amperes (A). To select conductor sizes, refer to the
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Annex D — Examples

Line A Neutral Line Bfamily rooms, bedrooms, home offices, or other habitable
areas. In such instances, the basement or cellar space suitable Amperes from Example D1(a) 78 61 78
for conversion needs to be included in the general lighting One 230-V air conditioner 6 — 6

One 115-V air conditioner and 120-V 12 10load calculation. See 220.12 and 220.14(J) for requirements
dishwasher 12on how to calculate the lighting and general-use receptacle

One 115-V disposer — 8 8
load for this occupancy. 25% of largest motor (see 430.24) 3 3 2

The two-story dwelling measures 30 ft � 30 ft for the
Total amperes per line 99 84 104

first floor and 30 ft � 20 ft for the second floor.

Therefore, the service would be rated 110 A.First-floor area: 30 ft � 30 ft � 900 ft2

Second-floor area: 30 ft � 20 ft � 600 ft2
The air-conditioning load is calculated at 100 percent and

Total area � 1500 ft2 is calculated separately to comply with the requirements of
220.82(C)(1).

Calculated Load [see 220.40]

General Lighting Load: 1500 ft2 at 3 VA per ft2 = 4500 VA
Example D2(a) Optional Calculation for One-Family

Minimum Number of Branch Circuits Required [see 210.11(A)] Dwelling, Heating Larger Than Air Conditioning
[see 220.82]General Lighting Load: 4500 VA � 120 V = 37.5 A

This requires three 15-A, 2-wire or two 20-A, 2-wire circuits. The dwelling has a floor area of 1500 ft2, exclusive of an unfinished cellar
Small Appliance Load: Two 2-wire, 20-A circuits [see 210.11(C)(1)] not adaptable for future use, unfinished attic, and open porches. It has a
Laundry Load: One 2-wire, 20-A circuit [see 210.11(C)(2)] 12-kW range, a 2.5-kW water heater, a 1.2-kW dishwasher, 9 kW of electric
Bathroom Branch Circuit: One 2-wire, 20-A circuit (no additional load space heating installed in five rooms, a 5-kW clothes dryer, and a 6-A,

calculation is required for this circuit) [see 210.11(C)(3)] 230-V, room air-conditioning unit. Assume range, water heater, dishwasher,
space heating, and clothes dryer kW ratings equivalent to kVA.Minimum Size Feeder Required [see 220.40]
Air Conditioner kVA CalculationGeneral Lighting 4,500 VA

Small Appliance 3,000 VA 6 A � 230 V � 1000 = 1.38 kVA
Laundry 1,500 VA This 1.38 kVA [item 1 from 220.82(C)] is less than 40% of 9 kVA of

Total 9,000 VA separately controlled electric heat [item 6 from 220.82(C)], so the 1.38
kVA need not be included in the service calculation.3000 VA at 100% 3,000 VA

9000 VA – 3000 VA = 6000 VA at 35% 2,100 VA General Load
Net Load 5,100 VA

1500 ft2 at 3 VA 4,500 VA
Range (see Table 220.55) 8,000 VA Two 20-A appliance outlet circuits at 1500 VA each 3,000 VA
Dryer Load (see Table 220.54) 5,500 VA Laundry circuit 1,500 VA

Net Calculated Load 18,600 VA Range (at nameplate rating) 12,000 VA
Water heater 2,500 VANet Calculated Load for 120/240-V, 3-wire, single-phase service or
Dishwasher 1,200 VAfeeder
Clothes dryer 5,000 VA

18,600 VA � 240 V = 77.5 A Total 29,700 VA
Sections 230.42(B) and 230.79 require service conductors and discon-

Application of Demand Factor [see 220.82(B)]
necting means rated not less than 100 amperes.

First 10 kVA of general load at 100% 10,000 VA
Calculation for Neutral for Feeder and Service Remainder of general load at 40%

(19.7 kVA � 0.4) 7,880 VALighting and Small Appliance Load 5,100 VA
Total of general load 17,880 VARange: 8000 VA at 70% (see 220.61) 5,600 VA

9 kVA of heat at 40% (9000 VA � 0.4) = 3,600 VADryer: 5500 VA at 70% (see 220.61) 3,850 VA
Total 21,480 VATotal 14,550 VA

Calculated Load for Service Size
Calculated Load for Neutral

21.48 kVA = 21,480 VA
14,550 VA � 240 V = 60.6 A

21,480 VA � 240 V = 89.5 A

Therefore, the minimum service rating would be 100 A in accordance withExample D1(b) One-Family Dwelling
230.42 and 230.79.

Assume same conditions as Example No. D1(a), plus addition of one 6-
Feeder Neutral Load, per 220.61A, 230-V, room air-conditioning unit and one 12-A, 115-V, room air-

conditioning unit,* one 8-A, 115-V, rated waste disposer, and one 10-A, 1500 ft2 at 3 VA 4,500 VA
Three 20-A circuits at 1500 VA 4,500 VA120-V, rated dishwasher. See Article 430 for general motors and Article 440,

Part VII, for air-conditioning equipment. Motors have nameplate ratings of Total 9,000 VA
3000 VA at 100% 3,000 VA115 V and 230 V for use on 120-V and 240-V nominal voltage systems.

*(For feeder neutral, use larger of the two appliances for unbalance.) 9000 VA � 3000 VA = 6000 VA at 35% 2,100 VA
Subtotal 5,100 VAFrom Example D1(a), feeder current is 78 A (3-wire, 240 V).
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Annex D — Examples

Calculated Load for NeutralRange: 8 kVA at 70% 5,600 VA
Clothes dryer: 5 kVA at 70% 3,500 VA 14,840 VA � 240 V = 61.83 A (use 62 A)
Dishwasher 1,200 VA

Total 15,400 VA Example D2(c) Optional Calculation for One-Family
Dwelling with Heat Pump (Single-Phase, 240/120-VoltCalculated Load for Neutral

Service) (see 220.82)
15,400 VA � 240 V = 64.2 A

The dwelling has a floor area of 2000 ft2, exclusive of an unfinished cellar
Example D2(b) Optional Calculation for One-Family not adaptable for future use, unfinished attic, and open porches. It has a
Dwelling, Air Conditioning Larger Than Heating [see 12-kW range, a 4.5-kW water heater, a 1.2-kW dishwasher, a 5-kW clothes

220.82(A) and 220.82(C)] dryer, and a 21⁄2-ton (24-A) heat pump with 15 kW of backup heat.

The dwelling has a floor area of 1500 ft2, exclusive of an unfinished cellar Heat Pump kVA Calculation
not adaptable for future use, unfinished attic, and open porches. It has two

24 A � 240 V � 1000 = 5.76 kVA20-A small appliance circuits, one 20-A laundry circuit, two 4-kW wall-
This 5.76 kVA is less than 15 kVA of the backup heat; therefore, the heatmounted ovens, one 5.1-kW counter-mounted cooking unit, a 4.5-kW water
pump load need not be included in the service calculation [see 220.82(C)].heater, a 1.2-kW dishwasher, a 5-kW combination clothes washer and dryer,

six 7-A, 230-V room air-conditioning units, and a 1.5-kW permanently General Load
installed bathroom space heater. Assume wall-mounted ovens, counter-

2000 ft2 at 3 VA 6,000 VA
mounted cooking unit, water heater, dishwasher, and combination clothes

Two 20-A appliance outlet circuits at 1500 VA each 3,000 VA
washer and dryer kW ratings equivalent to kVA.

Laundry circuit 1,500 VA
Air Conditioning kVA Calculation Range (at nameplate rating) 12,000 VA

Water heater 4,500 VATotal amperes = 6 units � 7 A = 42 A
Dishwasher 1,200 VA42 A � 240 V � 1000 = 10.08 kVA (assume PF = 1.0)
Clothes dryer 5,000 VA

Load Included at 100% Subtotal general load 33,200 VA
Air Conditioning: Included below [see item 1 in 220.82(C)] First 10 kVA at 100% 10,000 VA
Space Heater: Omit [see item 5 in 220.82(C)] Remainder of general load at 40%

(23,200 VA � 0.4) 9,280 VAGeneral Load
Total net general load 19,280 VA1500 ft2 at 3 VA 4,500 VA

Two 20-A small appliance circuits at 1500 VA each 3,000 VA Heat Pump and Supplementary Heat*
Laundry circuit 1,500 VA 240 V � 24 A = 5760 VA
Two ovens 8,000 VA

15 kW Electric Heat:One cooking unit 5,100 VA
5760 VA � (15,000 VA � 65%) = 5.76 kVAWater heater 4,500 VA

� 9.75 kVA = 15.51 kVADishwasher 1,200 VA
Washer/dryer 5,000 VA *If supplementary heat is not on at same time as heat pump, heat pump

Total general load 32,800 VA kVA need not be added to total.
First 10 kVA at 100% 10,000 VA Totals
Remainder at 40% (22.8 kVA � 0.4 � 1000) 9,120 VA Net general load 19,280 VA

Subtotal general load 19,120 VA Heat pump and supplementary heat 15,510 VA
Air conditioning 10,080 VA Total 34,790 VA

Total 29,200 VA
Calculated Load for Service

Calculated Load for Service
34.79 kVA � 1000 � 240 V = 144.96 A

29,200 VA � 240 V = 122 A (service rating)
Therefore, this dwelling unit would be permitted to be served by a 150-A

Feeder Neutral Load, per 220.61 service.
Assume that the two 4-kVA wall-mounted ovens are supplied by one branch

Example D3 Store Buildingcircuit, the 5.1-kVA counter-mounted cooking unit by a separate circuit.

A store 50 ft by 60 ft, or 3000 ft2, has 30 ft of show window. There are1500 ft2 at 3 VA 4,500 VA
a total of 80 duplex receptacles. The service is 120/240 V, single phase 3-Three 20-A circuits at 1500 VA 4,500 VA
wire service. Actual connected lighting load is 8500 VA.Subtotal 9,000 VA

3000 VA at 100% 3,000 VA Calculated Load (see 220.40)
9000 VA � 3000 VA = 6000 VA at 35% 2,100 VA

Noncontinuous LoadsSubtotal 5,100 VA
Receptacle Load (see 220.44)

Two 4-kVA ovens plus one 5.1-kVA cooking unit = 13.1 kVA. Table
80 receptacles at 180 VA 14,400 VA

220.55 permits 55% demand factor or 13.1 kVA � 0.55 = 7.2 kVA feeder
10,000 VA at 100% 10,000 VA

capacity.
14,400 VA � 10,000 VA = 4400 at 50% 2,200 VA

Subtotal 12,200 VASubtotal from above 5,100 VA
Ovens and cooking unit: 7200 VA � 70% for neutral Continuous Loads

General Lighting*load 5,040 VA
Clothes washer/dryer: 5 kVA � 70% for neutral load 3,500 VA 3000 ft2 at 3 VA per ft2 9,000 VA

Show Window Lighting LoadDishwasher 1,200 VA
Total 14,840 VA 30 ft at 200 VA per ft 6,000 VA
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Outside Sign Circuit [see 220.14(F)] 1,200 VA 45 m (150 ft) and run in the access corridor along with process steam
and control and communications cabling. The steam raises the ambientSubtotal 16,200 VA

Subtotal from noncontinuous 12,200 VA temperature around the power raceway to as much as 35�C. At a tee
fitting, the individual building feeders then run to each of the two buildingsTotal noncontinuous loads �
involved. The feeder neutrals are not connected to the equipment groundingcontinuous loads = 28,400 VA
conductors in the remote buildings. All distribution equipment terminations

*In the example, 125% of the actual connected lighting load (8500 VA �
are listed as being suitable for 75�C connections.

1.25 = 10,625 VA) is less than 125% of the load from Table 220.12, so
Each of the two buildings has the following loads:

the minimum lighting load from Table 220.12 is used in the calculation.
Lighting, 11,600 VA, comprised of electric-discharge luminaires con-Had the actual lighting load been greater than the value calculated from

nected at 277 VTable 220.12, 125% of the actual connected lighting load would have been
Receptacles, 22 125-volt, 20 ampere receptacles on general-purposeused.

branch circuits, supplied by separately derived systems in each of
Minimum Number of Branch Circuits Required

the buildings
General Lighting: Branch circuits need only be installed to supply the 1-Air compressor, 460 volt, three phase, 7.5 hp
actual connected load [see 210.11(B)]. 1-Grinder, 460 volt, three phase, 1.5 hp

8500 VA � 1.25 = 10,625 VA 3-Welders, AC transformer type (nameplate: 23 amperes, 480 volts,
60 percent duty cycle)10,625 VA � 240 V = 44 A for 3-wire, 120/240 V

3-Industrial Process Dryers, 480 volt, three phase, 15 kW each (assumeThe lighting load would be permitted to be served by 2-wire or 3-
continuous use throughout certain shifts)wire, 15- or 20-A circuits with combined capacity equal to 44 A or greater

for 3-wire circuits or 88 A or greater for 2-wire circuits. The feeder capacity Determine the overcurrent protection and conductor size for the feeders in
as well as the number of branch-circuit positions available for lighting the common raceway, assuming the use of XHHW-2 insulation (90�C):
circuits in the panelboard must reflect the full calculated load of 9000 VA Calculated Load {Note: For reasonable precision, volt-ampere calcula-
� 1.25 = 11,250 VA. tions are carried to three significant figures only; where loads are converted

to amperes, the results are rounded to the nearest ampere [see 220.5(B)]}.Show Window

6000 VA � 1.25 = 7500 VA Noncontinuous Loads
Receptacle Load (see 220.44)7500 VA � 240 V = 31 A for 3-wire, 120/240 V
22 receptacles at 180 VA 3,960 VAThe show window lighting is permitted to be served by 2-wire or 3-wire
Welder Load [see 630.11(A), Table 630.11(A)]circuits with a capacity equal to 31 A or greater for 3-wire circuits or 62
Each welder: 480V � 23A � 0.78 = 8,610 VAA or greater for 2-wire circuits.
All 3 welders: [see 630.11(B)] (demand factors 100%,Receptacles required by 210.62 are assumed to be included in the

100%, 85% respectively)receptacle load above if these receptacles do not supply the show window
8,610 VA � 8,610 VA � 7,320 VA = 24,500 VAlighting load.

Subtotal, Noncontinuous Loads 28,500 VA
Receptacles

Motor Loads (see 430.24, Table 430.250)Receptacle Load:14,400 VA � 240 V = 60 A for 3-wire, 120/240 V
Air compressor: 11 A � 480 V � �3 = 9,150 VAThe receptacle load would be permitted to be served by 2-wire or 3-
Grinder: 3 A � 480 V � �3 = 2,490 VAwire circuits with a capacity equal to 60 A or greater for 3-wire circuits
Largest motor, additional 25%: 2,290 VAor 120 A or greater for 2-wire circuits.

Subtotal, Motor Loads 13,900 VA
Minimum Size Feeder (or Service) Overcurrent Protection

By using 430.24, the motor loads and the noncontinuous loads can be[see 215.3 or 230.90]
combined for the remaining calculation.

Subtotal noncontinuous loads 12,200 VA
Subtotal for load calculations, Noncontinuous Loads 42,400 VASubtotal continuous load at 125% (16,200 VA � 1.25) 20,250 VA
Continuous LoadsTotal 32,450 VA
General Lighting 11,600 VA32,450 VA � 240 V = 135 A
3 Industrial Process Dryers 15 kW each 45,000 VA

The next higher standard size is 150 A (see 240.6).
Subtotal, Continuous Loads 56,600 VA

Minimum Size Feeders (or Service Conductors) Required Overcurrent protection (see 215.3)
[see 215.2, 230.42(A)]

The overcurrent protective device must accommodate 125% of the continu-
For 120/240 V, 3-wire system, ous load, plus the noncontinuous load:

32,450 VA � 240 V = 135 A
Continuous load 56,600 VA

Service or feeder conductor is 1/0 Cu per 215.3 and Table 310.16 (with Noncontinuous load 42,400 VA
75�C terminations). Subtotal, actual load [actual load in amperes] 99,000 VA

99,000 VA � (480V � �3) = 119 A]Example D3(a) Industrial Feeders in a Common Raceway
(25% of 56,600 VA) (See 215.3) 14,200 VA

An industrial multi-building facility has its service at the rear of its main
Total VA 113,200 VA

building, and then provides 480Y/277-volt feeders to additional buildings
Conversion to amperes using three significant figures:behind the main building in order to segregate certain processes. The facility

113,200 VA / (480V � �3) = 136 Asupplies its remote buildings through a partially enclosed access corridor
that extends from the main switchboard rearward along a path that provides Minimum size overcurrent protective device: 136 A

Minimum standard size overcurrent protective device (see 240.6): 150convenient access to services within 15 m (50 ft) of each additional building
supplied. Two building feeders share a common raceway for approximately amperes
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Annex D — Examples

Where the overcurrent protective device and its assembly are listed Example D4(a) Multifamily Dwelling
for operation at 100 percent of its rating, a 125 ampere overcurrent protective A multifamily dwelling has 40 dwelling units.
device would be permitted. However, overcurrent protective device assem-

Meters are in two banks of 20 each with individual feeders to eachblies listed for 100 percent of their rating are typically not available at the
dwelling unit.125-ampere rating. (See 215.3 Exception.)

One-half of the dwelling units are equipped with electric ranges not
Ungrounded Feeder Conductors exceeding 12 kW each. Assume range kW rating equivalent to kVA rating
The conductors must independently meet requirements for (1) terminations, in accordance with 220.55. Other half of ranges are gas ranges.
and (2) conditions of use throughout the raceway run.

Area of each dwelling unit is 840 ft2.Minimum size conductor at the overcurrrent device termination [see
Laundry facilities on premises are available to all tenants. Add no110.14(C) and 215.2(A)(1), using 75�C ampacity column in Table 310.16]:

circuit to individual dwelling unit.1/0 AWG.
Minimum size conductors in the raceway based on actual load [see Calculated Load for Each Dwelling Unit (see Article 220)

Article 100, Ampacity, and 310.15(B)(2)(a) and correction factors to Table
General Lighting: 840 ft2 at 3 VA per ft2 = 2520 VA

310.16]:
Special Appliance: Electric range (see 220.55) = 8000 VA

99,000 VA / 0.7 / 0.96 = 147,000 VA
Minimum Number of Branch Circuits Required for Each Dwelling

(70% = 310.15(B)(2)(a)) & (0.96 = Correction factors to Table 310.16)
Unit [see 210.11(A)]

Conversion to amperes:
General Lighting Load: 2520 VA � 120 V = 21 A or two 15-A, 2-wire

147,000 VA / (480 V � �3) = 177 A circuits; or two 20-A, 2-wire circuits
Note that the neutral conductors are counted as current-carrying con- Small Appliance Load: Two 2-wire circuits of 12 AWG wire [see

ductors [see 310.15(B)(4)(c)] in this example because the discharge lighting 210.11(C)(1)]
has substantial nonlinear content. This requires a 2/0 AWG conductor based Range Circuit: 8000 VA � 240 V = 33 A or a circuit of two 8 AWG
on the 90�C column of Table 310.16. Therefore, the worst case is given conductors and one 10 AWG conductor per 210.19(A)(3)
by the raceway conditions, and 2/0 AWG conductors must be used. If the

Minimum Size Feeder Required for Each Dwelling Unit (see 215.2)
utility corridor was at normal temperatures [(30�C (86�F)], and if the lighting

Calculated Load (see Article 220):at each building were supplied from the local separately derived system
General Lighting 2,520 VA(thus requiring no neutrals in the supply feeders) the raceway result (99,000
Small Appliance (two 20-ampere circuits) 3,000 VAVA / 0.8 = 124,000 VA; 124,000 VA / (480V � �3) = 149 A, or a 1

Subtotal Calculated Load (without ranges) 5,520 VAAWG conductor @ 90�C) could not be used because the termination result
(1/0 AWG based on the 75�C column of Table 310.16) would become the Application of Demand Factor (see Table 220.42)
worst case, requiring the larger conductor. First 3000 VA at 100% 3,000 VA

In every case, the overcurrent protective device shall provide overcur- 5520 VA � 3000 VA = 2520 VA at 35% 882 VA
rent protection for the feeder conductors in accordance with their ampacity Net Calculated Load (without ranges) 3,882 VA
as provided by this Code (see 240.4). A 90�C 2/0 AWG conductor has a Range Load 8,000 VA
Table 310.16 ampacity of 195 amperes. Adjusting for the conditions of use Net Calculated Load (with ranges) 11,882 VA
(35�C ambient temperature, 8 current-carrying conductors in the common

Size of Each Feeder (see 215.2)raceway),
For 120/240-V, 3-wire system (without ranges)195 amperes � 0.96 � 0.7 = 131 A

Net calculated load of 3882 VA � 240 V = 16.2 AThe 150-ampere circuit breaker protects the 2/0 AWG feeder conduc-
For 120/240-V, 3-wire system (with ranges)tors, because 240.4(B) permits the use of the next higher standard size

overcurrent protective device. Note that the feeder layout precludes the Net calculated load, 11,882 VA � 240 V = 49.5 A
application of 310.15(A)(2) Exception.

Feeder Neutral
Feeder Neutral Conductor (see 220.61) Lighting and Small Appliance Load 3,882 VA
Because 210.11(B) does not apply to these buildings, the load cannot be Range Load: 8000 VA at 70% (see 220.61) 5,600 VA
assumed to be evenly distributed across phases. Therefore the maximum (only for apartments with electric range) 5,600 VA
imbalance must be assumed to be the full lighting load in this case, or Net Calculated Load (neutral) 9,482 VA
11,600 VA. (11,600 VA / 277V = 42 amperes.) The ability of the neutral

Calculated Load for Neutralto return fault current [see 250.32(B)(2)(2)] is not a factor in this calculation.
9482 VA � 240 V= 39.5 AAlthough the neutral runs between the main switchboard and the build-

ing panelboard, likely terminating on a busbar at both locations, the busbar Minimum Size Feeders Required from Service Equipment to Meter
connections are part of listed devices and are not ‘‘separately installed Bank (For 20 Dwelling Units — 10 with Ranges)
pressure devices.’’ Therefore 110.14(C)(2) does not apply, and the normal
termination temperature limits apply. In addition, the listing requirement Total Calculated Load:

Lighting and Small Applianceto gain exemption from the additional sizing allowance under continuous
loading (see 215.3 Exception) covers not just the overcurrent protective 20 units � 5520 V� 110,400 VA

Application of Demand Factordevice, but its entire assembly as well. Therefore, since the lighting load
is continuous, the minimum conductor size is based on 1.25 � (11,600 First 3000 VA at 100% 3,000 VA

110,400 VA � 3000 VA = 107,400 VA at 35% 37,590 VAVA / 277V) = 52 amperes, to be evaluated under the 75�C column of Table
310.16. The minimum size of the neutral is 6 AWG. This size is also Net Calculated Load 40,590 VA

Range Load: 10 ranges (less than 12 kVA) (see Col.the minimum size required by 215.2(A)(1), because the minimum size
equipment grounding conductor for a 150 ampere circuit, as covered in C, Table 220.55) 25,000 VA

Net Calculated Load (with ranges) 65,590 VATable 250.122, is 6 AWG.
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Annex D — Examples

Minimum Number of Branch Circuits Required for EachNet calculated load for 120/240-V, 3-wire system,
Dwelling Unit65,590 VA � 240 V = 273 A

General Lighting Load: 2520 VA � 120 V = 21 A or two 15-A, 2-wireFeeder Neutral
circuits, or two 20-A, 2-wire circuitsLighting and Small Appliance Load 40,590 VA

Small Appliance Load: Two 2-wire circuits of 12 AWG [see 210.11(C)(1)]Range Load: 25,000 VA at 70% [see 220.61(B)] 17,500 VA
Calculated Load (neutral) 58,090 VA Range Circuit (See Table 220.55, Column B):

8000 VA � 80% � 240 V = 27 A on a circuit of threeCalculated Load for Neutral
10 AWG conductors per 210.19(A)(3)58,090 VA � 240 V = 242 A

Space Heating: 6000 VA � 240 V = 25 AFurther Demand Factor [220.61(B)]
Number of circuits (see 210.11)

200 A at 100% 200 A
Minimum Size Feeder Required for Each Dwelling Unit (see 215.2)242 A � 200 A = 42 A at 70% 29 A

Net Calculated Load (neutral) 229 A
Calculated Load (see Article 220):

Minimum Size Main Feeders (or Service Conductors) Required (Less General Lighting 2,520 VA
House Load) (For 40 Dwelling Units — 20 with Ranges) Small Appliance (two 20-A circuits) 3,000 VA

Subtotal Calculated Load (without rangeTotal Calculated Load:
and space heating) 5,520 VALighting and Small Appliance Load

40 units � 5520 V� 220,800 VA Application of Demand Factor
Application of Demand Factor (from Table 220.42)

First 3000 VA at 100% 3,000 VA
First 3000 VA at 100% 3,000 VA

5520 VA � 3000 VA = 2520 VA at 35% 882 VA
Next 120,000 VA � 3000 VA = 117,000 VA at 35% 40,950 VA

Net Calculated Load 3,882 VA
Remainder 220,800 VA � 120,000 VA =

(without range and space heating)
100,800 VA at 25% 25,200 VA

Range 6,400 VA
Net Calculated Load 69,150 VA

Space Heating (see 220.51) 6,000 VARange Load: 20 ranges (less than 12 kVA)
Water Heater 2,500 VA(see Col. C, Table 220.55) 35,000 VA

Net Calculated Load (for individual dwelling unit) 18,782 VANet Calculated Load 104,150 VA
For 120/240-V, 3-wire system Size of Each Feeder

Net calculated load of 104,150 VA � 240 V = 434 A For 120/240-V, 3-wire system,
Net calculated load of 18,782 VA � 240 V = 78 AFeeder Neutral

Lighting and Small Appliance Load 69,150 VA Feeder Neutral (see 220.61)
Range: 35,000 VA at 70% [see 220.61(B)] 24,500 VA

Lighting and Small Appliance 3,882 VACalculated Load (neutral) 93,650 VA
Range Load: 6400 VA at 70% [see 220.61(B)] 4,480 VA

93,650 VA � 240 V = 390 A
Space and Water Heating (no neutral): 240 V 0 VA

Further Demand Factor [see 220.61(B)] Net Calculated Load (neutral) 8,362 VA
200 A at 100% 200 A

Calculated Load for Neutral
390 A � 200 A = 190 A at 70% 133 A

8362 VA � 240 V = 35 �Net Calculated Load (neutral) 333 A

Minimum Size Feeder Required from Service Equipment to Meter[See Tables 310.16 through 310.21, and 310.15(B)(2) and (B)(4).]
Bank (For 20 Dwelling Units)

Example D4(b) Optional Calculation for Multifamily
Dwelling Total Calculated Load:

Lighting and Small Appliance LoadA multifamily dwelling equipped with electric cooking and space
20 units � 5520 V� 110,400 VA

heating or air conditioning has 40 dwelling units. Water and Space Heating Load
Meters are in two banks of 20 each plus house metering and 20 units � 8500 V� 170,000 VA

individual feeders to each dwelling unit. Range Load: 20 � 8000 V� 160,000 VA
Each dwelling unit is equipped with an electric range of 8-kW Net Calculated Load (20 dwelling units) 440,400 VA

nameplate rating, four 1.5-kW separately controlled 240-V electric Net Calculated Load Using Optional Calculation
(see Table 220.84)space heaters, and a 2.5-kW, 240-V electric water heater. Assume

440,400 VA � 0.38 167,352 VArange, space heater, and water heater kW ratings equivalent to
167,352 VA � 240 V = 697 AkVA.

A common laundry facility is available to all tenants [see Minimum Size Main Feeder Required (Less House Load) (For 40
210.52(F), Exception No. 1]. Dwelling Units)

Area of each dwelling unit is 840 ft2.
Calculated Load:

Calculated Load for Each Dwelling Unit (see Article 220) Lighting and Small Appliance Load
40 units � 5520 V� 220,800 VAGeneral Lighting Load:

840 ft2 at 3 VA per ft2 2,520 VA Water and Space Heating Load
40 units � 8500 V� 340,000 VAElectric range 8,000 VA

Electric heat: 6 kVA (or air conditioning if larger) 6,000 VA Range: 40 ranges � 8000 V� 320,000 VA
Net Calculated Load (40 dwelling units) 880,800 VAElectric water heater 2,500 VA
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Annex D — Examples

For 208Y/120-V, 3-phase, 4-wire system,Net Calculated Load Using Optional Calculation (see Table 220.84)
Ranges: Maximum number between any two phase legs = 4880,800 VA � 0.28 = 246,624 VA

2 � 4 = 8.246,624 VA � 240 V = 1028 A
Table 220.55 demand = 23,000 VA

Feeder Neutral Load for Feeder from Service Equipment to Meter Per phase demand = 23,000 VA � 2 = 11,500 VA
Bank (For 20 Dwelling Units) Equivalent 3-phase load = 34,500 VA

Net Calculated Load (total):Lighting and Small Appliance Load
20 units � 5520 V� 110,400 VA 40,590 VA � 34,500 VA = 75,090 VA

First 3000 VA at 100% 3,000 VA 75,090 VA � (208 V)(1.732) = 208.4 A
110,400 VA � 3000 VA = 107,400 VA at 35% 37,590 VA

Feeder Neutral SizeNet Calculated Load 40,590 VA
Net Calculated Lighting and Appliance Load & Equivalent Range Load:20 ranges: 35,000 VA at 70%

[see Table 220.55 and Section 220.61(B)] 24,500 VA 40,590 VA � (34,500 VA at 70%) = 64,700 VA
Total 65,090 VA Net Calculated Neutral Load:

65,090 VA � 240 V = 271 A 64,700 VA � (208 V)(1.732) = 179.7 A

Further Demand Factor [see 220.61(B)] Minimum Size Main Feeder (Less House Load)
(For 40 Dwelling Units — 20 with Ranges)First 200 A at 100% 200 A

For 208Y/120-V, 3-phase, 4-wire system,Balance: 271 A � 200 A = 71 A at 70% 50 A
Ranges:Total 250 amperes
Maximum number between any two phase legs = 7Feeder Neutral Load of Main Feeder (Less House Load) (For 40

2 � 7 = 14.Dwelling Units)
Table 220.55 demand = 29,000 VA

Lighting and Small Appliance Load Per phase demand = 29,000 VA � 2 = 14,500 VA
40 units � 5520 V� 220,800 VA Equivalent 3-phase load = 43,500 VA
First 3000 VA at 100% 3,000 VA Net Calculated Load (total):
Next 120,000 VA � 3000 VA = 117,000 VA at 35% 40,950 VA 69,150 VA � 43,500 VA = 112,650 VA
Remainder 220,800 VA � 120,000 VA = 100,800 VA 112,650 VA � (208 V)(1.732) = 312.7 A

at 25% 25,200 VA
Main Feeder Neutral Size:

Net Calculated Load 69,150 VA
69,150 VA � (43,500 VA at 70%) = 99,600 VA40 ranges: 55,000 VA at 70% [see Table 220.55 and

99,600 VA � (208 V)(1.732) = 276.5 ASection 220.61(B)] 38,500 VA
Total 107,650 VA Further Demand Factor (see 220.61)

107,650 VA � 240 V = 449 A
200 A at 100% 200.0 A

Further Demand Factor [see 220.61(B)] 276.5 A � 200 A = 76.5 A at 70% 53.6 A
Net Calculated Load (neutral) 253.6 AFirst 200 A at 100% 200 A

Balance: 449 � 200 A = 249 A at 70% 174 A Example D5(b) Optional Calculation for Multifamily
Total 374 A Dwelling Served at 208Y/120 Volts, Three Phase

Example D5(a) Multifamily Dwelling Served at All conditions and calculations are the same as for Optional Calculation
208Y/120 Volts, Three Phase for the Multifamily Dwelling [Example D4(b)] served at 120/240 V, single

phase except as follows:All conditions and calculations are the same as for the multifamily
Service to each dwelling unit would be two phase legs and neutral.

dwelling [Example D4(a)] served at 120/240 V, single phase except
Minimum Number of Branch Circuits Required for Each Dwellingas follows:

Unit (see 210.11)Service to each dwelling unit would be two phase legs and
Range Circuit (see Table 220.55 Column B): 8000 VA at 80% � 208 V =neutral.

30.7 A or a circuit of two 8 AWG conductors and one 10 AWG
Minimum Number of Branch Circuits Required for Each Dwelling conductor per 210.19(A)(3)

Unit (see 210.11) Space Heating: 6000 VA � 208 V = 28.8 A
Two 20-ampere, 2-pole circuits required, 12 AWG conductorsRange Circuit: 8000 VA � 208 V = 38 A or a circuit of two 8 AWG

conductors and one 10 AWG conductor per 210.19(A)(3) Minimum Size Feeder Required for Each Dwelling Unit
Minimum Size Feeder Required for Each Dwelling Unit (see 215.2) 120/208-V, 3-wire circuit
For 120/208-V, 3-wire system (without ranges), Net calculated load of 18,782 VA � 208 V = 90.3 A

Net calculated load of 3882 VA � 2 legs � 120 V/leg = 16.2 A Net calculated load (lighting line to neutral):
For 120/208-V, 3-wire system (with ranges), 3882 VA � 2 legs � 120 V per leg = 16.2 amperes

Net calculated load (range) of 8000 VA � 208 V = 38.5 A
Line to line = 14,900 VA � 208 V = 71.6 A

Total load (range � lighting) = 38.5 A � 16.2 A = 54.7 A
Total load = 16.2 A � 71.6 A = 87.8 A

Feeder neutral: (range) of 8000 VA � 70% = 5600 VA � 208 V =
Minimum Size Feeder Required for Service Equipment to Meter Bank26.9 A

(For 20 Dwelling Units)Total load: (range � lighting) = 26.9 A � 16.2 A = 43.1 A

Net Calculated LoadMinimum Size Feeders Required from Service Equipment to Meter
Bank (For 20 Dwelling Units — 10 with Ranges) 167,352 VA � (208 V)(1.732) = 464.9 A
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Annex D — Examples

Feeder Neutral Load cage motor and the primary of the wound-rotor motors. To obtain the
minimum required conductor ampacity, the full-load current is multiplied65,080 VA � (208 V)(1.732) = 180.65 A
by 1.25 [see 430.22 and 430.23(A)].

Minimum Size Main Feeder Required (Less House Load) (For 40
For the 25-hp motor,Dwelling Units)

34 A � 1.25 = 42.5 ANet Calculated Load
For the 30-horsepower motors,246,624 VA � (208 V)(1.732) = 684.6 A

40 A � 1.25 = 50 AMain Feeder Neutral Load
65 A � 1.25 = 81.25 A107,650 VA � (208 V)(1.732) = 298.8 A

Further Demand Factor [see 220.61(B)] Motor Overload Protection
Where protected by a separate overload device, the motors are required to

200 A at 100% 200.0 A
have overload protection rated or set to trip at not more than 125% of the

298.8 A � 200 A = 98.8 A at 70% 69.2 A
nameplate full-load current [see 430.6(A) and 430.32(A)(1)].

Net Calculated Load (neutral) 269.2 A
For the 25-hp motor,

32 A � 1.25 = 40.0 AExample D6 Maximum Demand for Range Loads

For the 30-hp motors,Table 220.55, Column C applies to ranges not over 12 kW. The application
of Note 1 to ranges over 12 kW (and not over 27 kW) and Note 2 to ranges 38 A � 1.25 = 47.5 A
over 83⁄4 kW (and not over 27 kW) is illustrated in the following two

Where the separate overload device is an overload relay (not a fuse or
examples.

circuit breaker), and the overload device selected at 125% is not sufficient
to start the motor or carry the load, the trip setting is permitted to beA. Ranges All the Same Rating (see Table 220.55, Note 1)
increased in accordance with 430.32(C).Assume 24 ranges, each rated 16 kW.

From Table 220.55, Column C, the maximum demand for 24 ranges of Branch-Circuit Short-Circuit and Ground-Fault Protection
12-kW rating is 39 kW. 16 kW exceeds 12 kW by 4.

The selection of the rating of the protective device depends on the type of
5% � 4 = 20% (5% increase for each kW in excess of 12)

protective device selected, in accordance with 430.52 and Table 430.52.
39 kW � 20% = 7.8 kW increase

The following is for the 25-hp motor.
39 � 7.8 = 46.8 kW (value to be used in selection of feeders)

(a) Nontime-Delay Fuse: The fuse rating is 300% � 34 A = 102 A. The
B. Ranges of Unequal Rating (see Table 220.55, Note 2) next larger standard fuse is 110 A [see 240.6 and 430.52(C)(1),
Assume 5 ranges, each rated 11 kW; 2 ranges, each rated 12 kW; 20 ranges,

Exception No. 1]. If the motor will not start with a 110-A nontime-
each rated 13.5 kW; 3 ranges, each rated 18 kW.

delay fuse, the fuse rating is permitted to be increased to 125 A because
5 ranges� 12 kW = 60 kW (use 12 kW this rating does not exceed 400% [see 430.52(C)(1), Exception No.

for range rated less than 12)
2(a)].

2 ranges� 12 kW = 24 kW
(b) Time-Delay Fuse: The fuse rating is 175% � 34 A = 59.5 A. The20 ranges� 13.5 kW = 270 kW

next larger standard fuse is 60 A [see 240.6 and 430.52(C)(1), Excep-3 ranges� 18 kW = 54 kW
tion No. 1]. If the motor will not start with a 60-A time-delay fuse,30 ranges, Total kW = 408 kW
the fuse rating is permitted to be increased to 70 A because this rating408 � 30 ranges = 13.6 kW (average to be used for calculation)
does not exceed 225% [see 430.52(C)(1), Exception No. 2(b)].From Table 220.55, Column C, the demand for 30 ranges of 12-kW rating

is 15 kW � 30 (1 kW � 30 ranges) = 45 kW. 13.6 kW exceeds 12 Feeder Short-Circuit and Ground-Fault Protection
kW by 1.6 kW (use 2 kW). The rating of the feeder protective device is based on the sum of the largest

branch-circuit protective device (example is 110 A) plus the sum of the5% � 2 = 10% (5% increase for each kW in excess of 12 kW)
full-load currents of the other motors, or 110 A � 40 A � 40 A = 19045 kW � 10% = 4.5 kW increase
A. The nearest standard fuse that does not exceed this value is 175 A [see

45 kW � 4.5 kW = 49.5 kW (value to be used in selection of feeders) 240.6 and 430.62(A)].

Example D8 Motor Circuit Conductors, Overload
Example D9 Feeder Ampacity Determination for GeneratorProtection, and Short-Circuit and Ground-Fault Protection
Field Control [see 215.2, 430.24, 430.24 Exception No. 1,(see 240.6, 430.6, 430.22, 430.23, 430.24, 430.32, 430.52, and

620.13, 620.14, 620.61, and Table 430.22(E)]430.62, Tables 430.52 and 430.250)
Determine the conductor ampacity for a 460-V 3-phase, 60-Hz ac feederDetermine the minimum required conductor ampacity, the motor overload
supplying a group of six elevators. The 460-V ac drive motor nameplateprotection, the branch-circuit short-circuit and ground-fault protection, and
rating of the largest MG set for one elevator is 40 hp and 52 A, and thethe feeder protection, for three induction-type motors on a 480-V, 3-phase
remaining elevators each have a 30-hp, 40-A, ac drive motor rating forfeeder, as follows:
their MG sets. In addition to a motor controller, each elevator has a separate

(a) One 25-hp, 460-V, 3-phase, squirrel-cage motor, nameplate full-load motion/operation controller rated 10 A continuous to operate microproces-
current 32 A, Design B, Service Factor 1.15 sors, relays, power supplies, and the elevator car door operator. The MG

(b) Two 30-hp, 460-V, 3-phase, wound-rotor motors, nameplate primary sets are rated continuous.
Conductor Ampacity. Conductor ampacity is determined asfull-load current 38 A, nameplate secondary full-load current 65 A,

follows:40�C rise.

(a) Per 620.13(D) and 620.61(B)(1), use Table 430.22(E), for intermittentConductor Ampacity
duty (elevators). For intermittent duty using a continuous rated motor,The full-load current value used to determine the minimum required conduc-

tor ampacity is obtained from Table 430.150 [see 430.6(A)] for the squirrel- the percentage of nameplate current rating to be used is 140%.

2005 National Electrical Code Handbook1280

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

--```,,``,`,,,`,`,`,`,,,,,,`,,,-`-`,,`,,`,`,,`---



Annex D — Examples

SCR dc drive. The power transformers are external to the drive (motor(b) For the 30-hp ac drive motor,
controller) cabinet. Each elevator has a separate motion/operation controller

140% � 40 A = 56 A.
connected to the load side of the main line disconnect switch rated 10 A

(c) For the 40-hp ac drive motor,
continuous to operate microprocessors, relays, power supplies, and the

140% � 52 A = 73 A. elevator car door operator. Each transformer is rated 95 kVA with an
(d) The total conductor ampacity is the sum of all the motor currents: efficiency of 90%.

Conductor Ampacity(1 motor � 73 A) � (5 motors � 56 �) = 353 �
Conductor ampacity is determined as follows:(e) Per 620.14 and Table 620.14, the conductor (feeder) ampacity would
(a) Calculate the nameplate rating of the transformer:be permitted to be reduced by the use of a demand factor. Constant

loads are not included (see 620.14, FPN). For six elevators, the demand
I =

95 kVa � 1000

�3 � 460 V � 0.90eff.
factor is 0.79. The feeder diverse ampacity is, therefore, 0.79 � 353
A = 279 A. (b) Per 620.13(D), for six elevators, the total conductor ampacity is the

(f) Per 430.24 and 215.3, the controller continuous current is 125% � sum of all the currents.
10 A = 12.5 A

6 elevators � 133 A = 798 A
(g) The total feeder ampacity is the sum of the diverse current and all

(c) Per 620.14 and Table 620.14, the conductor (feeder) ampacity would
the controller continuous current.

be permitted to be reduced by the use of a demand factor. Constant
Itotal = 279 A � (6 elevators � 12.5 A) = 354 A loads are not included (see 620.13, FPN No. 2). For six elevators,

the demand factor is 0.79. The feeder diverse ampacity is, therefore,(h) This ampacity would be permitted to be used to select the wire size.
0.79 � 798 A = 630 A.See Figure D9.

(d) Per 430.24 and 215.3, the controller continuous current is 125% �

10 A = 12.5 A.

(e) The total feeder ampacity is the sum of the diverse current and all
the controller constant current.

Itotal = 630 A � (6 elevators � 12.5 A) = 705 A

(f) This ampacity would be permitted to be used to select the wire size.

See Figure D10.
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Example D10 Feeder Ampacity Determination for
Adjustable Speed Drive Control [see 215.2, 430.24,

430.24(B), 620.13, 620.14, 620.61, and Tables 430.22(E), and
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620.14]

Determine the conductor ampacity for a 460-V, 3-phase, 60-Hz ac feeder
supplying a group of six identical elevators. The system is adjustable-speed Figure D10 Adjustable Speed Drive Control.
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Annex D — Examples

Example D11 Mobile Home (see 550.18) Example D12 Park Trailer (see 552.47)

A mobile home floor is 70 ft by 10 ft and has two small appliance circuits; A park trailer floor is 40 ft by 10 ft and has two small appliance circuits,
a 1000-VA, 240-V heater, a 200-VA, 120-V exhaust fan, a 400-VA, 120-a 1000-VA, 240-V heater; a 200-VA, 120-V exhaust fan; a 400-VA, 120-

V dishwasher; and a 7000-VA electric range. V dishwasher, and a 7000-VA electric range.

Lighting and Small Appliance Load Lighting and Small Appliance Load

Lighting (70 ft � 10 ft � 3 V� per ft2) 2,100 VA Lighting (40 ft � 10 ft � 3 V� per ft2) 1,200 VA
Small appliance (1500 VA � 2 circuits) 3,000 VASmall appliance (1500 VA � 2 circuits) 3,000 VA

Laundry (1500 VA � 1 circuit) 1,500 VA Laundry (1500 VA � 1 circuit) 1,500 VA
Subtotal 5,700 VASubtotal 6,600 VA

First 3000 VA at 100% 3,000 VAFirst 3000 VA at 100% 3,000 VA
Remainder (6600 VA – 3000 VA = 3600 VA ) � 35% 1,260 VA Remainder (5700 VA – 3000 VA = 2700 VA) � 35% 945 VA

Total 3,945 VATotal 4,260 VA

4260 VA � 240 V = 17.75 A per leg 3945 VA � 240 V = 16.44 A per leg

Amperes per Leg Leg A Leg BAmperes per Leg Leg A Leg B

Lighting and appliances 16.44 16.44Lighting and appliances 17.75 17.75
Heater (1000 VA � 240 V) 4.20 4.20Heater (1000 VA � 240 V) 4.20 4.20
Fan (200 VA � 125% � 120 V) 2.08 —Fan (200 VA � 125% � 120 V) 2.08 —
Dishwasher (400 VA � 120 V) — 3.3Dishwasher (400 VA � 120 V) — 3.30
Range (7000 VA � 0.8 � 240 V) 23.30 23.30Range (7000 VA � 0.8 � 240 V) 23.30 23.30

Totals 46.02 47.24Total amperes per leg 47.33 48.55
Based on the higher current calculated for either leg, a minimum 50-ABased on the higher current calculated for either leg, a minimum 50-A
supply cord would be required.supply cord would be required.

For SI units, 0.093 m2 = 1 ft2 and 0.3048 m = 1 ft.For SI units, 0.093 m2 = 1 ft2 and 0.3048 m = 1 ft.
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Annex E

Types of Construction
This annex is not a part of the requirements of this NFPA document but is included for
informational purposes only.

The five different types of construction can be summarized noncombustible. Interior, nonbearing partitions are permit-
ted to be 1 or 2 hour rated. For nearly all occupancy types,briefly as follows (see also Table E.2):

Type I is a Fire-Resistive construction type. All struc- Type 1 construction can be of unlimited height.
Type II construction has 3 categories, Fire-Resistive,tural elements and most interior elements are required to be

Table E.1 Fire Resistance Ratings (in hours) for Type I through Type V Construction

Type I Type II Type III Type IV Type V

443 332 222 111 000 211 200 2HH 111 000

Exterior Bearing Walls —
Supporting more than one floor, columns, or other

bearing walls......................................................................... 4 3 2 1 01 2 2 2 1 01

Supporting one floor only ........................................................ 4 3 2 1 01 2 2 2 1 01

Supporting a roof only ............................................................. 4 3 1 1 01 2 2 2 1 01

Interior Bearing Walls —
Supporting more than one floor, columns, or other

bearing walls......................................................................... 4 3 2 1 0 1 0 2 1 0
Supporting one floor only ........................................................ 3 2 2 1 0 1 0 2 1 0
Supporting a roof only ............................................................. 3 2 1 1 0 1 0 1 1 0

Columns —
Supporting more than one floor, columns, or other

bearing walls......................................................................... 4 3 2 1 0 1 0 H2 1 0
Supporting one floor only ........................................................ 3 2 2 1 0 1 0 H2 1 0
Supporting roofs only ............................................................. 3 2 1 1 0 1 0 H2 1 0

Beams, Girders, Trusses & Arches —
Supporting more than one floor, columns, or other

bearing walls......................................................................... 4 3 2 1 0 1 0 H2 1 0
Supporting one floor only ........................................................ 3 2 2 1 0 1 0 H2 1 0
Supporting roofs only............................................................... 3 2 1 1 0 1 0 H2 1 0

Floor Construction ........................................................................ 3 2 2 1 0 1 0 H2 1 0

Roof Construction......................................................................... 2 11⁄2 1 1 0 1 0 H2 1 0

Exterior Nonbearing Walls3 ......................................................... 01 01 01 01 01 01 01 01 01 01

Those members that shall be permitted to be of approved combustible material.

Source: Table 3.1 from NFPA 220, Standard on Types of Building Construction, 1999.
1See A-3-1 in NFPA 220.
2‘‘H’’ indicates heavy timber members; see text for requirements.
3Exterior nonbearing walls meeting the conditions of acceptance of NFPA 285, Standard Method of Test
for the Evaluation of Flammability Characteristics of Exterior Non-Load-Bearing Wall Assemblies Con-
taining Combustible Components Using the Intermediate-Scale, Multistory Test Apparatus, shall be
permitted to be used.
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Annex E — Types of Construction

Table E.2 Maximum Number of Stories for Types V, IV, and Type IV is a single construction category which provides
III Construction for heavy timber construction. Both the structural framework

and the exterior walls are required to be noncombustible ex-
Maximum Number of

cept that wood members of certain minimum sizes are al-Construction Type Stories Permitted
lowed. This construction type is seldom used for multifamily
dwellings but, if used, would be permitted to be 4 stories high.V Non-Rated 2

V Non-Rated, Sprinklered 3 Type V construction has two categories, One-Hour
V One-Hour Rated 3 Rated and Non-Rated. One-Hour Rated construction requires
V One-Hour Rated, Sprinklered 4 a minimum of one-hour rated construction throughout theIV Heavy Timber 4

building. Non-rated construction allows non-rated interiorIV Heavy Timber, Sprinklered 5
partitions with certain restrictions. The maximum permittedIII Non-Rated 2

III Non-Rated, Sprinklered 3 number of stories for multifamily dwellings and other struc-
III One-Hour Rated 4 tures is 2 for Non-Rated and 3 for One-Hour Rated.
III One-Hour Rated, Sprinklered 5

Commentary Table E.1 is reproduced from the NFPA 101�-
2003, Life Safety Code Handbook�. This table cross-
references the building construction types described in NFPA

One-Hour Rated and Non-Rated. The number of stories 220, Standard on Types of Building Construction, and NFPA
permitted for multifamily dwellings varies from 2 for Non- 5000�-2003, Building Construction and Safety Code, to the
Rated and 4 for One-Hour Rated to 12 for Fire-Resistive construction types described in four other model building
construction. codes. For authorities having jurisdiction in a municipality

Type III construction has two categories, One-Hour where one of these model building codes is used, this table
Rated and Non-Rated. Both categories require the structural provides helpful information to assist in the proper applica-
framework and exterior walls to be of noncombustible mate- tion of 334.10(2) and (3) covering the permitted use of Type
rial. One-Hour Rated construction requires all interior parti- NM cable based on building construction type. The types
tions to be one-hour rated. Non-Rated construction allows of construction described in 334.10(2) and (3) are based on
nonbearing interior partitions to be of non-rated construction. NFPA 220-1999, and this table facilitates assimilation of the
The maximum permitted number of stories for multifamily 334.10 requirements with the construction types contained
dwellings and other structures is 2 for Non-Rated and 4 for within the building code that is adopted by a jurisdiction.
One-Hour Rated.

The following is a description of the model building code Officials and Code Administrators International Inc.,
acronyms contained in Commentary Table E.1: Country Club Hills, IL

SBC — Standard Building Code, Southern Building
UBC — Uniform Building Code, International Confer- Code Congress International, Inc., Birmingham, AL
ence of Building Officials, Whittier, CA

IBC — International Building Code, International Code
BNBC — BOCA National Building Code, Building Council, Inc., Falls Church, VA

Commentary Table E.1 Cross-Reference of Building Construction Types

NFPA 220 &
NFPA 5000 I(443)* I(332) II(222) II(111) II(000) III(211) III(200) IV(2HH) V(111) V(000)

UBC — I FR II FR II 1-hr II N III 1-hr III N IV HT V 1-hr V-N
BNBC 1A 1B 2A 2B 2C 3A 3B 4 5A 5B
SBC I II — IV 1-hr IV unprotected V 1-hr V unprotected III VI 1-hr VI unprotected
IBC I-A I-B — II-A II-B III-A III-B IV V-A V-B

* I(442) per NFPA 5000, Building Construction and Safety Code.
Source: Life Safety Code� Handbook, 2003 edition, Ron Coté and Gregory Harrington, eds., National Fire Protection Association, Quincy, MA.
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Annex F

Cross-Reference Tables

This annex is not a part of the requirements of this NFPA document but is included for
informational purposes only.

Because Chapter 3 was extensively reorganized for the 2002 Code, annex provides cross-references between the 2005, 2002, and 1999
Annex F is provided to make the Code more user friendly. This editions of the Code as well as an alphabetical cross-index.

Table F.1 Chapter 3 Cross-Reference from the 2005 NEC to the 2002 NEC to the 1999 NEC

2005 NEC 2002 NEC 1999 NEC Article Title

300 300 300 Wiring Methods
310 310 310 Conductors for General Wiring
312 312 373 Cabinets, Cutout Boxes, and Meter Socket Enclosures
314 314 370 Outlet, Device, Pull, and Junction Boxes; Conduit Bodies; Fittings; and Manholes
320 320 333 Armored Cable: Type AC
322 322 363 Flat Cable Assemblies: Type FC
324 324 328 Flat Conductor Cable: Type FCC
326 326 325 Integrated Gas Spacer Cable: Type IGS
328 328 326 Medium Voltage Cable: Type MV
330 330 334 Metal-Clad Cable: Type MC
332 332 330 Mineral-Insulated, Metal-Sheathed Cable: Type MI
334 334 336 Nonmetallic-Sheathed Cable: Types NM, NMC, and NMS
336 336 340 Power and Control Tray Cable: Type TC
338 338 338 Service-Entrance Cable: Types SE and USE
340 340 339 Underground Feeder and Branch-Circuit Cable: Type UF
342 342 345 Intermediate Metal Conduit: Type IMC
344 344 346 Rigid Metal Conduit: Type RMC
348 348 350 Flexible Metal Conduit: Type FMC
350 350 351 (Part A) Liquidtight Flexible Metal Conduit: Type LFMC
352 352 347 Rigid Nonmetallic Conduit: Type RNC

353 (New) — — High Density Polyethylene Conduit: Type HDPE Conduit
354 354 343 Nonmetallic Underground Conduit with Conductors: Type NUCC
356 356 351 (Part B) Liquidtight Flexible Nonmetallic Conduit: Type LFNC
358 358 348 Electrical Metallic Tubing: Type EMT
360 360 349 Flexible Metallic Tubing: Type FMT
362 362 331 Electrical Nonmetallic Tubing: Type ENT
366 366 374 Auxiliary Gutters
368 368 364 Busways
370 370 365 Cablebus
372 372 358 Cellular Concrete Floor Raceways
374 374 356 Cellular Metal Floor Raceways
376 376 362 (Part A) Metal Wireways

(continues)
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Annex F — Cross-Reference Tables

Table F.1 Continued

2005 NEC 2002 NEC 1999 NEC Article Title

378 378 362 (Part B) Nonmetallic Wireways
380 380 353 Multioutlet Assembly
382 382 342 Nonmetallic Extensions
384 384 352 (Part C) Strut-Type Channel Raceway
386 386 352 (Part A) Surface Metal Raceways
388 388 352 (Part B) Surface Nonmetallic Raceways
390 390 354 Underfloor Raceways
392 392 318 Cable Trays
394 394 324 Concealed Knob-and-Tube Wiring
396 396 321 Messenger Supported Wiring
398 398 320 Open Wiring on Insulators
404 404 380 Switches
408 408 384 Switchboards and Panelboards
590 527 305 Temporary Installations

Table F.2 Chapter 3 Cross-Reference, 1999 – 2002 – 2005 NEC

1999 NEC 2002 NEC 2005 NEC Article Title

300 300 300 Wiring Methods
305 527 590 Temporary Installations
310 310 310 Conductors for General Wiring
318 392 392 Cable Trays
320 398 398 Open Wiring on Insulators
321 396 396 Messenger Supported Wiring
324 394 394 Concealed Knob-and-Tube Wiring
325 326 326 Integrated Gas Spacer Cable: Type IGS
326 328 328 Medium Voltage Cable: Type MV
328 324 324 Flat Conductor Cable: Type FCC
330 332 332 Mineral-Insulated, Metal-Sheathed Cable: Type MI
331 362 362 Electrical Nonmetallic Tubing: Type ENT
333 320 320 Armored Cable: Type AC
334 330 330 Metal-Clad Cable: Type MC
336 334 334 Nonmetallic-Sheathed Cable: Types NM, NMC, and NMS
338 338 338 Service-Entrance Cable: Types SE and USE
339 340 340 Underground Feeder and Branch-Circuit Cable: Type UF
340 336 336 Power and Control Tray Cable: Type TC
342 382 382 Nonmetallic Extensions
343 354 354 Nonmetallic Underground Conduit with Conductors: Type NUCC
345 342 342 Intermediate Metal Conduit: Type IMC
346 344 344 Rigid Metal Conduit: Type RMC
347 352 352 Rigid Nonmetallic Conduit: Type RNC
348 358 358 Electrical Metallic Tubing: Type EMT
349 360 360 Flexible Metallic Tubing: Type FMT
350 348 348 Flexible Metal Conduit: Type FMC

351 (Part A) 350 350 Liquidtight Flexible Metal Conduit: Type LFMC
351 (Part B) 356 356 Liquidtight Flexible Nonmetallic Conduit: Type LFNC
352 (Part C) 384 384 Strut-Type Channel Raceway
352 (Part A) 386 386 Surface Metal Raceways
352 (Part B) 388 388 Surface Nonmetallic Raceways

353 380 380 Multioutlet Assembly
— — 353 (New) High Density Polyethylene Conduit: Type HDPE Conduit
354 390 390 Underfloor Raceways
356 374 374 Cellular Metal Floor Raceways
358 372 372 Cellular Concrete Floor Raceways

362 (Part A) 376 376 Metal Wireways
362 (Part B) 378 378 Nonmetallic Wireways

363 322 322 Flat Cable Assemblies: Type FC
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Annex F — Cross-Reference Tables

Table F.2 Continued

1999 NEC 2002 NEC 2005 NEC Article Title

364 368 368 Busways
365 370 370 Cablebus
370 314 314 Outlet, Device, Pull, and Junction Boxes; Conduit Bodies; Fittings; and Manholes
373 312 312 Cabinets, Cutout Boxes, and Meter Socket Enclosures
374 366 366 Auxiliary Gutters
380 404 404 Switches
384 408 408 Switchboards and Panelboards

Table F.3 Chapter 3 Alphabetical Cross-Reference, 2005 – 2002 – 1999 NEC

Article Title 2005 NEC 2002 NEC 1999 NEC

Armored Cable: Type 320 AC 320 320 333
Auxiliary Gutters 366 366 374
Busways 368 368 364
Cabinets, Cutout Boxes, and Meter Socket Enclosures 312 312 373
Cable Trays 392 392 318
Cablebus 370 370 365
Cellular Concrete Floor Raceways 372 372 358
Cellular Metal Floor Raceways 374 374 356
Concealed Knob-and-Tube Wiring 394 394 324
Conductors for General Wiring 310 310 310
Electrical Metallic Tubing: Type EMT 358 358 348
Electrical Nonmetallic Tubing: Type ENT 362 362 331
Flat Cable Assemblies: Type FC 322 322 363
Flat Conductor Cable: Type FCC 324 324 328
Flexible Metal Conduit: Type FMC 348 348 350
Flexible Metallic Tubing: Type FMT 360 360 349
High Density Polyethylene Conduit: Type HDPE Conduit 353 (New) — —
Integrated Gas Spacer Cable: Type IGS 326 326 325
Intermediate Metal Conduit: Type IMC 342 342 345
Liquidtight Flexible Metal Conduit: Type LFMC 350 350 351 (Part A)
Liquidtight Flexible Nonmetallic Conduit: Type LFNC 356 356 351 (Part B)
Medium Voltage Cable: Type MV 328 328 326
Messenger Supported Wiring 396 396 321
Metal Wireways 376 376 362 (Part A)
Metal-Clad Cable: Type MC 330 330 334
Mineral-Insulated, Metal-Sheathed Cable: Type MI 332 332 330
Multioutlet Assembly 380 380 353
Nonmetallic Extensions 382 382 342
Nonmetallic Underground Conduit with Conductors: Type 354 354 343
NUCC

Nonmetallic Wireways 378 378 362 (Part B)
Nonmetallic-Sheathed Cable: Types NM, NMC, and NMS 334 334 336
Open Wiring on Insulators 398 398 320
Outlet, Device, Pull, and Junction Boxes; Conduit Bodies; 314 314 370
Fittings; and Manholes

Power and Control Tray Cable: Type TC 336 336 340
Rigid Metal Conduit: Type RMC 344 344 346
Rigid Nonmetallic Conduit: Type RNC 352 352 347
Service-Entrance Cable: Types SE and USE 338 338 338
Strut-Type Channel Raceway 384 384 352 (Part C)
Surface Metal Raceways 386 386 352 (Part A)
Surface Nonmetallic Raceways 388 388 352 (Part B)
Switchboards and Panelboards 408 408 384
Switches 404 404 380
Temporary Installations 590 527 305
Underfloor Raceways 390 390 354
Underground Feeder and Branch-Circuit Cable: Type UF 340 340 339
Wiring Methods 300 300 300
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Annex F — Cross-Reference Tables

Article 250 underwent an extensive reorganization for the F.2 provide a matrix of the Article 250 requirements for the
1996, 1999, 2002, and 2005 editions of the Code.1999 NEC. Commentary Table F.1 and Commentary Table

Commentary Table F.1 Article 250 Cross-References by 1996 Topic — 1996, 1999, 2002, and
2005 NEC

1996 Article 250 Topic 1996 NEC 1999 NEC 2002 NEC 2005 NEC

Part A. General
Scope -1 -1 .1 .1
Application of Other Articles -2 -4 .3 .3

Part B. Circuit and System Grounding
Direct-Current Systems -3 -162 .162 .162
Alternating-Current Circuits and Systems to Be Grounded -5 -20, -21 .20, .21 .20, .21
Portable and Vehicle-Mounted Generators -6 -34 .34 .34
Circuits Not to Be Grounded -7 -22 .22 .22

Part C. Location of System Grounding Connections
Objectionable Current Over Grounding Conductors -21 -6 .6 .6
Point of Connection for Direct-Current Systems -22 -164 .164 .164
Grounding Service-Supplied Alternating-Current Systems -23 -24 .24 .24
Two or More Buildings or Structures Supplied from a Common -24 -32 .32 .32

Service
Conductor to Be Grounded—Alternating-Current Systems -25 -26 .26 .26
Grounding Separately Derived Alternating-Current Systems -26 -30 .30 .30
High-Impedance Grounded Neutral System Connections -27 -36 .36 .36

Part D. Enclosure and Raceway Grounding
Service Raceways and Enclosures -32 -80 .80 .80
Other Conductor Enclosures and Raceways -33 -86 .86 .86

Part E. Equipment Grounding
Equipment Fastened in Place or Connected by Permanent -42 -110 .110 .110

Wiring Methods (Fixed)
Fastened in Place or Connected by Permanent Wiring Methods -43 -112 .112 .112

(Fixed)—Specific
Nonelectric Equipment -44 -116 .116 .116
Equipment Connected by Cord and Plug -45 -114 .114 .114
Spacing from Lightning Rods -46 -106 .106 .106

Part F. Methods of Grounding
Equipment Grounding Conductor Connections -50 -130 .130 .130
Effective Grounding Path -51 -2 .4 .4
Grounding Path to Grounding Electrode at Services -53 -24, -28 .24, .28. 24, .28
Common Grounding Electrode -54 -58 .58 .58
Underground Service Cable -55 -84 .84 .84
Short Sections of Raceway -56 -132 .132 .132
Equipment Fastened in Place or Connected by Permanent -57 -119, -134 .119, .134 .119, .134

Wiring Methods (Fixed)—Grounding
Equipment Considered Effectively Grounded -58 -136 .136 .136
Cord-and-Plug-Connected Equipment -59 -138 .138 .138
Frames of Ranges and Clothes Dryers -60 -140 .140 .140
Use of Grounded Circuit Conductor for Grounding Equipment -61 -142 .142 .142
Multiple Circuit Connections -62 -144 .144 .144

Part G. Bonding
General -70 -90 .90 .90
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Annex F — Cross-Reference Tables

Commentary Table F.1 Continued

1996 Article 250 Topic 1996 NEC 1999 NEC 2002 NEC 2005 NEC

Service Equipment -71 -92 .92 .92
Method of Bonding Service Equipment -72 -94 .92(B) .92(B)
Metal Armor or Tape of Service Cable -73 (removed) (removed) (removed)
Connecting Receptacle Grounding Terminal to Box -74 -146 .146 .146
Bonding Other Enclosures -75 -96 .96 .96
Bonding for Over 250 Volts -76 -97 .97 .97
Bonding Loosely Jointed Metal Raceways -77 -98 .98 .98
Bonding in Hazardous (Classified) Locations -78 -100 .100 .100
Main and Equipment Bonding Jumpers -79 -28, -102, -168 .28, .102, .168 .28, .102, .168
Bonding of Piping Systems and Exposed Structural Steel -80 -104 .104 .104

Part H. Grounding Electrode System
Grounding Electrode System -81 -50 .50 .50
Made and Other Electrodes -83 -52 .50, .53 .50, .53
Resistance of Made Electrodes -84 -56 .56 .56
Use of Lightning Rods -86 -60 .60 .60

Part J. Grounding Conductors
Material -91 -54, -62, -64, - .54, .62, .64, .54, .62, .64,

118 .118 .118
Installation -92 -64, -120 .64, .120 .64, .120
Size of Direct-Current Grounding Electrode Conductor -93 -166 .166 .166
Size of Alternating-Current Grounding Electrode Conductor -94 -66 .66 .66
Size of Equipment Grounding Conductors -95 -122 .122 .122
Outline Lighting -97 (600-7) (600.7) (600.7)
Equipment Grounding Conductor Continuity -99 -124 .124 .124

Part K. Grounding Conductor Connections
To Grounding Electrode -112 -68 .68 .68
To Conductors and Equipment -113 -8 .8 .8
Continuity and Attachment of Equipment Grounding Conductors -114 -148 .148 .148

to Boxes
Connection to Electrodes -115 -70 .70 .70
Protection of Attachment -117 -10 .10 .10
Clean Surfaces -118 -12 .12 .12
Identification of Wiring Device Terminals -119 -126 .126 .126

Part L. Instrument Transformers, Relays, Etc.
Instrument Transformer Circuits -121 -170 .170 .170
Instrument Transformer Cases -122 -172 .172 .172
Cases of Instruments, Meters, and Relays Operating at Less -123 -174 .174 .174

Than 1000 Volts
Cases of Instruments, Meters, and Relays Operating at Voltage -124 -176 .176 .176

1 kV and Over
Instrument Grounding Conductor -125 -178 .178 .178

Part M. Grounding of Systems and Circuits of 1 kV and
Over (High Voltage)

General -150 -180 .180 .180
Derived Neutral Systems -151 -182 .182 .182
Solidly Grounded Neutral Systems -152 -184 .184 .184
Impedance Grounded Neutral Systems -153 -186 .186 .186
Grounding of Systems Supplying Portable or Mobile Equipment -154 -188 .188 .188
Grounding of Equipment -155 -190 .190 .190
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Annex F — Cross-Reference Tables

Commentary Table F.2 Article 250 Cross-References by 2005 Topic — 2005, 2002, 1999, and
1996 NEC

2005 Article 250 Topic 2005 NEC 2002 NEC 1999 NEC 1996 NEC

Part I. General
Scope .1 .1 -1 -1
Definitions .2 .2 N/A N/A
Application of Other Articles .3 .3 -4 -2
General Requirements for Grounding and Bonding .4 .4 -2 -51, -1 FPN

1 & 2
Objectionable Current Over Grounding Conductors .6 .6 -6 -21
Connection of Grounding and Bonding Equipment .8 .8 -8 -113
Protection of Ground Clamps and Fittings .10 .10 -10 -117
Clean Surfaces .12 .12 -12 -118

Part II. System Grounding
Alternating-Current Circuits and Systems to Be Grounded .20 .20 -20 -5
Alternating-Current Systems of 50 Volts to 1000 Volts Not Required to be .21 .21 -21 -5

Grounded
Circuits Not to Be Grounded .22 .22 -22 -7
Grounding Service-Supplied Alternating-Current Systems .24 .24 -24 -23, -53(a)
Conductor to Be Grounded—Alternating-Current Systems .26 .26 -26 -25
Main Bonding Jumper and System Bonding Jumper (System Bonding Jumper .28 .28 -28 -79, -53(b)

new in 2005 Code)
Grounding Separately Derived Alternating-Current Systems .30 .30 -30 -26
Buildings or Structures Supplied by Feeder(s) or Branch Circuit(s) .32 .32 -32 -24
Portable and Vehicle-Mounted Generators .34 .34 -34 -6
High-Impedance Grounded Neutral Systems .36 .36 -36 -27

Part III. Grounding Electrode System and Grounding Electrode
Conductor

Grounding Electrode System .50 .50 -50 -81
Grounding Electrodes .52 .52 -50, -52 -81, -83
Grounding Electrode System Installation .53 .53 -50, -52 -81, -83
Supplementary Grounding Electrodes .54 .54 -54 -91(c)
Resistance of Rod, Pipe, and Plate Electrodes .56 .56 -56 -84
Common Grounding Electrode .58 .58 -58 -54
Use of Air Terminals .60 .60 -60 -86
Grounding Electrode Conductor Material .62 .62 -62 -91(a)
Grounding Electrode Conductor Installation .64 .64 -64 -91(a), -92
Size of Alternating-Current Grounding Electrode Conductor .66 .66 -66 -94
Grounding Electrode Conductor and Bonding Jumper Connection to .68 .68 -68 -112

Electrodes
Methods of Grounding and Bonding Conductor Connection to Electrodes .70 .70 -70 -115

Part IV. Enclosure, Raceway, and Service Cable Grounding
Service Raceways and Enclosures .80 .80 -80 -32
Underground Service Cable or Raceway .84 .84 -84 -55
Other Conductor Enclosures and Raceways .86 .86 -86 -33

Part V. Bonding
General .90 .90 -90 -70
Services .92 .92 -92 -71
Bonding for Other Systems .94 .94 -92(b) -72
Bonding Other Enclosures .96 .96 -96 -75
Bonding for Over 250 Volts .97 .97 -97 -76
Bonding Loosely Jointed Metal Raceways .98 .98 -98 -77
Bonding in Hazardous (Classified) Locations .100 .100 -100 -78
Equipment Bonding Jumpers .102 .102 -102 -79
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Annex F — Cross-Reference Tables

Commentary Table F.2 Continued

2005 Article 250 Topic 2005 NEC 2002 NEC 1999 NEC 1996 NEC

Bonding of Piping Systems and Exposed Structural Steel .104 .104 -104 -80
Lightning Protection Systems .106 .106 -106 -46

Part VI. Equipment Grounding and Equipment Grounding Conductors
Equipment Fastened in Place or Connected by Permanent Wiring Methods .110 .110 -110 -42

(Fixed)
Fastened in Place or Connected by Permanent Wiring Methods .112 .112 -112 -43

(Fixed)—Specific
Equipment Connected by Cord and Plug .114 .114 -114 -45
Nonelectric Equipment .116 .116 -116 -44
Types of Equipment Grounding Conductors .118 .118 -118 -91(b)
Identification of Equipment Grounding Conductors .119 .119 -119 -57(b)
Equipment Grounding Conductor Installation .120 .120 -120 -92(c)
Size of Equipment Grounding Conductors .122 .122 -122 -95
Equipment Grounding Conductor Continuity .124 .124 -124 -99
Identification of Wiring Device Terminals .126 .126 -126 -119

Part VII. Methods of Equipment Grounding
Equipment Grounding Conductor Connections .130 .130 -130 -50
Short Sections of Raceway .132 .132 -132 -56
Equipment Fastened in Place or Connected by Permanent Wiring Methods .134 .134 -134 -57

(Fixed)—Grounding
Equipment Considered Effectively Grounded .136 .136 -136 -58
Cord-and-Plug-Connected Equipment .138 .138 -138 -59
Frames of Ranges and Clothes Dryers .140 .140 -140 -60
Use of Grounded Circuit Conductor for Grounding Equipment .142 .142 -142 -61
Multiple Circuit Connections .144 .144 -144 -62
Connecting Receptacle Grounding Terminal to Box .146 .146 -146 -74
Continuity and Attachment of Equipment Grounding Conductors to Boxes .148 .148 -148 -114

Part VIII. Direct-Current Systems
General .160 .160 -160 (new)
Direct-Current Circuits and Systems to Be Grounded .162 .162 -162 -3
Point of Connection for Direct-Current Systems .164 .164 -164 -22
Size of Direct-Current Grounding Electrode Conductor .166 .166 -166 -93
Direct-Current Bonding Jumper .168 .168 -168 -79(d)
Ungrounded Direct-Current Separately Derived Systems .169 .169 -169 (new)

Part IX. Instruments, Meters, and Relays
Instrument Transformer Circuits .170 .170 -170 -121
Instrument Transformer Cases .172 .172 -172 -122
Cases of Instruments, Meters, and Relays Operating at Less Than 1000 Volts .174 .174 -174 -123
Cases of Instruments, Meters, and Relays — Operating Voltage 1 kV and .176 .176 -176 -124

Over
Instrument Grounding Conductor .178 .178 -178 -125

Part X. Grounding of Systems and Circuits of 1 kV and Over (High
Voltage)

General .180 .180 -180 -150
Derived Neutral Systems .182 .182 -182 -151
Solidly Grounded Neutral Systems .184 .184 -184 -152
Impedance Grounded Neutral Systems .186 .186 -186 -153
Grounding of Systems Supplying Portable or Mobile Equipment .188 .188 -188 -154
Grounding of Equipment .190 .190 -190 -155
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Annex G

Administration and
Enforcement

Annex G is not a part of the requirements of this NFPA document and is included for informational
purposes only. This annex is informative unless specifically adopted by the local jurisdiction
adopting the National Electrical Code�.

80.19 Permits and ApprovalsSummary of Changes
(A) Application• Annex G: Article 80 relocated as new Annex G.
(B) Content
(C) Issuance of Permits
(D) Annual Permits

Contents (E) Fees
(F) Inspection and Approvals80.1 Scope

80.2 Definitions (G) Revocation of Permits
(H) Applications and Extensions80.3 Purpose

80.5 Adoption 80.21 Plans Review
(A) Authority80.7 Title

80.9 Application (B) Responsibility of the Applicant
(C) Responsibility of the Authority Having Jurisdiction(A) New Installations

(B) Existing Installations 80.23 Notice of Violations, Penalties
(A) Violations(C) Additions, Alterations, or Repairs

80.11 Occupancy of Building or Structure (B) Penalties
80.25 Connection to Electricity Supply(A) New Construction

(B) Existing Buildings (A) Authorization
(B) Special Consideration80.13 Authority

80.15 Electrical Board (C) Notification
(D) Other Territories(A) Creation of Electrical Board

(B) Appointments (E) Disconnection
80.27 Inspector’s Qualifications(C) Terms

(D) Compensation (A) Certificate
(B) Experience(E) Quorum

(F) Duties (C) Recertification
(D) Revocation and Suspension of Authority(G) Appeals

(H) Meetings and Records 80.29 Liability for Damages
80.31 Validity80.17 Records and Reports

(A) Retention 80.33 Repeal of Conflicting Acts
80.35 Effective Date(B) Availability
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Annex G — Administration and Enforcement

Chief Electrical Inspector. An electrical inspector who either isAnnex G is not new for the 2005 Code. It appeared as Article
the authority having jurisdiction or is designated by the authority80 and in Chapter 1 for the 2002 Code, but because the
having jurisdiction and is responsible for administering the require-

material is considered informative, it more appropriately
ments of this Code.

belongs in an annex. The purpose of this administrative
Electrical Inspector. An individual meeting the requirements ofannex is to assist jurisdictions that do not have formalized
80.27 and authorized to perform electrical inspections.electrical inspection procedures but want to amend their

inspection laws. It is intended to serve as a guide to the 80.3 Purpose. The purpose of this article shall be to provide
adoption of the Code. Because Annex G, Article 80, is requirements for administration and enforcement of the National
offered as a guide to the adoption process, its application is Electrical Code.
not mandatory unless it is specifically adopted by local law,

80.5 Adoption. Article 80 shall not apply unless specificallyas stated in the note after the title.
adopted by the local jurisdiction adopting the National ElectricalAnnex G, Article 80, has an interesting history. Origi-
Code.nally it was a model law that provided for inspection of

electrical installations. It was prepared by the NFPA Electri- 80.7 Title. The title of this Code shall be NFPA 70, National
cal Field Service Advisory Committee to serve as a guide Electrical Code�, of the National Fire Protection Association. The

short title of this Code shall be the NEC�.for those jurisdictions that either did not have formalized
electrical inspection procedures or wanted to amend their

80.9 Application.
electrical inspection laws, in addition to serving as a guide
for adopting the NEC. The model law was intended for use (A) New Installations. This Code applies to new installations.
by states as well as municipalities. The first edition was Buildings with construction permits dated after adoption of this

Code shall comply with its requirements.adopted by NFPA on May 15, 1973, and a second edition
was approved on March 27, 1987.

(B) Existing Installations. Existing electrical installations that doAnnex G, Article 80, continues to cover such issues as
not comply with the provisions of this Code shall be permittedcreation of an electrical board, plan review, and inspection.
to be continued in use unless the authority having jurisdiction

Professional qualifications of electrical inspectors and the determines that the lack of conformity with this Code presents an
investigation of fires attributed to electrical installations have imminent danger to occupants. Where changes are required for
been added. correction of hazards, a reasonable amount of time shall be given

Adoption of the NEC can occur in two ways. It can be for compliance, depending on the degree of the hazard.
incorporated in a law, or a law can be enacted authorizing

(C) Additions, Alterations, or Repairs. Additions, alterations,a governmental agency or board to adopt it. To facilitate
or repairs to any building, structure, or premises shall conform tothe drafting of such laws, as well as establishment of the
that required of a new building without requiring the existingaccompanying inspection and enforcement procedures,
building to comply with all the requirements of this Code. Addi-NFPA offers Annex G, Article 80, Administration and En-
tions, alterations, installations, or repairs shall not cause an existing

forcement. Annex G, Article 80, may require modification
building to become unsafe or to adversely affect the performance

to comply with the structure-writing rules of the adopting of the building as determined by the authority having jurisdiction.
political jurisdiction. Electrical wiring added to an existing service, feeder, or branch

Circumstances in a particular jurisdiction determine circuit shall not result in an installation that violates the provisions
which alternative is more appropriate. Provisions that are of the Code in force at the time the additions are made.
less comprehensive may be adequate for smaller political

80.11 Occupancy of Building or Structure.subdivisions.

(A) New Construction. No newly constructed building shall be
occupied in whole or in part in violation of the provisions of this80.1 Scope. The following functions are covered:
Code.(1) The inspection of electrical installations as covered by 90.2

(2) The investigation of fires caused by electrical installations (B) Existing Buildings. Existing buildings that are occupied at
(3) The review of construction plans, drawings, and specifications the time of adoption of this Code shall be permitted to remain in

for electrical systems use provided the following conditions apply:
(4) The design, alteration, modification, construction, mainte-

nance, and testing of electrical systems and equipment (1) The occupancy classification remains unchanged
(2) There exists no condition deemed hazardous to life or property(5) The regulation and control of electrical installations at special

events including but not limited to exhibits, trade shows, that would constitute an imminent danger
amusement parks, and other similar special occupancies

80.13 Authority. Where used in this article, the term authority
80.2 Definitions. having jurisdiction shall include the chief electrical inspector or

other individuals designated by the governing body. ThisCode shallAuthority Having Jurisdiction. The organization, office, or indi-
vidual responsible for approving equipment, materials, an installa- be administered and enforced by the authority having jurisdiction

designated by the governing authority as follows.tion, or a procedure.
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Annex G — Administration and Enforcement

(1) The authority having jurisdiction shall be permitted to render (12) The authority having jurisdiction shall be permitted to require
plans and specifications to ensure compliance with this Code.interpretations of this Code in order to provide clarification

to its requirements, as permitted by 90.4. (13) Whenever any installation subject to inspection prior to use
is covered or concealed without having first been inspected,(2) When the use of any electrical equipment or its installations is

found to be dangerous to human life or property, the authority the authority having jurisdiction shall be permitted to require
that suchwork be exposed for inspection. The authority havinghaving jurisdiction shall be empowered to have the premises

disconnected from its source of electric supply, as established jurisdiction shall be notified when the installation is ready for
inspection and shall conduct the inspection within days.by the Board. When such equipment or installation has been

so condemned or disconnected, a notice shall be placed thereon (14) The authority having jurisdiction shall be permitted to order
the immediate evacuation of any occupied building deemedlisting the causes for the condemnation, the disconnection, or

both and the penalty under 80.23 for the unlawful use thereof. unsafe when such building has hazardous conditions that pre-
sent imminent danger to building occupants.Written notice of such condemnation or disconnection and

the causes therefor shall be given within 24 hours to the (15) The authority having jurisdiction shall be permitted to waive
specific requirements in this Code or permit alternative meth-owners, the occupant, or both, of such building, structure, or

premises. It shall be unlawful for any person to remove said ods where it is assured that equivalent objectives can be
achieved by establishing and maintaining effective safety.notice, to reconnect the electric equipment to its source of

electric supply, or to use or permit to be used electric power Technical documentation shall be submitted to the authority
having jurisdiction to demonstrate equivalency and that thein any such electric equipment until such causes for the con-

demnation or disconnection have been remedied to the satis- system, method, or device is approved for the intended pur-
pose.faction of the inspection authorities.

(3) The authority having jurisdiction shall be permitted to delegate (16) Each application for a waiver of a specific electrical require-
ment shall be filed with the authority having jurisdiction andto other qualified individuals such powers as necessary for

the proper administration and enforcement of this Code. shall be accompanied by such evidence, letters, statements,
results of tests, or other supporting information as required(4) Police, fire, and other enforcement agencies shall have author-

ity to render necessary assistance in the enforcement of this to justify the request. The authority having jurisdiction shall
keep a record of actions on such applications, and a signedCodewhen requested to do so by the authority having jurisdic-

tion. copy of the authority having jurisdiction’s decision shall be
provided for the applicant.(5) The authority having jurisdiction shall be authorized to in-

spect, at all reasonable times, any building or premises for
80.15 Electrical Board.dangerous or hazardous conditions or equipment as set forth

in this Code. The authority having jurisdiction shall be permit-
(A) Creation of the Electrical Board. There is hereby createdted to order any person(s) to remove or remedy such dangerous
the Electrical Board of the of , hereinafter designatedor hazardous condition or equipment. Any person(s) failing
as the Board.to comply with such order shall be in violation of this Code.

(6) Where the authority having jurisdiction deems that conditions (B) Appointments. Board members shall be appointed by the
hazardous to life and property exist, he or she shall be permit- Governor with the advice and consent of the Senate (or by the
ted to require that such hazardous conditions in violation of Mayor with the advice and consent of the Council, or the equiva-
this Code be corrected. lent).

(7) To the full extent permitted by law, any authority having
jurisdiction engaged in inspection work shall be authorized (1) Members of the Board shall be chosen in a manner to reflect
at all reasonable times to enter and examine any building, a balanced representation of individuals or organizations. The
structure, or premises for the purpose of making electrical Chair of the Board shall be elected by the Board membership.
inspections. Before entering a premises, the authority having (2) The Chief Electrical Inspector in the jurisdiction adopting this
jurisdiction shall obtain the consent of the occupant thereof Article authorized in 80.15(B)(3)(a) shall be the nonvoting
or obtain a court warrant authorizing entry for the purpose of secretary of the Board. Where the Chief Electrical Inspector
inspection except in those instances where an emergency ex- of a local municipality serves a Board at a state level, he or
ists. As used in this section, emergency means circumstances she shall be permitted to serve as a voting member of the
that the authority having jurisdiction knows, or has reason to Board.
believe, exist and that reasonably can constitute immediate (3) The board shall consist of not fewer than five voting members.
danger to persons or property. Board members shall be selected from the following:

(8) Persons authorized to enter and inspect buildings, structures, a. Chief Electrical Inspector from a local government (for
and premises as herein set forth shall be identified by proper State Board only)
credentials issued by this governing authority. b. An electrical contractor operating in the jurisdiction

(9) Persons shall not interfere with an authority having jurisdiction c. A licensed professional engineer engaged primarily in the
carrying out any duties or functions prescribed by this Code. design or maintenance of electrical installations

(10) Persons shall not use a badge, uniform, or other credentials d. A journeyman electrician
to impersonate the authority having jurisdiction.

(4) Additional membership shall be selected from the following:(11) The authority having jurisdiction shall be permitted to investi-
gate the cause, origin, and circumstances of any fire, explosion, a. A master (supervising) electrician

b. The Fire Marshal (or Fire Chief)or other hazardous condition.
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Annex G — Administration and Enforcement

c. A representative of the property/casualty insurance in- Board, or of the Chief Electrical Inspector, or of the Electrical
Inspector complies with this law and, within fifteen (15) daysdustry

d. A representative of an electric power utility operating in after receipt of the appeal or after holding the hearing, shall
make a decision in accordance with its findings.the jurisdiction

e. A representative of electrical manufacturers primarily and (2) Conditions. Any person shall be permitted to appeal a decision
of the authority having jurisdiction to the Board when it isactively engaged in producing materials, fittings, devices,

appliances, luminaires (fixtures), or apparatus used as part claimed that any one or more of the following conditions
exist:of or in connection with electrical installations

f. A member of the labor organization that represents the a. The true intent of the codes or ordinances described in this
primary electrical workforce Code has been incorrectly interpreted.

g. A member from the public who is not affiliated with any b. The provisions of the codes or ordinances do not fully
other designated group apply.

h. A representative of a telecommunications utility operating c. A decision is unreasonable or arbitrary as it applies to
in the jurisdiction alternatives or new materials.

(3) Submission of Appeals. A written appeal, outlining the Code(C) Terms. Of the members first appointed, shall be ap-
provision from which relief is sought and the remedy pro-pointed for a term of 1 year, for a term of 2 years,
posed, shall be submitted to the authority having jurisdictionfor a term of 3 years, and for a term of 4 years, and thereafter
within 15 calendar days of notification of violation.each appointment shall be for a term of 4 years or until a successor

is appointed. The Chair of the Board shall be appointed for a term
(H) Meetings and Records. Meetings and records of the Boardnot to exceed years.
shall conform to the following:

(D) Compensation. Each appointed member shall receive the
(1) Meetings of the Board shall be open to the public as requiredsum of dollars ($ ) for each day during which the

by law.member attends a meeting of the Board and, in addition thereto,
(2) Records of meetings of the Board shall be available for reviewshall be reimbursed for direct lodging, travel, and meal expenses as

during normal business hours, as required by law.covered by policies and procedures established by the jurisdiction.

80.17 Records and Reports. The authority having jurisdiction(E) Quorum. A quorum as established by the Board operating
shall retain records in accordance with 80.17(A) and (B).procedures shall be required to conduct Board business. The Board

shall hold such meetings as necessary to carry out the purposes of
(A) Retention. The authority having jurisdiction shall keep a re-

Article 80. The Chair or a majority of the members of the Board
cord of all electrical inspections, including the date of such inspec-

shall have the authority to call meetings of the Board.
tions and a summary of any violations found to exist, the date of
the services of notices, and a record of the final disposition of all(F) Duties. It shall be the duty of the Board to:
violations. All required records shall be maintained until their

(1) Adopt the necessary rules and regulations to administer and usefulness has been served or as otherwise required by law.
enforce Article 80.

(2) Establish qualifications of electrical inspectors. (B) Availability. A record of examinations, approvals, and vari-
(3) Revoke or suspend the recognition of any inspector’s certifi- ances granted shall be maintained by the authority having jurisdic-

cate for the jurisdiction. tion and shall be available for public review as prescribed by law
(4) After advance notice of the public hearings and the execution during normal business hours.

of such hearings, as established by law, the Board is authorized
80.19 Permits and Approvals. Permits and approvals shall con-to establish and update the provisions for the safety of electri-
form to 80.19(A) through (H).cal installations to conform with the current edition of the

National Electrical Code (NFPA 70) and other nationally
(A) Application.recognized safety standards for electrical installations.

(5) Establish procedures for recognition of electrical safety stan- (1) Activity authorized by a permit issued under this Code shall
dards and acceptance of equipment conforming to these stan- be conducted by the permittee or the permittee’s agents or
dards. employees in compliance with all requirements of this Code

applicable thereto and in accordance with the approved plans(G) Appeals.
and specifications. No permit issued under this Code shall be
interpreted to justify a violation of any provision of this Code(1) Review of Decisions. Any person, firm, or corporation may

register an appeal with the Board for a review of any decision or any other applicable law or regulation. Any addition or
alteration of approved plans or specifications shall be approvedof the Chief Electrical Inspector or of any Electrical Inspector,

provided that such appeal is made in writing within fifteen in advance by the authority having jurisdiction, as evidenced
by the issuance of a new or amended permit.(15) days after such person, firm, or corporation shall have

been notified. Upon receipt of such appeal, said Board shall, (2) A copy of the permit shall be posted or otherwise readily
accessible at each work site or carried by the permit holderif requested by the person making the appeal, hold a public

hearing and proceed to determine whether the action of the as specified by the authority having jurisdiction.
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Annex G — Administration and Enforcement

(B) Content. Permits shall be issued by the authority having juris- authorizing the connection of an installation, such certificates
shall be issued to expire at a time to be stated therein anddiction and shall bear the name and signature of the authority

having jurisdiction or that of the authority having jurisdiction’s shall be revocable by the Electrical Inspector for cause.
(3) When any portion of the electrical installation within the juris-designated representative. In addition, the permit shall indicate the

following: diction of an Electrical Inspector is to be hidden from view
by the permanent placement of parts of the building, the

(1) Operation or activities for which the permit is issued person, firm, or corporation installing the equipment shall
(2) Address or location where the operation or activity is to be notify the Electrical Inspector, and such equipment shall not

conducted be concealed until it has been approved by the Electrical
(3) Name and address of the permittee Inspector or until days have elapsed from the time of
(4) Permit number and date of issuance such notification, provided that on large installations, where
(5) Period of validity of the permit the concealment of equipment proceeds continuously, the per-
(6) Inspection requirements son, firm, or corporation installing the equipment shall give

the Electrical Inspector due notice in advance, and inspections(C) Issuance of Permits. The authority having jurisdiction shall
shall be made periodically during the progress of the work.be authorized to establish and issue permits, certificates, notices,

(4) At regular intervals, the Electrical Inspector having jurisdic-and approvals, or orders pertaining to electrical safety hazards
tion shall visit all buildings and premises where work maypursuant to 80.23, except that no permit shall be required to execute
be done under annual permits and shall inspect all electricany of the classes of electrical work specified in the following:
equipment installed under such permits since the date of the

(1) Installation or replacement of equipment such as lamps and previous inspection. The Electrical Inspector shall issue a
of electric utilization equipment approved for connection to certificate of approval for such work as is found to be in
suitable permanently installed receptacles. Replacement of conformity with the provisions of Article 80 and all applicable
flush or snap switches, fuses, lamp sockets, and receptacles, ordinances, orders, rules, and regulations, after payments of
and other minor maintenance and repair work, such as replac- all required fees.
ing worn cords and tightening connections on a wiring device (5) If, upon inspection, any installation is found not to be fully in

(2) The process of manufacturing, testing, servicing, or repairing conformity with the provisions of Article 80, and all applicable
electric equipment or apparatus ordinances, rules, and regulations, the Inspector making the

inspection shall at once forward to the person, firm, or corpora-
(D) Annual Permits. In lieu of an individual permit for each tion making the installation a written notice stating the defects
installation or alteration, an annual permit shall, upon application, that have been found to exist.
be issued to any person, firm, or corporation regularly employing

(G) Revocation of Permits. Revocation of permits shall conformone or more employees for the installation, alteration, and mainte-
to the following:nance of electric equipment in or on buildings or premises owned

or occupied by the applicant for the permit. Upon application, an (1) The authority having jurisdiction shall be permitted to revoke
electrical contractor as agent for the owner or tenant shall be issued a permit or approval issued if any violation of this Code is
an annual permit. The applicant shall keep records of all work found upon inspection or in case there have been any false
done, and such records shall be transmitted periodically to the statements or misrepresentations submitted in the application
Electrical Inspector. or plans on which the permit or approval was based.

(2) Any attempt to defraud or otherwise deliberately or knowingly
(E) Fees. Any political subdivision that has been provided for design, install, service, maintain, operate, sell, represent for
electrical inspection in accordance with the provisions of Article sale, falsify records, reports, or applications, or other related
80 may establish fees that shall be paid by the applicant for a activity in violation of the requirements prescribed by this
permit before the permit is issued. Code shall be a violation of this Code. Such violations shall

be cause for immediate suspension or revocation of any related(F) Inspection and Approvals.
licenses, certificates, or permits issued by this jurisdiction. In
addition, any such violation shall be subject to any other(1) Upon the completion of any installation of electrical equip-

ment that has been made under a permit other than an annual criminal or civil penalties as available by the laws of this
jurisdiction.permit, it shall be the duty of the person, firm, or corporation

making the installation to notify the Electrical Inspector having (3) Revocation shall be constituted when the permittee is duly
notified by the authority having jurisdiction.jurisdiction, who shall inspect the work within a reasonable

time. (4) Any person who engages in any business, operation, or occu-
pation, or uses any premises, after the permit issued therefor(2) Where the Inspector finds the installation to be in conformity

with the statutes of all applicable local ordinances and all has been suspended or revoked pursuant to the provisions of
this Code, and before such suspended permit has been rein-rules and regulations, the Inspector shall issue to the person,

firm, or corporation making the installation a certificate of stated or a new permit issued, shall be in violation of this
Code.approval, with duplicate copy for delivery to the owner, author-

izing the connection to the supply of electricity and shall send (5) A permit shall be predicated upon compliance with the require-
ments of thisCode and shall constitute written authority issuedwritten notice of such authorization to the supplier of electric

service. When a certificate of temporary approval is issued by the authority having jurisdiction to install electrical
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Annex G — Administration and Enforcement

equipment. Any permit issued under this Code shall not take permitted to require that the corrected plans be submitted for
approval.the place of any other license or permit required by other

regulations or laws of this jurisdiction.
80.23 Notice of Violations, Penalties. Notice of violations and(6) The authority having jurisdiction shall be permitted to require
penalties shall conform to 80.23(A) and (B).an inspection prior to the issuance of a permit.

(7) A permit issued under this Code shall continue until revoked
(A) Violations.or for the period of time designated on the permit. The permit

shall be issued to one person or business only and for the (1) Whenever the authority having jurisdiction determines that
location or purpose described in the permit. Any change that there are violations of this Code, a written notice shall be
affects any of the conditions of the permit shall require a new issued to confirm such findings.
or amended permit. (2) Any order or notice issued pursuant to this Code shall be

served upon the owner, operator, occupant, or other person
(H) Applications and Extensions. Applications and extensions responsible for the condition or violation, either by personal
of permits shall conform to the following: service or mail or by delivering the same to, and leaving it

with, some person of responsibility upon the premises. For(1) The authority having jurisdiction shall be permitted to grant
unattended or abandoned locations, a copy of such order oran extension of the permit time period upon presentation by
notice shall be posted on the premises in a conspicuous placethe permittee of a satisfactory reason for failure to start or
at or near the entrance to such premises and the order or noticecomplete the work or activity authorized by the permit.
shall be mailed by registered or certified mail, with return(2) Applications for permits shall be made to the authority having
receipt requested, to the last known address of the owner,jurisdiction on forms provided by the jurisdiction and shall
occupant, or both.include the applicant’s answers in full to inquiries set forth

on such forms. Applications for permits shall be accompanied
(B) Penalties.by such data as required by the authority having jurisdiction,

such as plans and specifications, location, and so forth. Fees (1) Any person who fails to comply with the provisions of this
shall be determined as required by local laws. Code or who fails to carry out an order made pursuant to this

(3) The authority having jurisdiction shall review all applications Code or violates any condition attached to a permit, approval,
submitted and issue permits as required. If an application for or certificate shall be subject to the penalties established by
a permit is rejected by the authority having jurisdiction, the this jurisdiction.
applicant shall be advised of the reasons for such rejection. (2) Failure to comply with the time limits of an abatement notice
Permits for activities requiring evidence of financial responsi- or other corrective notice issued by the authority having juris-
bility by the jurisdiction shall not be issued unless proof of diction shall result in each day that such violation continues
required financial responsibility is furnished. being regarded as a new and separate offense.

(3) Any person, firm, or corporation who shall willfully violate
80.21 Plans Review. Review of plans and specifications shall

any of the applicable provisions of this article shall be guilty
conform to 80.21(A) through (C).

of a misdemeanor and, upon conviction thereof, shall be pun-
ished by a fine of not less than dollars ($ ) or(A) Authority. For new construction, modification, or rehabilita-
more than dollars ($ ) for each offense, togethertion, the authority having jurisdiction shall be permitted to review
with the costs of prosecution, imprisonment, or both, for notconstruction documents and drawings.
less than ( ) days or more than ( )
days.(B) Responsibility of the Applicant. It shall be the responsibility

of the applicant to ensure the following:
80.25 Connection to Electricity Supply. Connections to the elec-
tric supply shall conform to 80.25(A) through (E).(1) The construction documents include all of the electrical re-

quirements.
(A) Authorization. Except where work is done under an annual(2) The construction documents and drawings are correct and in
permit and except as otherwise provided in 80.25, it shall be unlaw-compliance with the applicable codes and standards.
ful for any person, firm, or corporation to make connection to a
supply of electricity or to supply electricity to any electric equip-(C) Responsibility of the Authority Having Jurisdiction. It
ment installation for which a permit is required or that has beenshall be the responsibility of the authority having jurisdiction to
disconnected or ordered to be disconnected.promulgate rules that cover the following:

(1) Review of construction documents and drawings within estab- (B) Special Consideration. By special permission of the author-
lished time frames for the purpose of acceptance or to provide ity having jurisdiction, temporary power shall be permitted to be
reasons for nonacceptance supplied to the premises for specific needs of the construction

(2) Review and approval by the authority having jurisdiction shall project. The Board shall determine what needs are permitted under
not relieve the applicant of the responsibility of compliance this provision.
with this Code.

(3) Where field conditions necessitate any substantial change from (C) Notification. If, within business days after the Electri-
cal Inspector is notified of the completion of an installation ofthe approved plan, the authority having jurisdiction shall be
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Annex G — Administration and Enforcement

(1) Have a demonstrated knowledge of the standard materials andelectric equipment, other than a temporary approval installation,
the Electrical Inspector has neither authorized connection nor disap- methods used in the installation of electric equipment

(2) Be well versed in the approved methods of construction forproved the installation, the supplier of electricity is authorized to
make connections and supply electricity to such installation. safety to persons and property

(3) Be well versed in the statutes of relating to electrical
(D) Other Territories. If an installation or electric equipment is work and the National Electrical Code, as approved by the
located in any territory where an Electrical Inspector has not been American National Standards Institute
authorized or is not required to make inspections, the supplier of (4) Have had at least years’ experience as an Electrical
electricity is authorized to make connections and supply electricity Inspector or years in the installation of electrical equip-
to such installations. ment. In lieu of such experience, the applicant shall be a

graduate in electrical engineering or of a similar curriculum(E) Disconnection. Where a connection is made to an installation
of a college or university considered by the Board as havingthat has not been inspected, as outlined in the preceding paragraphs
suitable requirements for graduation and shall have had twoof this section, the supplier of electricity shall immediately report
years’ practical electrical experience.such connection to the Chief Electrical Inspector. If, upon subse-

quent inspection, it is found that the installation is not in conformity
(C) Recertification. Electrical inspectors shall be recertified aswith the provisions of Article 80, the Chief Electrical Inspector
established by provisions of the applicable certification program.shall notify the person, firm, or corporation making the installation

to rectify the defects and, if such work is not completed within
(D) Revocation and Suspension of Authority. The Board shallfifteen (15) business days or a longer period as may be specified
have the authority to revoke an inspector’s authority to conductby the Board, the Board shall have the authority to cause the
inspections within a jurisdiction.disconnection of that portion of the installation that is not in con-

formity. 80.29 Liability for Damages. Article 80 shall not be construed to
affect the responsibility or liability of any party owning, designing,80.27 Inspector’s Qualifications.
operating, controlling, or installing any electric equipment for dam-

(A) Certificate. All electrical inspectors shall be certified by a ages to persons or property caused by a defect therein, nor shall
nationally recognized inspector certification program accepted by the or any of its employees be held as assuming any such
the Board. The certification program shall specifically qualify the liability by reason of the inspection, reinspection, or other examina-
inspector in electrical inspections. No person shall be employed tion authorized.
as an Electrical Inspector unless that person is the holder of an
Electrical Inspector’s certificate of qualification issued by the 80.31 Validity. If any section, subsection, sentence, clause, or

phrase of Article 80 is for any reason held to be unconstitutional,Board, except that any person who on the date on which this
law went into effect was serving as a legally appointed Electrical such decision shall not affect the validity of the remaining portions

of Article 80.Inspector of shall, upon application and payment of the
prescribed fee and without examination, be issued a special certifi-

80.33 Repeal of Conflicting Acts. All acts or parts of acts incate permitting him or her to continue to serve as an Electrical
conflict with the provisions of Article 80 are hereby repealed.Inspector in the same territory.

80.35 Effective Date. Article 80 shall take effect ( )(B) Experience. Electrical inspector applicants shall demonstrate
the following: days after its passage and publication.
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Panelboards, use in, 408.36(C) Luminaires (lighting fixtures), 547.8 Leakage current detection and inter-A
Motors, 547.7Ratings, type loads, 408.36(C) ruption (LCDI) protection,AC and DC conductors in same en-
Service equipment, separately de-AC resistance and reactance conver- 440.65closure, 300.3(C)(1), 725.26

rived systems, feeders, dis-sion, Chap. 9, Table 9 Definition, 440.2AC armored cable. see Armored cable
connecting means, andAC systems Mobile homes, 550.20(Type AC) grounding, 547.9Conductor to be grounded, 250.26 Nameplate requirements, 440.4Access and working space. see also Surface temperatures, 547.4Grounding connections, 250.24(A) Overload protection, 440–VIWorking space Switches, receptacles, circuit break-Grounding electrode conductor, Application and selection of,Audio signal processing, amplifica- ers, controllers, and fuses,250.66 440.52tion, and reproduction equip- 547.6Grounding of, 250.20, 250.30 Branch-circuit conductors for,ment, 640.46 Wiring methods, 547.5In same metallic enclosures, 440.52(B)Elevator machine room, 620.71 Air conditioners, room, 440–VII215.4(B), 300.20 General, 440.51Induction and dielectric heating Branch-circuit requirements, 440.62Sensitive electronic equipment, Motor-compressors, 440.52(A)equipment, 665.22 Definition, 440.60647.3, 647.5 On 15- or 20-ampere branch cir-Manholes, 110.72, 110.73, 110.75 Disconnecting means, 440.63Administration and enforcement, cuits, 440.54Not over 600 volts, 110.26 Grounding, 440.61Annex G Park trailers, 552.59(B)Over 600 volts, 110–III Nameplate marking, 440.4Adoption of Code, Annex G 80.5 Rated-load currentPortable substations, 530.62 Air-conditioning and refrigeratingApplication of Code, Annex G 80.9 Definition, 440.2Switchboards, 408.18 equipment, Art. 440Authority, Annex G 80.13 Marking on nameplate, 440.4(A)Transformers, electric signs, Arc-fault circuit-interrupter protec-Connection to electricity supply, Room air conditioners. seeAir condi-600.21(D) tion, 440.65Annex G 80.25 tioners, roomVaults and tunnels, 110.76 Branch circuit

Definitions, Annex G 80.2 Single machine, when considered,Accessible Conductors, 440–IV
Effective date, Annex G 80.35 440.8Air-conditioning and refrigeration Ampacity, determination of,
Electrical board, Annex G 80.15 Aircraft hangars, Art. 513disconnects, 440.14 440.6
Inspector’s qualifications, Annex G Aircraft batteries, 513.10Conduit bodies, junction, pull, and Combination loads for, 440.34

80.27 Aircraft electrical systems,General, 440.31outlet boxes, 314.29
Liability for damages, Annex G 513.10(A)Multimotor equipment for,Definition, Art. 100–I

80.29 Classification of locations, 513.3440.35Grounding electrode connection,
Notice of violations, penalties, Definitions, 513.2Several motor-compressors for,250.68(A)

Annex G 80.23 Equipment, 513.4, 513.7, 513.8,440.33Motor disconnects, 430.107
Occupancy of building or structure, Single motor-compressor for, 513.10Overcurrent devices, 240.24

Annex G 80.11 440.32 Ground-fault circuit interrupters,Panels, cables, raceways, busways,
Permits and approvals, Annex G Outlets, 210.63 513.12and equipment installed be-

80.19 Selection current Grounding, 513.16hind, 368.10(B), 725.7,
Plans review, Annex G 80.21 Definition, 440.2 Mobile servicing equipment,760.7, 770.21, 800.21, 830.21 Records and reports, Annex G 80.17 Marking on nameplate, 513.7(F), 513.10(D)Readily Repeal of conflicting acts, Annex G 440.4(C) Portable equipment, 513.10(E)Definition, Art. 100–I 80.33 Short-circuit and ground-fault pro- Sealing, 513.9Sealing fittings, 501.15(C)(1), Title of Code, Annex G 80.7 tection, 440–III Stanchions, rostrums, and docks,502.15, 505.16(D)(1), Validity of article, Annex G 80.31 Equipment for, 440.22(B) 513.7(E)506.16. see also Hazardous Aerial cables General, 440.21 Wiring, 513.4, 513.7, 513.8(classified) locations Identification, 200.6(A) Individual motor-compressor Air plenums. see PlenumsServices, 230.70 Installation, 820.44 for, 440.22(A) Air terminals. see Lightning rods;Splices and taps in auxiliary gutters, Messenger supported wiring, Art. Controllers for, 440–V

Lightning (surge) arresters366.56(A) 396 Marking, 440.5
AlarmsSplices and taps in wireways, 376.56, Network-powered broadband com- Rating, 440.41

Burglar. see Remote-control, signal-378.56 munications systems — aerial Definitions, 440.2, 551.2
ing, and power-limited cir-Transformers, signs, outlet lighting, cables, 830.44 Disconnecting means, 440–II
cuits600.21(A) Agricultural buildings, Art. 547 Cord-connected equipment,

Fire, 230.82(5), 230.94 Ex. 4. seeTransformers and vaults, 450.13 Bonding and equipotential plane, 440.13
also Fire alarm systemsUnfinished attics and roof spaces, 547.10 Ratings and interrupting capacity,

Alarm systems, health care facilities,knob-and-tube wiring, Definitions, 547.2 440.12
517.32(C), 517.42(C)394.23(A) Equipotential planes, bonding, Room air conditioners, 440.63

Alternate power sourceAC-DC general-use snap switches 547.10 Hermetic refrigerant motor-compres-
Definition, 517.2Marking, 404.15 Feeder and service loads, calculation sor. see Hermetic refrigerant

motor-compressorsMotors, 430.83(C) of, 220–V Alternators. see Generators
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Aluminum conduit. see Rigid metal Overcurrent protection, 422.11 Attachment plugs (caps). see also Grounding, 366.60
Indoorsconduit Hazardous (classified) loca-Single, 210.20, 422.11(E)

Aluminum siding, grounding of, tions; Receptacles, cord con- Listing requirements, 366.6(B)Portable
250.116 FPN nectors and attachment plugs Marking, 366.120(B)Definition, 550.2, 551.2

Ambient temperature, 310.10 FPN. (caps) Uses permitted, 366.10(A)(1),Recreational vehicles, in, 551.41C
see also Temperature limita- Construction of, 406.6 366.10(B)(2)Ex. 1, 551.42
tions Definition, Art. 100–I Installation, 366–IISignal transmission between, 517.82

Ambulatory health care centers. see Flexible cords on, 210.50(B), Listing, 366.6Small, 550.12(B)
also Health care facilities 400.7(B), 400.24 Marking, 366.120Stationary

Definition, 517.2 Grounding type, 406.9 MetallicDefinition, 550.2, 551.2
Essential electrical systems, 517.45 Polarized, terminal identification, Conductors, 366.22(A), 366.23(A)Subject to immersion, 422.41

Ampacities. see also subhead,Ampaci- 200.10(B) Definition, 366.2Terminals, identification, 200.10(E)
ties, under entries for specific Attics Securing and supporting,Approval, approved
wiring and equipment Armored cable, 320.23 366.30(A)Definition, Art. 100–I

Conductors, 310.15, Tables 310.16 Knob and tube, 394.23 Uses permitted, 366.10(A)Equipment and materials, 90.4, 90.7,
through 310.21, 310.61 Lighting outlets required, Nonmetallic110.2, 500.8(A), Annex G
through 310.86, 366.23, 210.70(A)(3) Conductors, 366.22(B), 366.23(B)80.19
B.310.1 through B.310.10 Metal clad cable, 330.23 Definition, 366.2Arc-fault circuit interrupters, 210.12

Crane and hoist conductors, Table Nonmetallic-sheathed cable, 334.23 Marking, 366.120Definition, 210.12(A)
610.14(A) Open wiring, 398.23 Securing and supporting,Protection, 210.12(B), 440.65,

Definition, Art. 100–I Sign transformers in, 600.21(E) 366.30(B)550.25
Fixture wires, 402.5 Audio signal processing, amplifica- Uses permitted, 366.10(B)Arcing parts, 240.41
Grounding, 250.122 tion, and reproduction OutdoorsEnclosure of, 110.18, 430.14(B),
Tables, 0-2000 volts, 310.16 through equipment, Art. 640 Listing requirements, 366.6(A)511.7(B)(1), 513.7(C),

310.21, Annex B Access, 640.5, 640.46 Marking, 366.120(A)515.7(B), 516.7(B),
Anesthetizing locations, 517–IV. see Conduit or tubing, 640.23 Uses permitted, 366.10(A)(1),517.61(B)(2)

also Health care facilities Definitions, 640.2 366.10(B)(1)Arc lamps, portable
Definition, 517.2 Environmental protection, 640.44 Sound recording, similar equipment,Motion picture studios, 530.17
Flammable Flexible cords, use of, 640.21, 640.7(A), 640.24Stage equipment, 410.2, 520.61

Definition, 517.2 640.42, 640.45 Splices and taps, 366.56Arc-welder motors. see Welders, elec-
Antenna discharge units, 810.20, Grounding, 640.7 Supports, 366.30tric

810.57 Grouping of conductors, 640.8 Uses not permitted, 366.12Arc welders. see Welders, electric
Antenna systems, radio and televi- Locations and other articles, 640.3 Uses permitted, 366.10Arenas, 410.4(E), Art. 518, Art. 520

sion. see Community antenna Loudspeakers in fire resistant con-Emergency lighting system, Art. 700
television and radio distribu- struction, 640.25Armored cable (Type AC), Art. 320
tion (CATV) systems; Radio Mechanical execution of work, 640.6Accessible attics, 320.23 B
and television equipment Motion picture projectors, 540.50Ampacity, 320.80 Back-fed devices, 408.36(F)Apparatus Permanent installations, 640–IIBends, 320.24 Backfill, 300.5(F), 300.50(D)Associated, grounding of, 504.50(A) Portable and temporary installations,Boxes and fittings, 320.40 Ballasts, electric discharge lamps,Definition, 504.2 640–IIIConductor type, 320.104 410–XIII, 410–XIVIntrinsically safe, grounding of, Protection of electrical equipment,Construction, 320.100, 320–III Protection in fluorescent fixtures,504.50(A) 640.4Definition, 320.2 410.73(E)Definition, 504.2 Theaters, 520.4

Equipment grounding, 320.108 Protection in recessed HID fixtures,Simple Transformers, 640.9(D)
Exposed work, 320.15 410.73(F)Definition, 504.2 Definition, 640.2
Marking, 320.120 Bare conductorsAppliances, Art. 422. see also Motors Underwater, 680.27(A), 680.43(G)
Supports, 320.30 Ampacities, 310.15(B)(3)Battery-powered, 517.64(E) Water, near, 640.10
Through or parallel to framing mem- Contact conductors, cranes andBranch circuits. see Branch circuits, Wireways, gutters, auxiliary gutters,

bers, 320.17 hoists, 610–IIIappliances 640.24
Uses not permitted, 320.12 Definition, Art. 100–ICords. see Cords, flexible Wiring methods, 640.9
Uses permitted, 320.10 Service entrance, Type SE, USE,Definition, Art. 100–I Wiring of equipment racks, 640.22,

Armories, Art. 518 338.100Disconnecting means, 422–III 640.43
Emergency lighting system, Art. 700 Sizing conduits for, Chap. 9, Note 3Dwelling units, outlets, 210.52 Auditoriums, Art. 518, Art. 520

Array, solar photovoltaic systems to Table 1Feeder calculations for, 220.40 Emergency lighting system, Art. 700
Definition, 690.2 Underground conduits, groundedFixed, 550.12(D), 551.42(A) to (C) Authority having jurisdiction, 90.4.

Arresters, surge. see Lightning (surge) neutral, 230.30 Ex., 230.41Definition, 550.2, 551.2 see also Approval
arresters Ex.Grounding, 250–VI, 550.16, 551.54 Definition, Art. 100–I

Artificially made bodies of water. see Barriers, 408.3(A)(2)Hazardous (classified) locations. see Automatic
Natural and artificially made Basements (cellars)Hazardous (classified) loca- Definition, Art. 100–I
bodies of water, electrical Armored cable, 320.15tions Autotransformers. see Transformers
wiring and equipment for Lighting outlets required,Household cooking, demand factors Auxiliary gutters, Art. 366

Askarels 210.70(A)(3)and loads for, Table 220.55 Conductors
Definition, Art. 100–I Nonmetallic extensions, 382.12(1)Installation, 422–II Ampacities, 366.23
Transformers, 450.25 Nonmetallic sheathed cable, 334.15Load calculations, 220.14, 220.40, Clearance, bare live parts,

Assembly, places of, 410.4(E), Art. 518 Receptacles in, 210.8(A)(5),Table 220.55 366.100(E)
Classifications, 518.2 210.52(G), 406.8(A)Marking, 422–V Insulated, 366.58
Emergency lighting system, Art. 700 Unfinished, 210.8(A)(5)Mobile homes, in, 550.12(B) and Number of, 366.22
Supply, 518.5 Bathroom(D), 550.14 Construction specifications, 366–III
Theaters, audience areas, Art. 520 Branch circuits for, 210.11(C)(3)Motor-driven, 422.10(A) Covers, 366.100(D)
Wiring methods, 518.4 Definition, Art. 100–IDisconnecting means, 422.32 Definitions, 366.2

Atmospheric groups. see Hazardous Fixed electric space-heating equip-Load, 220.18(A) Extension beyond equipment,
366.12(2)Marking, 422.62 (classified) locations ment cables, 424.44(G)
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Lighting outlets required, Liquidtight flexible metal conduit Not required, 590.4(G) Small appliance, 210.11(C)(1)
(Type LFMC), 350.60 Over 600 volts, 314.IV210.70(A)(1), 210.70(B) Stage or set, 530.23

Liquidtight flexible nonmetallic con- Plugging (motion picture and TV stu-Receptacles in, 210.8(A)(1), Taps from, 210.19(A), Table 210.24,
duit (Type LFNC), 356.60 dios)210.8(B)(1), 406.8(C), 240.4(E), 240.5(B)(2)

Loosely jointed raceways, 250.98 Definition, 530.2550.12(E), 550.12(F), Through luminaires (fixtures),
Manufactured buildings, 545.11 Portable, in theaters, 520.62551.41(C), 552.41(F) 410.11, 410.31
Naturally and artificially made bod- Repairing plaster around, 314.21Bathtubs Two or more outlets on, 210.24

ies of water, electrical equip- Required location, 300.15Hydromassage, 680–VI, 680–VII Voltage drop, 210.19(A) FPN No. 4
ment for, 682–III Round, 314.2Definition, 680.2 Voltage limitations, 210.6

Network-powered broadband com- Secured supports, 300.11, 314.23Fixed electric space-heating X-ray equipment, 517–V, 660.4,
munications systems, Snap switches over 300 volts, notequipment cables, 424.44(G) 660.6(A)
830.100(D), 830.106(B) ganged, 404.8(B)Luminaires (lighting fixtures), Branch-circuit selection current

Other enclosures, 250.96 Unused openings, closed, 110.12(A)410.4(D), 550.14(D), Definition, 440.2
Outside raceway, 250.102(E) Vertical raceway runs, 300.19551.53(B) Marking on nameplate, 440.4(C)
Over 250 volts, 250.97 Volume calculations, 314.16(A)Batteries. see also Storage batteries Building
Panelboards, 408.40, 517.14 Wall or ceiling, 314.20Aircraft, 513.10 Definition, Art. 100–I
Park trailers, 552.57 Wet locations, 314.15(A)Installations, Art. 480, 690.4, 690.71 First floor of, 362.10
Piping systems and exposed struc- Branch circuits, Art. 210, Art. 220Nominal voltage Building component

tural steel, 250.104 Air conditioners, 440–IV, 440–VIIDefinition, 480.2 Definition, 545.3
Raceways. see Raceways Appliances, 210.23, 422–IISealed Building system
Receptacles, 250.146 Calculations, 220–IIDefinition, 480.2 Definition, 545.3
Recreational vehicles, 551.55(B), Definition, Art. 100–IInsulation, 480.6(D) Building wire. see Conductors

551.56 Arc-fault circuit-interrupter protec-Vents, 480.10(B) Bulk storage plants, Art. 515. see also
Separately derived systems, tion, 210.12Battery charging equipment, Hazardous (classified) loca-

250.104(D) Audio equipment, 640.10(A),511.10(A) tions
Service equipment, 250.92, 250.94 640.41, 640.42(E)Aircraft hangars, 513.10(B) Class I locations, 515.3
Swimming pools. see Swimming Bathrooms, 210.11(C)(3)Bedrooms Definition, 515.2

pools Busways as branch circuits, 368.17Arc-fault circuit-interrupter protec- Gasoline dispensing, 515.10
Switches, general-use snap, 250.147 Calculation of loads, 220–II, Annextion, 210.12(B), 550.25(B) Grounding, 515.16
Tunnels, 110.54 DBell circuits. see Remote-control, sig- Sealing, 515.9

Bonding jumpers. see Jumpers, bond- Color code, 210.5naling, and power-limited cir- Underground wiring, 515.8
ing Common area, 210.25cuits Wiring and equipment, 515.4, 515.7

Bored holes through studs, joists, Conductors, minimum ampacity andBends, 300.34. see also subhead under Bull switches
300.4(A)(1) size, 210.19entries for specific wiring sys- Definition, 530.2

Bowling alleys, Art. 518 Critical, 517.33, 517.43tem Burglar alarm systems. see Remote-
Emergency lighting system, Art. 700 Definition, 517.2Block (city, town, or village) control, signaling, and power-

Boxes (outlet, device, pull, and junc- Definition, Art. 100–IDefinition, 800.2 limited circuits
tion), Art. 314. see also Haz- Fixed electric space heating equip-Blocking diode, solar photovoltaic Busbars
ardous (classified) locations ment, 424.3systems Aboveground wiring methods,

Accessibility, 314.29 General, 210–IDefinition, 690.2 300.37
Concealed work, 314.20 General-purposeBoat houses and boat hoists, ground- Auxiliary gutters, 366.100(E)
Conductors, number in box, 314.16 Definition, Art. 100–Ifault circuit interrupters, Industrial control panels, 409.102

Entering boxes, conduit bodies or Health care facilities, 517.18(A)
210(8)(A)(8), 210.8(C) Motor control centers, 430.97

fittings, 314.17 IndividualBoatyards. see Marinas and boatyards Switchboards, 408.51
Construction specifications, 314–III Definition, Art. 100–I

Bodies, conduit. see Conduit bodies Bushings
Covers, 314.25, 314.28(C), 314.41, Overcurrent protection, 210.20

Boilers Fiber. see Fiber bushings
314.42, 314.72(E) Permissible loads, 210.23

Electrode-type Generators, 445.16
Cutout. see Cabinets, cutout boxes, Rating or setting, 430.52

600 volts or less, 424–VIII High density polyethylene conduit,
and meter socket enclosures Required, 490.72, 520.53(F)(2),

Over 600 volts, 490–V 353.46
Damp locations, 314.15(A) 600.5, 605.8(B), 620.22 to

Resistance-type, 424–VII Insulated, 300.4(F), 312.6(C)Depth, 314.24 620.25
Bonding, 250–V Lampholders attached to flexibleDrop, 520.46 Infrared lamps, 422.14

Carnivals, circuses, fairs, and similar cord, 410.30(A)Definition, theaters, etc., 520.2 Isolated power systems, 517.160
events, 525–IV Securing fittings or raceways,Enclosures, handhole, 314.29, Maximum loads, 220.18

CATV and radio distribution sys- 300.4(F)314.30 Mobile homes, 550.11, 550.12
tems, 820.100(B), 820.106 Intermediate metal conduit, 342.46Exposed surface extensions, 314.22 Motor, on individual branch circuit.

Communications circuits, Motors, 430.13Fill calculations, 314.16(B) see Motors
800.100(D), 800.106(B) Outlet boxes, conduit bodies, andFloor, for receptacles, 314.27(C) Multiwire, 210.4, 501.40, 502.40,

Definition, Art. 100–I outlet fittings, 314.17(D),Grounding, 250.148, 250–VI 505.21
Equipotential, 547.10, 680.26, 314.42Gutters, auxiliary, used as, 366.58(B) Definition, Art. 100–I

682.33 Rigid metal conduit, 344.46Insulating. see Boxes, nonmetallic Outside. see Outside branch circuits
Flexible metal conduit (Type FMC), Rigid nonmetallic conduit, 352.46Junction, pull. see Junction boxes and feeders

348.60 Snow-melting and deicing equip-Lighting (luminaires) outlets. see Overcurrent protection, 210.20,
Floating buildings, 553.11 ment, 426.22(C)Lighting outlets 240.3
Grounding-type receptacles, 250.146 Underground installations, 300.5(H)Metal Patient bed location, 517.18(A),
Hazardous (classified) locations. see Use in lieu of box or terminal fitting,Construction, 314.40, 314–III 517.19(A)

Hazardous (classified) loca- 300.16(B)Grounding, 314.4 Permissible loads, 210.23
tions Busways, Art. 368Installation, 314–II Ratings, 210.3, 210–II

Induction and dielectric heating Branches from, 368.56Nonmetallic, 314.3, 314.17(C), Recreational vehicles, 551.42
equipment, 665.26 Construction, 368–II314.43, 334.40 Requirements for, Table 210.24

Intrinsically safe systems, 504.60 Dead ends closed, 368.58Wireways used as pull boxes, Selection current, 440.4(C)
Definition, 440.2Irrigation machines, 675.14 378.23(B) Definition, 368.2
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Extension through walls and floors, Flexible. see Cords, Flexible Definition, 800.2 Ground-fault circuit-interrupter
protection, 525.23368.10(C) Grouped Cable suspension, 300.19

Cable trays, Art. 392Feeder or branch circuits, 368.17 Definition, 520.2 Portable distribution or terminal
boxes, 525.22Grounding, 368.60 Heating. see Heating cables Ampacity, 392.11, 392.13

Cable fill, 392.9, 392.10, 392.12Over 600 volts, 368.260 Installation in cable trays, 392.8 Rides, 525.21
Tents, 525.21Installation, 368–II Installed in shallow grooves, Cable installation, 392.8

Marking, 368.120, 368.320 Cartridge fuses, 240–VI300.4(E) Conduits and cables supported from,
Overcurrent protection, 368.17 Disconnection, 240.40Instrumentation tray (Type ITC). see 392.6(J)
Over 600 volts, 368–IV CATV systems. see Community an-Instrumentation tray cable Construction specifications, 392.5
Reduction in size, 368.17(B) tenna television and radio dis-(Type ITC) Definition, 392.2
Support, 368.30 tribution (CATV) systemsIntegrated gas spacer cable (Type Grounding, 392.7
Under 600 volts, 368.240 Ceiling fans, 680.22(B), 680.43(B)IGS). see Integrated gas Installation, 392.6
Through walls and floors, 368.10(C) Support of, 314.27(D), 422.18spacer cable (Type IGS) Separation, 392.6(F)(2)
Uses not permitted, 368.12 CellMedium voltage cable (Type MV). Uses not permitted, 392.4
Uses permitted, 368.10 Cellular concrete floor racewayssee Medium voltage cable Uses permitted, 392.3, 392.6(A)

Bypass isolation switch, 700.6(B), Definition, 372.2(Type MV) Calculations, Annex D. see also Loads
701.7(B) Cellular metal floor raceways, 374.2Metal-clad cable (Type MC). see Camping trailer. see also Recreational

Definition, Art. 100–I Electrolytic. see Electrolytic cellsMetal-clad cable (Type MC) vehicles (camping trailers,
Sealed, storage batteries, 480.6(D),Mineral-insulated metal-sheathed motor homes, park trailers,

480.10(B)(Type MI). see Mineral- travel trailers, truck campers)
C Definition, 480.2insulated metal-sheathed Camping trailer

Solarcable (Type MI) Definition, 551.2Cabinets, cutout boxes, and meter
Definition, 690.2Nonmetallic extension. see Nonme- Canopiessocket enclosures, Art. 312

Cellars. see Basementstallic extensions Boxes and fittings, 314.25Construction specifications, 312–II
Cell line, electrolytic cellsDamp, wet, or hazardous (classified) Nonmetallic-sheathed (Types NM, Live parts, exposed, 410.3

Attachments and auxiliary equipmentlocations, 312.2 NMC, and NMS). see Non- Luminaires (lighting) fixtures
Definition, 668.2Definitions, Art. 100–I metallic-sheathed cable Conductors, space for, 410.10

Definition, 668.2Deflection of conductors, 312.6 (Types NM, NMC, and NMS) Cover
Cellular concrete floor raceways,Art.Installation, 312–I Nonmetallic underground conduit At boxes, 410.12

372Insulation at bushings, 300.4(F), with conductors. see Nonme- Combustible finishes, covering
Ampacity of conductors, 372.17312.6(C) tallic underground conduit required between canopy and
Connection to cabinets and other en-Position in walls, 312.3 with conductors box, 410.13

closures, 372.6Switch enclosures, splices, taps, Optical fiber. see Optical fiber cables Mechanical strength, 410.38
Definitions, 372.2312.8 Other types of. see names of systems Capacitors, Art. 460. see also Hazard-
Discontinued outlets, 372.13Unused openings, 110.12(A) Point of entrance ous (classified) locations
Header, 372.5Wire-bending space at terminals, Definition, 800.2, 820.2, 830.2 Enclosing and guarding, 460.2
Inserts, 372.9312.6(B) Portable. see Cords, flexible Induction and dielectric heating,
Junction boxes, 372.7Wiring space, side or back, 312.9 Power and control tray cable (Type 665.24
Markers, 372.8Cable bending. see type of cable TC). see Power and control 600 volts and under, 460–I
Number of conductors, 372.11Cablebus, Art. 370 tray cable (Type TC) Conductors, 460.8
Size of conductors, 372.10Conductors, 370.4 Preassembled in nonmetallic conduit. Grounding, 460.10
Splices and taps, 372.12Overcurrent protection, 370.5 see Nonmetallic underground Marking, 460.12
Uses not permitted, 372.4Terminations, 370.8 conduit with conductors Means for discharge, 460.6

Cellular metal floor raceways, Art.Definition, 370.2 Protection against physical damage, Overcurrent protection, 460.8(B)
374Fittings, 370.7 300.4 Rating or setting of motor overload

Grounding, 370.9 Ampacity of conductors, 374.17Sealing, 501.15(D), 501.15(E), device, 460.9
Marking, 370.10 Connection to cabinets and extension

505.16(A)(2), 505.16(B)(5), Phase converters, 455.23
Support and extension through walls from cells, 374.11

505.16(B)(6), 505.16(B)(7), Over 600 volts, 460–II
and floors, 370.6 Construction, 374–II

505.16(C)(2) Grounding, 460.27
Use, 370.3 Definitions, 374.2

Secured, 300.11, 314.17(B) and (C) Identification, 460.26Cable connectors Discontinued outlets, 374.7
Service. see also Service-entrance Means for discharge, 460.28Definition, 324.2 Inserts, 374.10

cable (Types SE and USE) Overcurrent protection, 460.25Theater, 520.67 Installation, 374–I
Definition, Art. 100–I Switching, 460.24Cable end fittings, changing from Junction boxes, 374.9

Service-entrance (Types SE and X-ray equipment, 660.36cable to knob-and-tube, Markers, 374.8
USE). see Service-entrance Caps. see Attachment plugs300.16(A) Number of conductors, 374.5
cable (Types SE and USE) Carnivals, circuses, fairs, and similarCables Size of conductors, 374.4

Splices in boxes, 300.15 events, Art. 525Aerial, 820.44, 830.40 Splices and taps, 374.6
Stage, 530.18(A) Conductor overhead clearance, 525.5Armored (Type AC). see Armored Uses not permitted, 374.3
Supported from cable trays, 392.6(J) Grounding and bonding, 525–IVcable (Type AC) Chair lifts. see Elevators, dumbwaiters,
Through studs, joists, rafters, 300.4 Equipment bonding, 525.30Border lights, theater, 520.44(B) escalators, moving walks,
Traveling, elevator, 620.11(B), Equipment grounding, 525.31Bundled wheelchair lifts, and stairway

620.12(A), 620–V Grounding conductor continuityDefinition, 520.2 chair lifts
Underground, 230–III, 300.5, 300.50 assurance, 525.32CATV, Art. 820 Churches, Art. 518
Underground feeder and branch cir- Power sources, 525–IIIContinuity, 300.12 Cinder fill

cuit Type UF. see Under- Multiple sources of supply, 525.11Definition, 800.2 High density polyethylene conduit,
ground feeder and branch- Services, 525.10Flat cable assemblies (Type FC). see 353.10(3)
circuit cable (Type UF) Protection of electrical equipment,Flat cable assemblies (Type Intermediate or rigid metal conduits

Vehicle supply equipment, 625.17 525.6, 525.23FC) and electrical metallic tubing,
Welding, 630–IV Wiring methods, 525–IIIFlat conductor (Type FCC). see Flat in or under, 342.10(C),

344.10(C)conductor cable (Type FCC) Cable sheath Concessions, 525.21
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Rigid nonmetallic conduit, 352.10(C) Photovoltaic source, 690.1, 690.6 to Clothes dryers Mobile homes, 800.106
Protection, 800–IIICircuit breakers, Art. 240. see also 690.9 Calculations for, 220.53

Feeder demand factors, Table 220.54Hazardous (classified) loca- Definition, 690.2 Devices, 800.90
Grounding, 800.100, 800.106(A)tions Power-limited. see Remote-control, Grounding, 250.114(3), 250.140

Mobile homes, 550.15(E),Accessibility and grouping, 404.8 signaling, and power-limited Mobile homes, grounding and
bonding at, 800.106Circuits over 600 volts, 490.21 circuits 550.16(A)(1)

Clothing manufacturing plants,Definition, Art. 100–I, Art.100–II Protectors required, 800.50, 800.90, Primary protectors, 800.50,
800.90, 800.100, 800.106,Disconnection of grounded circuits, 800.100, 800.106, 800.170, 500.5(D), Art. 503, Art. 506.

see also Hazardous (classi-404.2(B), 514.11(A) 830.90 800.170(A), 830.90
Secondary protectors, 800.90(D),Enclosures, 404.3 Remote-control. see Remote-control, fied) locations

CO/ALRGeneral, 110.9, 240–I signaling, and power-limited 800.170(B)
Raceways, 800.133(A)(1),Indicating, 404.7 circuits Receptacles, 406.2(C)

Switches, 404.14(C)Overcurrent protection, 230.208, Signal. see Remote-control, signal- 800.154(B) and (E), 800.182
Types of cable, 800.179240–I, 240–VII ing, and power-limited cir- Collector rings, 490.54, 675.11

Definition, 675.2Generators, 445.12 cuits Underground circuits entering build-
ings, 800.47Motors, 430.52(A), 430.58, Telegraph. see Communications cir- Collectors, cranes and hoists, 610.22

Color code430.110, 430.111 cuits Community antenna television and
radio distribution (CATV)Transformers, 450.3 Telephone. see Communications cir- Branch circuits, 210.5

Conductors, 310.12, 504.80(C),Panelboards, 408–III cuits systems, Art. 820
Access to electrical equipment,Rating, motor branch circuits, 430.58 Underground. see Communications 647.4(C)

Grounded conductor, 200.6, 200.7,Rating, nonadjustable trip, 240.6(A), circuits 820.21
Cables240.83(C) Ungrounded, 210.10, 215.7, 410.48; 400.22

Grounding conductor, 250.119,Service disconnecting means, see also Conductors, un- Aerial entrance, 820.44
Within buildings, 820–V230.70, 230.205 grounded 310.12(B), 400.23

Heating cables, 424.35Service overcurrent protection, Circuses. see Carnivals, circuses, fairs, Entering buildings, 820.47
Listing and marking, 820.113,230.90, 230.91 and similar events Higher voltage to ground

Panelboards, 408.3(E)Switches, use as, 240.83(D), 404.11, Clamp fill, boxes, 314.16(B)(2) 820.154, 820–VI
Outside, 820.44410.81(A) Clamps, ground, 250.8, 250.10, Sensitive electronic equipment,

647.4(C)Wet locations, in, 404.4 250.70 Types of, 820.179
Underground, 820.47Circuit directory, panelboards, Class 1, 2, and 3 circuits. see Remote- Service-entrance conductors,

230.56110.22 control, signaling, and power- Definitions, 820.2
Energy limitations, 820.15Circuit interrupters, ground-fault. limited circuits Combustible dusts, Art. 502. see also

Hazardous (classified) loca-seeGround-fault circuit inter- Class I, II, and III locations. see Haz- Grounding, 820–IV
Cables, 820.93, 820–IVrupters ardous (classified) locations tions

Commercial garages. see Garages,Circuits Clean surfaces, grounding conductor Equipment, 820.103
Installation of cables and equipment,Anesthetizing locations, 517.63(F) connections, 250.12 commercial

Common grounding electrode. seeBranch. see Branch circuits Clearances. see also Enclosures; Space 820.113, 820.133
Locations, 820.3Burglar alarm. see Remote-control, Antennas, 810.13, 810.18, 810.54 Electrodes, grounding, com-

monsignaling, and power-limited Community antenna systems, Art. Mechanical execution of work,
820.24circuits 820 Common neutral

Feeders, 215.4Central station. see Fire alarm sys- Conductors Mobile homes, 820.106
Protection, 820–III, 820.100(A)(6)tems Open, outside branch circuits and Outside wiring, 225.7(B)

Communications circuits, Art. 800Communication. see Communica- feeders, 225.18, 225.19 Raceways, 820.133(A) and (C),
820.154(B) and (D)tions circuits Service drop, 230–II Access to electrical equipment,

800.21Fire alarm Lighting luminaires (fixtures), Compressors, refrigeration, Art. 440
Computer rooms. see InformationCircuits extending beyond one 410.66, 410.76 Bonding, 800.100(D), 800.106(B)

Cable marking, 800.113building, 760.11 Live parts technology equipment
ConcealedDefinitions, 760.2 Auxiliary gutters, 366.100(E) Cable substitution, 800.154(G)

ConductorsFuel cell systems, 692–II Circuits over 600 volts, 110–III Definition, Art. 100–I
Knob-and-tube wiring. see Knob-Grounding, Art. 250 Network-powered broadband com- Other circuits with, 800.154(E)

Overhead, 800.44Impedance, 110.10 munications systems, 830.44 and-tube wiring
Concentric knockouts. see KnockoutsInformation technology equipment, Swimming pools, 680.8 Within buildings, 800–V

Definitions, 800.2645.5 Switchboards, 408.5, 408.18 Concrete
Electrodes encased in, 250.50 Ex.,Intrinsically safe, 504.30 Climbing space, line conductors on Essential electrical systems,

517.32(D), 517.42(D)Definition, 504.2 poles, 225.14(D) 250.52(A)(2)(a) and (A)(3),
250.66(B), 250.68(A) Ex.1Inverter input and output circuits, Closed-loop and programmed power Grounding, 800.93, 800–IV

Health care facilities, 517.32(D),690.1, 690.6, 690.8, 690.10 distribution, Art. 780 Metal raceways and equipment in,
300.6(A)(3) and (B)Definitions, 690.2 Cables and conductors, Art. 334 517.42(D), 517–VI

Hybrid power and communicationsLess than 50 volts, Art. 720 (Type NMS cable), 780.6 Conductive surfaces, exposed
Definition, 517.2Class 1, 725–II Control, 780.3 cables, 800.3, 800.154(F),

800.179(J)Grounding, 250.20(A) Hybrid cable, 780.6(A) Conductor fill
Audio systems, 640.23(A)More than 600 volts. see Over 600 Noninterchangeability, 780.7 Installation, 800.113, 800.133

Lightning conductors, 800.53volts Power limitation, in signaling cir- Auxiliary gutters, 366.22
Boxes, 314.16(B)(1) and (5)Motor, 430–II cuits, 780.5 Listing of communications wires and

cables, 800.113, 800.179Motor control, 430–VI In same cabinet, panel, or box, Cable trays, 392.9, 392.10
Cellular concrete floor raceways,Definition, 430.2 780.6(B) Listing of equipment, 800–18,

800–VINumber of, in enclosures, 90.8(B) Clothes closets 372.11
Cellular metal floor raceways, 374.5Photovoltaic output, 690.1, 690.7, Heating, 424.38(C) Marking, 800.113

Mechanical execution of work,690.8 Luminaires (lighting fixtures), 410.8 Control circuits, 517.74(A)
Electrical metallic tubing, 358.22Definition, 690.2 Overcurrent devices, 240.24(D) 800.24
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Electrical nonmetallic tubing, 362.22 Fire alarm, Art. 760 Continuity of, 300.13(B) Metal enclosures, spacing from light-
Definition, Art. 100–IElevators, 620.32, 620.33 Less than 50 volts, Art. 720 ning rods, 250.106 FPN No.
Different systems, 200.6(D)Fixture wire, 402.7 Over 600 volts, Art. 490 1 and No. 2
Electrode-type boilers, over 600Flexible metal conduit, 348.22, Table Signal, remote-control, power- Mineral-insulated metal-sheathed

volts, 490.72(E)348.22 limited, Art. 725 cable. see Mineral-insulated
Fuses in, 430.36Flexible metallic tubing, 358.22 Combinations, Chap. 9, Table 1 metal-sheathed cable (Type
Overcurrent protection,General installations, 300.17 Communications circuits, 800–II, MI)

230.90(B), 240.22Hazardous (classified) locations, 800–V Minimum size, 230.42, 310.5,
Separately derived systems,sealing fittings, 501.15(C)(6), Concealed knob-and-tube. see Knob- 517.74(B), 620.12, 650.6(A),

250.30(A)505.16(D)(5) and-tube wiring 660.9, 725.27(A), 760.27(A),
ServicesHigh density polyethylene conduit, Conduit or tubing, number in, 760.57, 810.17

Disconnection of, 230.70,353.22 342.22, 344.22, 348.22, Table Motion picture projectors, sizes,
230.75Intermediate metal conduit, 342.22 348.22, 350.22, 352.22, 540.13

Overcurrent protection,Liquidtight flexible metal conduit, 353.22, 354.22, 356.22, Motor circuits, 430–II
230.90(B)350.22 358.22, 360.22, 362.22, Multioutlet assembly. seeMultioutlet

Switches, disconnection, 404.2(B)Liquidtight flexible nonmetallic con- Chap. 9 Tables, Annex C assembly
Use and identification, Art. 200duit, 356.22 Construction, general, Table 310.13 Multiple, 250.30(A)(8)(b),

Grounded power systems in anesthe-Maximum permitted, 300.17 Cooling of electric equipment, 250.102(C), 250.122(F),
tizing locations, 517.63Nonmetallic underground conduit 110.13(B) 300.20, 310.4, 392.8(D),

Grounding. see Grounding conduc-with conductors, 354.100(D) Copper, 110.5, 505.18(A), 760.27(C) 520.27(A)(2), 620.12(A)(1)
torsOutlet boxes, etc., 314.16 Ampacities, Tables 310.16 through Nonmetallic extensions. see Nonme-

Grounding electrode. see GroundingRemote control circuits, 725.28 310.21, Tables 310.69 tallic extensions
electrode conductorsRigid metal conduit, 344.22 through 310.86, B.310.1 Nonmetallic sheathed cable, Types

GroupedRigid nonmetallic conduit, 352.22 through B.310.10 NM, NMC, and NMS. see
Definition, 520.2Signs, 600.31(C) Properties, Chap. 9, Table 8 Nonmetallic-sheathed cable

Identification, 310.12Surface raceways, 386.22, 388.22 Copper-clad aluminum (Types NM, NMC, and NMS)
Induction and dielectric heatingTheaters, 520.6 Definition, Art. 100–I Number of, in. see Conductor fill

equipment, ampacity of sup-Underfloor raceways, 390.5 Cords, flexible. see Cords, flexible Organs, 650.6, 650.7
ply, 665.10Wireways, 376.22, 378.22 Corrosive conditions. see Corrosive Outlet boxes, temperature limits,

Industrial control panels, 409.20X-ray equipment, 660.8 conditions 410.11
Installation with other systems, 300.8Conductors. see also Cords, flexible; Covered Outside wiring, Art. 225
InsulatedFixture wires Definition, Art. 100–I Overcurrent protection, 240.3, 240.4

Definition, Art. 100–IAdjustment factors for more than Crane and hoists, 610–II, 610–III, Cablebus conductors, 370.5
Insulating materials, 310.13three current-carrying con- 610.41 Grounded conductors, 230.90(B),
Insulation, Art. 310ductors in raceway, cable, Damp locations, 310.8(B), Table 240.22

At bushings, 4 AWG and larger,Table B.310.11 310.13 Service-entrance conductors,
300.4(F), 312.6(C)Aluminum, conductor material, Definitions, Art. 100–I 230.90, 230.91, 230.208

Construction and application,310.14 Deflection of. see Deflection of con- Overhead, 800.44
310.13Aluminum, properties of, Chap. 9, ductors Over 600 volts, Art. 490

Elevators, dumbwaiters, escala-Table 8 Different systems, 300.3(C), 725.26 Paralleled, 250.30(A)(8)(b),
tors, moving walks, wheel-Ampacities of, 310.15, Tables 310.16 Dimensions of, Chap. 9, Table 4 250.102(C), 250.122(F),
chair lifts, and stairway chairthrough 310.21, Tables Dry locations, 310.8(B), Table 300.20, 310.4, 392.8(D),
lifts, 620.11

310.69 through 310.86, 310.13 520.27(A)(2), 620.12(A)(1)
Fire alarm systems, 760.27(B)

B.310.1 through B.310.10 Electrical metallic tubing. see Elec- Pendant fixtures, 410.27
Fixtures, 410.24, 410.67

Applications, 310.13 trical metallic tubing Properties of, Chap. 9, Table 8
Hazardous (classified) locations,

Armored cable, Type AC. see Ar- Electrical nonmetallic tubing. see Raceways, number of conductors in.
501.13, 501.20, 505.18(B)

mored cable (Type AC) Electrical nonmetallic tubing see Conductor fill
Identification, 310.12

Bare. see Bare conductors Elevators, dumbwaiters, escalators, Radio and television
Line-type fire detectors, 760.82(J)

Bending radius, 300.34 moving walks, 620–II Antenna distribution systems,
Marking, 310.11

Boxes and fittings, junction, 314.16, through 620–IV 810.4, Art. 820Motion picture projectors, 540.14
314.17 Enclosure, grounding, 250–IV Antenna systems, Art. 810Service conductors, 230.22,

Branch circuits, Art. 210. see also Grounding electrode conductors, Equipment, Art. 810230.30, 230.41
Branch circuits 250.64(E) Railway, power and light from,Splices and joints, 110.14(B),

Bundled, in theaters, etc. Equipment grounding. see Equip- 110.19400.9, 530.12, 590.4(G)
Definition, 520.2 ment grounding conductors Recreational vehicle site feeder cir-Switchboards, 408.19

Buried, 310.7 Feeder, Art. 215 cuit, 551.73, 551.80Theaters, 520.42
Busways. see Busways Fire alarm systems, 760.26, 760.27, Definition, 551.2Intrinsically safe, 504.30, 504.50
Cabinets and cutout boxes, 312.5 760.52 Remote-control circuits, Art. 725Length in boxes, 300.14

through 312.7 Fixture wires, Art. 402 Rigid metal conduit. see Rigid metalLength in transient voltage surge sup-
Cablebus. see Cablebus In free air, Tables 310.17, 310.19, conduitpressors, 285.12
Calculations, examples, Annex D 310.20 Same circuit, 300.5(I)Lightning rods, spacing from,
Capacitors, 460.8 Gauges (AWG), general provisions, Selection of, examples, Annex D250.106, 800.53,
Cellular concrete floor raceways. see 110.6 Service. see Service-entrance cable820.44(F)(3)

Cellular concrete floor race- General wiring, Art. 310 (Types SE and USE); Ser-Liquidtight flexible metal conduit.
ways Generators, size, 445.13 vice-entrance conductorssee Liquidtight flexible metal

Cellular metal floor raceways. see Grounded Definition, Art. 100–Iconduit
Cellular metal floor raceways Alternating current systems, Service-entrance. see Service-en-Liquidtight flexible nonmetallic con-

Circuit 250.24, 250.26 trance conductorsduit. see Liquidtight flexible
Communications, Art. 800 Identification, 200.6, 200.7, Signal circuits, Art. 725, Art. 760nonmetallic conduit
Control, health care facilities, 210.5(A) Signs and outline lighting, 600.31,Metal-clad cable. see Metal-clad

cable517.74 Change in size, 240.23 600.32
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Single, 392.8(E), 392.10, 392.11(B), Intermediate metal. see Intermediate Extension cord sets, 590.6(A) and Operation
392.13(B) metal conduit (B)(2) Definition, 620.2

Sizes, 110.6, Chap. 9, Tables 5 and Liquidtight flexible metal. see Liq- Ground-fault circuit-interrupter, pro- Ratings, 430.83
5A. see also subhead: Mini- uidtight flexible metal con- tection for, 590.6(A) and Resistors and reactors. see Resistors
mum size duit (B)(1) and reactors

Spliced, 230.33, 230.46 Liquidtight flexible nonmetallic. see Continuity Control panels. see also Industrial con-
Stranded, 310.3 Liquidtight flexible nonme- Electrical trol panels
Support of, in vertical raceways, tallic conduit Equipment grounding conductors, Working space, 110.26

300.19 Metallic, grounding runs 7.5 m (25 250.124 Control room
Surface raceway. see Strut-type chan- ft), 250.86 Ex.1 Gutters, auxiliary, 366.100(A) Definition, 620.2

nel raceway; Surface metal Number of fixture wires in, 402.7 Metal raceways and cables, Control space
raceways; Surface nonmetal- Outside wiring, 225.10 250.96, 250.97, 300.10 Definition, 620.2
lic raceways Rigid metal. see Rigid metal conduit Service equipment, 250.92(B), Control system

Switchboards and panelboards, Rigid nonmetallic. see Rigid nonme- 250.94 Definition, 620.2
408.3(A), 408.19 tallic conduit Grounding, metal boxes, grounding- Convenience outlets. see Receptacles

Temperature, limitations of, 310.10, Connections type receptacles, 250.146, Conversion table, AC conductor re-
338.10(B)(3) Aluminum, copper conductors, 250.148 sistances and reactances,

Theaters, portable stage equipment, 110.14 Mechanical Chap. 9, Table 9
520.68 Cellular metal floor raceways to cabi- Gutters, auxiliary, 366.100(A) Converters

Underfloor raceway. see Underfloor nets and extensions, 374.11 Raceways and cables, 300.10, Definition, 551.2
raceways Essential electrical systems, 517.34, 300.12 Phase. see Phase converters

Underground feeder and branch- 517.42, 517.43, 517.45 Conductors, 300.13
Recreational vehicle

circuit cable. see Under- Feed-through. see Feed-through con- Grounded conductor of
Definition, 551.2

ground feeder and branch-cir- nections of neutral conduc- multiwire circuits, 300.13(B)
Cooking unit, counter-mounted. see

cuit cable (Type UF) tors Continuous duty
also Ovens, wall-mounted;Ungrounded Fuel cell systems to other circuits, Definition, Art. 100–I
RangesIdentification, 210.5(C) 692–VII Continuous industrial processes

Branch circuits, 210.19(A)(3),Services, 230.90(A) Grounding conductor, 250–III, Coordination, electric system, 240.12
210.23(C), Note 4 to TableTapped from grounded system, 250–VI Ground-fault protection, 230.95 Ex.
220.55210.10 High-impedance grounded neutral 1

Definition, Art. 100–IWelders, electric system, 250.164, 250.186(C) Orderly shutdown, 430.44
Cooling of equipment, 110.13(B)Ampacity of supply, 630.11, Integrity of, 110.12(C) Power loss hazard, 240.4(A)
Coordination, electrical systems,630.31 Multiple circuit. see Multiple circuit Continuous load

240.12Overcurrent protection, connections, grounding Applications, 210.19(A), 210.20(A),
Definition, Art. 100–I630.12(B), 630.32(B) Point of interconnected power pro- 215.2(A)
Feeders, 240.100(C), 517.17(B)Wet locations, 225.4, 310.8(C), Table duction sources, 705.12 Definition, Art. 100–I
Overcurrent protective devices310.13 Splices, 110.14(B) Control. see also Hazardous (classi-

Emergency systems, 700.27Wireways. see Wireways, metal; Switches, 404.2 fied) locations
Legally required standby systems,Wireways, nonmetallic Temperature limitations, 110.14(C), Remote

701.18X-ray equipment, 517–V, 660.6 110.40 Circuits. see Remote-control, sig-
Copper-clad aluminum conductors.through 660.9 Terminals, general provisions, naling, and power-limited cir-

see Conductors, copper-cladConduit bodies. see also Boxes (outlet, 110.14(A) cuits
Of induction and dielectric heatingdevice, pull, and junction) X-ray installations, 517.71 aluminum

Definition, Art. 100–I Connectors equipment, 665.7 Copper conductors. see Conductors,
Number of conductors, 314.16(C) Armored cable, 320.40 X-ray equipment, 517–V, 660–II copper
Pull and junction box, 314.28 Boxes, 314.17 Control centers Cords. see also Hazardous (classified)
Short radius, 314.5 Cabinets and cutout boxes, 312.5(C) Flash protection, 110.16 locations
Support of, by rigid nonmetallic con- Cable Guarding live parts, 110.27 Flexible, Art. 400, 422.16, 422.43

duit, 352.10(H) Definition, 324.2 Headroom, 110.26(E), 110.32 Ampacities, Table 400.5
Conduit fill. see also Conductor fill Theater, 520.67 Illumination at, 110.26(D), Audio signal processing, amplifi-

Equipment grounding conductors, Electrical metallic tubing, 358.42 110.34(D) cation, and reproduction
Chap. 9, Note 3 to Table 1 Electric vehicle, 625.19 Motor, 430–VIII equipment grouping conduc-

Grounding conductor, 310.15(B)(5) Definition, 625.2 Definition, Art. 100–I tors, 640.8, 640.42, 640.45
Conduit nipples, Chap. 9, Note 4 to Flexible metal conduit, 348.42 Working space, 110.26, 110.32 Equipment grounding conductor

Table 1 Intermediate metal conduit, 342.42 through 110.34 in, size of, 250.122(E)
Conduits Liquidtight flexible metal conduit, Control circuit, 430–VI Identified conductors within,

Boxes supporting, 314.23(H)(2) 350.42 Definition, 430.2
200.6(C), 400.22, 400.23

Circuits, physical protection of re- Liquidtight flexible nonmetallic con- Control drawing, 504.10(A)
Lampholders, insulating bushings,

mote control, 725.11(B) duit, 356.42 Definition, 504.2
410.30(A)Conductors, number in, Chap. 9, Pressure (solderless) Controllers. see also Hazardous (clas-

Marking, 400.6Table 1, Annex C, Tables C.1 Definition, Art. 100–I sified) locations
Minimum size, 400.12through C.12(A) Rigid metal conduit, 344.42 Cases, grounding, 250.112(D)
Motion picture projectors, 540.15Dimensions, Chap. 9, Table 4 Single-pole separable Definition, Art. 100–I, 430.2
Outlets, required, 210.50(B)Electrical metallic tubing. see Elec- Definition, 530.2 Enclosures, grounding, 250.112(D)
Overcurrent protection, 240.5,trical metallic tubing Constant-voltage generators,Art. 445 Motion

400.13Electrical nonmetallic tubing. see Overcurrent protection for, Definition, 620.2
Over 600 volts, 400–IIIElectrical nonmetallic tubing 445.12(A) Motor, 430–VII
Power-limited and signal circuits,Flexible metal. see Flexible metal Construction, closed Definition, 620.2

remote-control, 725.27(A)conduit Definition, 545.3 Electrically operated pool covers,
Pull at joints and terminals, 400.10High density polyethylene conduit Construction, types of, Annex E 680.27(B)(1)
Repair of, hard service, 400.9(Type HDPE). see High den- Construction sites Hazardous (classified) locations,
Solar photovoltaic systems,sity polyethylene conduit Assured equipment grounding con- 501.115, 502.115, 503.115

Tunnels, 110.55(Type HDPE) ductor program, 590.6(B)(2) 690.31(C)
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Splices and taps, 400.9, 400.36, Marinas and boatyards, 555.23 Deflection of conductors Remote control, signaling, and power
530.12(A) and (B) Motors and controllers, discon- Auxiliary gutters, 366.58(A) limited circuits, Class 2 and

Construction sites, 590.4(G) necting means, 430.112 Ex. Cabinets and cutout boxes, 312.6 3 circuits, Fig. 725.41
Swimming pools, fountains, and Overcurrent protection, 610–V Deicing installations. see Fixed out- Services, Fig. 230.1

similar installations, 680.7, Critical branch, 517.33, 517.43 door electric deicing and Solar photovoltaic systems, identifi-
680.21(A)(5), 680.23(B)(3), Definition, 517.2 snow-melting equipment cation of components, Fig.
680.42(A), 680.55(B), 680.56 Critical care areas, 517.19 Delta breakers, 408.36(E) 690.1(A) and (B)

Types, Table 400.4 Definition, 517.2 Delta-connected Spray application, dipping, and coat-
Uses not permitted, 400.8 Cross sectional areas Identifying high-leg, 3-phase supply, ing, Figs. 516.3(B)(1), (B)(2),
Uses permitted, 400.7 Conductors, Chap. 9, Tables 5 4-wire, 110.15, 230.56, (B)(4), and (B)(5)

Heater, Table 400.4, 422.43(A) through 8 408.3(E), 409.102 Swimming pools, clearance from
Tinsel Conduits, Chap. 9, Table 4 Demand factor. see also Loads pool structures, Fig. 680.8

Overcurrent protection, 400.13 Current-carrying capacities. see Am- Definition, Art. 100–I Dielectric heating. see also Induction
Types, Table 400.4 pacities Detached buildings, oil-insulated and dielectric heating equip-

Cord sets. see Extension cord sets Current-limiting devices. see alsoCir- transformers in, 450.26 ment
Correction factors, ambient tempera- cuit breakers; Fuses Ex. 5 Definition, 665.2

ture, B.310.1 through Definition, 240.2 Detearing equipment, electrostatic, Different systems, conductors in
B.310.10, Tables 310.16 Curtain machines, theaters, 520.48 516.4(E) same enclosure, 300.3(C),
through 310.20 Cutout bases. see Fuseholders Deteriorating agents, 110.11 392.6(F), 725.26, 725.55(B),

Corrosion protection. see Protection, Cutout boxes. see alsoCabinets, cutout Device. see also Receptacles; Switches 760.26, 760.55, 800.47(A),
corrosion boxes, and meter socket en- Definition, Art. 100–I 800.133(A), 810.18(C),

Corrosive conditions closures Device or equipment fill for boxes, 820.133(A)
Bushing, 430.13 Definition, Art. 100–I 314.16(B)(4) Dimensions
Cablebus, 370.3 Cutouts, thermal. see Thermal cutouts Diagnostic equipment, 517.73(A) Conductors, Chap. 9, Tables 5
Cable trays, nonmetallic, 392.3(E) Cutting tables, motion picture, Diagrams through 8
Conductors and conductor insulation, 530–IV Adjustable speed drive control, Fig. Conduits and tubing, Chap. 9, Table 4

300.6, 310.9, 501.13, D.10 Dimmers
505.18(B) Autotransformer overcurrent protec- Stage switchboard, 520.25,

High density polyethylene con- tion, Fig. 450.4 520.53(E)D
duit, 353.10(2) Cable installation dimensions, under- Switch, 404.9(B), 404.14(E). see alsoDampers (flue), controlRigid nonmetallic conduit, ground, Fig. 310.60 for use Snap switchesFixed stage equipment, smoke venti-352.10(B) with Tables 310.77 through Dining areas, essential electrical sys-lator control, 520.49Deteriorating agents, 110.11 310.86, Figs. B.310.2 through tems, 517.42(E)Ventilating openings, transformerNonmetallic wireways, 378.10(2) B.310.5 for use with Tables Dip tanks, Art. 516vaults, 450.45(E)Countertops, outlets, 210.52(C), B.310.5 through B.310.10 Direct burialDamp or wet locations, 110.11. see406.4(E) Cable substitution hierarchy Ampacities, modification of,also Wet locationsGround-fault circuit-interrupters, Communications systems, Fig. 310.60(C)(2), Tables 310.81Boxes and fittings, 314.15(A)210.8(A)(6) 800.154 through 310.85Busways, 368.12(D)Couplings Community antenna TV and radio Grounding conductor connection,Cabinets and cutout boxes, 312.2(A)Electrical metallic tubing, 358.42 distribution systems, Fig. 250.68(A) Ex., 250.70Cablebus, 370.3Intermediate metal conduit, 342.42 820.154 Liquidtight flexible metal conduit,Conductors, types, 310.8, TableRigid metal conduit, 344.42 Fire alarm systems, Fig. 760.61 350.10(3), 350.120310.13Rigid nonmetallic conduit, expansion

Optical fiber cables, Fig. 770.154 Liquidtight flexible nonmetallic con-Definition, Art. 100–Ifittings, 352.44
Remote control, signaling, and duit, 356.10(4)Fixed electric space heating equip-Running threads at, 342.42(B),

power limited circuits, Fig. Over 600 volts, 300.50ment, 424.12(B)344.42(B)
725.61 Rigid nonmetallic conduit, TableLampholders, 410.49Threaded and threadless, 250.92(B)

Elevators, dumbwaiters, escalators, 300.5, 300.50, 352.10(G)Luminaires (lighting fixtures),Cove lighting, space for, 410.9
etc. Bulk storage plants, 515.8410.4(A)Covers

Control system, Fig. 620.2 Service stations, 514.8Open wiring, 398.15(B)Auxiliary gutters, 366.100(D)
Single line diagram, Fig. 620.13 Underground feeder and branch-Overcurrent protection, enclosure,Boxes and fittings, 314.25,

Feeders, 215.5 circuit cable, 340.10(1)240.32314.28(C), 314.41, 314.42,
Generator field control, Fig. D.9 Underground service cable, 230.49,Panelboards, 408.37314.72(E)
Hazardous (classified) locations, Table 300.5, 310.7Receptacles, 406.8Cable, 650.6(D)

Class I, Zones 0, 1, and 2, Disconnecting meansRigid nonmetallic conduit,Faceplates. see Faceplates
marking, 505.9(C)(2) Agricultural buildings, 547.9352.10(D) and (E)Pool cover, electrically operated,

Hazardous (classified) locations ad- Air-conditioning and refrigeratingDance halls, Art. 518680.27(B)
jacent to dispensers, Fig. equipment, 440.63, 440–IIData processing systems. see Informa-Definition, 680.2
514.3 Appliances, 422–IIItion technology equipmentStrut-type channel raceways,

Luminaires, closet storage space, Fig. Capacitors, 460.8(C)DC systems, 250–VIII384.100(C)
410.8 Cranes, 430.112 Ex., 610–IVGrounding, 250.162, 250.164Wireways, 376.2, 378.2

Marine terminal handling flammable Definitions, Art. 100–I, Art.100–II,Dead endsCranes, Art. 610. see also Hoists
liquids, Fig. 515.3 551.2Busways, 368.58Conductors, 610–II, 610–III

Mobile homes, receptacle and attach- Electric deicing, snow-meltingCablebus, 370.7(2)Control, 610–VI
ment plug, Fig. 550.10(C) equipment, 426.50Flat cable assemblies, 322.40(A)Disconnecting means, 430.112 Ex.,

Motor feeder and branch circuits, Electric pipeline, vessel heatingWireways, 376.58, 378.58610–IV
Fig. 430.1 equipment, 427.55Dead frontElectrolytic cells, 668.32

Park trailers, receptacles and attach- Electric space heating equipment,Definition, Art. 100–I, 551.2Flexible cords, 400.7(A)(5)
ment plugs, Fig. 552.44(C) 424–IIIRecreational vehicles, 551.2,Grounding, 250.22(1), 250.112(E),

Recreational vehicles, receptacles Electric vehicle charging system551.45(C)250.116(1), 610–VII
and attachment plugs, Fig. equipment, 625.23Stage switchboards, 520.21Hazardous (classified) locations,

503.155, 610.2(A) Definitions, Art. 100 551.46(C) Electrolytic cells, 668.13
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Electroplating systems, 669.8 Double locknuts. see Locknuts, dou- Branch-circuit voltages, 210.6(A) Number of conductors in, 362.22
Definitions, Art. 100–IElevators, 620–VI, 620.91(C) ble, required Securing and supporting, 362.30
Farm, services, 220.102(A), 220.103Fixed electric heating equipment for Drainage Size, 362.20
Feeder load, calculations for,pipelines and vessels, 427.55 Equipment, 501.15(F), 505.16(E) Splices and taps, 362.56

220.14(J), 220.82 throughFixed outdoor electric deicing and Oil-insulated outdoor transformers, Through metal framing members,
220.85, Annex Dsnow-melting equipment, 450.27 300.4(B)

Lighting loads for, Table 220.12426.50 Raceways. see Raceways, drainage Trimming, 362.28
Lighting outlets required, 210.70(A)Fuel cell systems. see Fuel cell sys- Transformer vaults, 450.46 Uses not permitted, 362.12
Luminaires (lighting fixtures),tems Dressing rooms Uses permitted, 362.10

410.75, 410.80(B)Fuses and thermal cutouts, 240.40 Motion picture studios, 530–III Electric discharge lighting
Panelboards as services, 408.3(C),Generators, 445.18 Theaters, 520–VI Connection to luminaires (lighting

408.36(A) Ex. 2Identification, 110.22, 230.70(B), Drip loops fixtures), 410.14, 410.30(C)
Receptacle circuits required, 210.11620.51(D) Conductors entering buildings, Definition, 600.2
Receptacle outlets required, 210.52,Induction and dielectric heating 230.24(B)(1), 230.52, More than 1000 volts, 410–XIV

680.22(A)equipment, 665.12 230.54(F), 398.15(B), Signs and outline lighting, Art. 600
Protection by ground-fault circuitIndustrial control panels, 409.30 800.12(C) 1000 volts or less, 410–VIII

interrupters, 210.8(A),Industrial machinery, 670.4(B) Service heads, 230.54(F) Wiring, equipment, 410.73(A),
680.22(A)(5)Information technology equipment, Driveways 410–XIV

Electric heating equipment, fixed. see645.4(1), 645.10 Clearance of conductors, 225.18
Clearance of service drop, 230.24(B)Interconnected electric power pro- Fixed electric heating equip-

Eduction sources, 705.20, Drop. see Service drops; Voltage and ment for pipelines and ves-
Eccentric knockouts. see Knockouts705.21, 705.22 volts, drop sels; Fixed electric space
Elbows, metal, protection from cor-Irrigation machines, 675.8 Dryers, clothes. see Clothes dryers heating equipment; Fixed

rosion, 300.6Marinas and boatyards, 555.17 Dry location, 110.11. see also Damp outdoor electric deicing and
Electrical datum plane, 555.23,Mobile homes, 550.11 or wet locations snow-melting equipment

682.10 to 682.12, 682.14,Motors and controllers, 430.74. Conductors, types, 310.8, Table Electric power production sources.
682.15430.95, 430–IX, 430.128, 310.13 see Generators; Intercon-

Definition, 555.2, 682.2430.227 Definition, Art. 100–I nected electric power produc-
Electrical ducts. see DuctsNaturally and artificially made bod- Electric signs, portable or mobile, tion sources; Solar
Electrical life support equipmenties of water, electrical equip- 600.10(D) photovoltaic systems

Definition, 517.2ment for, 682.14 Nonmetallic extensions, 382.10(B) Electric signs. see Signs, electric
Electrically operated pool covers. seeOutside branch circuits. see Outside Rigid nonmetallic conduit, 352.10(E) Electric vehicle charging system

Coversbranch circuits and feeders Surface metal raceways, 386.10(1) equipment, Art. 625
Electrical metallic tubing (TypePhase converters, 455.8, 455.20 Dry-type transformers, 450.1 Ex. 2, Automatic de-energization, 625.19

EMT), Art. 358Pools, spas, and hot tubs, 680.12 450.21, 450.22 Cable, Table 400.4, 625.17
Bends, 358.24, 358.26Portable equipment, 517.17(C) Dual-voltage motor, locked-rotor rat- Coupler, 625.9
Connectors and couplings, 358.42Receptacles, cord connectors and at- ing, 430.7(B)(3) Coupling method, 625.16
Construction specifications, 358–IIItachment plugs (caps), Duct heaters, installation of, 424–VI Definitions, 625.2
Definition, 358.2

422.33, 440.63 Ducts Disconnecting means, 625.23
Grounding, 358.60

Recreational vehicle parks, Definition, 820.2 Interactive system, 625.26
Installation, 358–II

551.77(B) Electrical, 310.15, 310.60(C), Fig. Listed, 625.5
Listing, 358.6

Recreational vehicles, 551.45(C) 310.60, Tables 310.77 Marking, 625.15Marking, 358.120
Sensitive electronic equipment, light- through 310.80, Primary source, loss of, 625.25Maximum number of conductors and

ing equipment, 647.8(A) B.310.15(B)(4) Protection and control, 625–IVfixture wires in, Tables C.1
Separate building on same premises, Definition, 310.60(A) Rating, 625.14and C.1(A)

250.32(D) Luminaires (lighting fixtures) in, Supply equipment, 625.13Number of conductors in, 358.22
Services, 230–VI 410.4(C) Construction, 625–IIIReaming and threading, 358.28

Connections, ahead of, 230.82 Wiring in, 300.21, 300.22, 725.3(C), Definition, 625.2Securing and supporting, 358.30
Over 600 volts, 225.51 through 760.3(B), 770.3(B), Interlock, 625.18Size, 358.20

225.53, 230.205, 230.206 800.133(D), 800.154(A), Locations, 625–VSplices and taps, 358.56
Shore power connections, 555.17 800.182, 820.113, Markings, 625.15Uses not permitted, 358.12
Signs and outline lighting, 600.6 820.154(A), 830.154(B), Ventilation not required, 625.29(C)Uses permitted, 358.10
Solar photovoltaic systems, 690–III 830.179(A)(2) Ventilation required, 625.29(D),Wet locations, in, 358.10(C)
Standby systems, optional, 702.11 Dumbwaiters. see Elevators, dumb- Table 625.29(D)Electrical noise, 647.3. see also Sensi-
Temporary circuits, 590.4(E) waiters, escalators, moving Voltages, 625.4tive electronic equipment
Thermal cutouts, 240.40 walks, wheelchair lifts, and Wiring methods, 625–IIGrounding, 250.96(B), 250.146(D)
Tunnels, 110.58 stairway chair lifts Electric vehiclesPanelboards, 408.40 Ex.
Welders, 630.13, 630.33 Dust-ignitionproof, 500.7(B), Definition, 625.2Receptacles, 406.2(D)
X-ray equipment, 517.72, 660.5, 506.8(A) Electric welders. see Welders, electricElectrical nonmetallic tubing (Type

660.24 Definition, 500.2 Electrodes, grounding, 250.64(F). seeENT), Art. 362
Discontinued outlets. see Outlets, dis- Dusts. see Hazardous (classified) loca- also Grounding electrodeBends, 362.24, 362.26

continued tions conductorsBushings, 362.46
Dissimilar metals. seeMetals, dissimi- Dusttight, 500.7(C), 506.8(D) Aluminum, 250.52(B)(2)Construction specifications, 362–III

lar Definition, Art. 100–I, 500.2 Common, 250.58Definition, 362.2
Distribution panelboards. see Pan- Duty, types Concrete-encased, 250.50 Ex.,Grounding, 362.60

elboards Definitions, Art. 100–I 250.52(A)(2)(a) and (3),Installation, 362–II
Doors, transformer vaults, 450.43 Duty cycle, welding, 630.31(B) FPN 250.66(B), 250.68(A) Ex.1Joints, 362.48
Double insulated Dwellings. see also Appliances; Boxes; Definition, Art. 100–IListing, 362.6

Appliances and tools, 250.114 Ex., Branch circuits; Grounding, Gas piping as, 250.52(B)(1)Marking, 362.120
422.16(B)(1) Ex., and similar general catego- Made, 250.50, 250.52Maximum number of conductors and
422.16(B)(2) Ex. ries; Luminaires (lighting fix- Metal frame of building as,fixture wires in, Tables C.2

and C.2(A)Pool pumps, 680.21(B), 680.31 tures) 250.52(A)(2)
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Metal water piping system, Control, 700–V Energy-limited, Class 2 and Class 3 Exposed. see also Enclosures
control and signal circuits, Conductive surfaces250.52(A)(1) Definitions, 517.2
725.41 Definition, 517.2Resistance to ground of, 250.56 Elevators, dumbwaiters, escalators,

Enforcement of code, 90.4, 510.2, Extensions, boxes, and fittings,Separately derived systems, moving walks, wheelchair
Annex G 314.22250.30(A)(7), 250.30(B)(2) lifts, and stairway chair lifts,

Equipment. see also specific types of Hazardous (classified) locations,System installation, 250.53 620–X
Approval, 90.4, 110.2, Annex G 501.25, 502.25, 503.25,Electrolytic cells, Art. 668 Equipment approval, 700.3

80.19 505.19Auxiliary nonelectric connections, Health care facilities, 517.30, 517.31
Cooling of, 110.13(B) Live parts, 110.26668.31 Overcurrent protection, 700–VI
Definition, Art. 100–I Definition, Art. 100–ICell line conductors, 668.12 Service disconnecting means,
Examination of, 90.7, 110.3 Structural metal, grounding,Cell line working zone, 668.10 230.72(B)
Grounding, 250–VI 250.52(A)(2)Cranes and hoists, 668.32 Services, 230.2(A)(2)
Installation, general provisions, Art. Wiring methodsDC cell line process power supply, Signals, 700.7

110 Definition, Art. 100–I668.11 Signs, 700.8
Less than 50 volts, Art. 720 Extension cord setsDefinitions, 668.2 Sources of power, 700–III
More than 600 volts, Art. 490 On construction sites, 590.6(A) andDisconnecting means, 668.13 Tests and maintenance, 700.4
Mounting. see Mounting of equip- (B)(2)Enclosures, 668.40 Transfer equipment, 695.4, 700.6

ment Overcurrent protection, 240.5Fixed electrical equipment, 668.30 Unit equipment, 700.12(E)
Sealable. see Sealable equipment ExtensionsGrounding, 668.15 Wiring, 700.9
Service Auxiliary gutters, 366.12(2)Portable electrical equipment, Enamel, coating of

Definition, Art. 100–I Boxes and fittings, exposed, 314.22668.20, 668.21, 668.30 General equipment, indoor use only,
Signal Cellular metal floor raceways, 374.11Shunting means, 668.14 300.6(A)(1)

Definition, 620.2 Flat cable assemblies, 322.40(D)Electronically actuated fuse Metal boxes, 314.40(A)
Equipment grounding conductor fill Nonmetallic. see Nonmetallic exten-Definition, Art. 100–II Metal cabinets, 312.10(A) and boxes, 314.16(B)(5) sionsElectronic computer/data processing Removing for grounding connec- Equipment grounding conductors Surface metal raceways, 386.10(4)equipment. see Information tions, 250.96(A) Connections at outlets, 250.146, Wireways, 376.70, 378.70technology equipment Rigid metal conduit, 344.10(A) 250.148 Externally operable. seeOperable, ex-Electroplating systems, Art. 669 Enclosed Fuel cell systems, 692.44 ternallyBranch-circuit conductors, 669.5 Definition, Art. 100–I Identification, 400.23

Disconnecting means, 669.8 Enclosures. see alsoHazardous (classi- Installation, 215.6, 250.120, 250.130
Overcurrent protection, 669.9 fied) locations Metallic cable trays as, 392.3(C)
Warning signs, 669.7 Arcing parts, 110.18 FSizing, 250.122
Wiring methods, 669.6 Bonding, 250.96, 250.146 Tunnels, 110.54(B) Faceplates

Electrostatic equipment, spraying Cabinets and cutout boxes, 312.7 Types recognized, 250.118, 250.120, Grounding, 404.9(B), 406.5(B),
and detearing paint, through 312.9, 312.11(D) 250.134 550.15(D)
516.4(E), 516.10 Circuits in, number of, 90.8(B) Equipment system Material, 404.9(C), 406.5

Elevators, dumbwaiters, escalators, Cranes, hoists, resistors, 610.2(B) Definition, 517.2 Minimum thicknesses for, 404.9(C),
moving walks, wheelchair Definition, Art. 100–I Equipotential plane, 547.10, 682.33 406.5
lifts, and stairway chair Electrolytic cells, 668.40 Definition, 682.2 Mobile homes, 550.15(D)
lifts, Art. 620 Elevators, dumbwaiters, escalators, Escalators. see Elevators, dumbwait- Mounting surfaces, against,

Cables moving walks, wheelchair ers, escalators, moving walks, 404.9(A), 404.10(B), 406.4,
Flexible, Table 400.4, 400.7(4) lifts, and stairway chair lifts, wheelchair lifts, and stairway 406.8(E)
Traveling, 620.11(B), 620.12(A), 620.4, 620–VIII chair lifts Fairs. see Carnivals, circuses, fairs, and

620–V Grounding, 250.64(E), 250–IV Essential electrical systems, health similar events
care facilities. see HealthClearances, working, 620.5 Handhole enclosures, 314.29, 314.30 Fans, ceiling. see Ceiling fans
care facilitiesConductors, 620–II through 620–IV Definition, Art. 100–I Farm buildings, feeder calculations,

Examples (calculations), Annex DDefinitions, 620.2 Hazardous (classified) locations. see 220.102. see also Agricul-
ExcitersDisconnecting means and control, also subhead under entries for tural buildings

Leads in enclosure with other con-620–VI, 620.91(C) specific hazardous location Feeder assembly, mobile homes,
ductors, 300.3(C)(2)(c)Emergency and standby power sys- involved 550.10(A)

Overcurrent protection for,tems, 620–X High-intensity discharge lamp auxil- Definitions, 550.2
445.12(A)Essential electrical systems, iary equipment, 410.54(A) Feeders, Art. 215, Art. 220Exhaust ducts. see Ducts517.32(F), 517.42(G) Induction and dielectric heating, Busways, 368.17(C)Exits, emergency lighting for,Ground-fault circuit interrupters, 665.20 Calculation of loads, 215.2(A),517.32(A) & (B),620.85 Industrial control panels, 409.100 220.40, 220–IV, Annex D517.42(A) & (B), 700.1 FPNGrounding, 250.112(E), 250.116, Installations over 600 volts, 110.31 Definition, Art. 100–INo. 3, 700.12(E), 700.16250.136, 620–IX Intrinsically safe conductors in, Farm buildings, for, 220.102Exit signs. see Signs, exit

Live parts, 620.4 504.30(A)(2) Ground-fault circuit interrupters,Expansion joints (fittings), 250.98,
Machine room, 620–VIII Overcurrent protection, 240–III with, 215.9300.7(B), 352.44, 366.44,
Overcurrent protection, 620–VII Panelboards, 408.38 Grounding means, 215.6368.238, 368.244, 424.44(C),
Voltage limitations, 620.3 Radio equipment, 810.71(A) Hoistways and machine rooms,424.98(C), 424.99(C)(1),
Wiring, 620–III Signs, 600.8, 600.42(G) 620.37(C)426.20(E), 426.21(C),
Working clearances, 620.5 Subsurface, 110.12(B) Identification, 225.37426.22(D), 427.16

Emergency systems, Art. 700. see also Switches, 404.3, 404.12, 404.18, Kitchen equipment, commercial,Explanatory material FPN, 90.5(C)
Legally required standby sys- 450.8(C) 220.56Explosionproof apparatus, 500.2,
tems; Optional standby sys- Underground. see Underground en- Loads. see Loads, feeder500.7(A), 502.5,
tems closures Mobile homes and parks, 550.10(A),505.16(B)(2)

Capacity, 700.5 Energized 550–IIIDefinition, Art. 100–I
Circuits for lighting and power, Definition, Art. 100–I Motion picture studios, 530.18(B)Explosive atmospheres, gases, liq-

700–IV, 700–V Energized parts. see also Live parts Motors, 430–IIuids, dusts, ignitable fibers,
Circuit wiring, 700–II Motors, motor circuits, and control- Outside. see Outside branch circuitslints and flyings. seeHazard-

ous (classified) locationsConnections at services, 230.82 lers, 430–XII and feeders
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Overcurrent protection, motor, Circuit integrity cable, 760.82(H) Induction heating, 427–V Marking, 424–IV
Heating elements, 424.29430–V Circuit markings, 760.42 Induced current, 427.37

Personnel protection, 427.36Recreational vehicle sites, 551.73, Conductors Nameplates, 424.28
Overcurrent protection for, 424.22551.80 Separation, 760.55 Scope, 427.35

Installation, 427–IIRestaurants, 220.88 Size, 760.57 Radiant heating panels and heating
panel sets, 424–IX,Services, 220–III Support, 760.58 General, 427.10

Identification, 427.13Stage switchboard, 520.27 Installation, 760.54, 760.56 427.23(B)
Clearances, wiringTaps, 240.21(B), 430.28 Line-type fire detectors, 760.59, Thermal protection, 427.12

Use, 427.11Television studio sets, 530.19 760.82(J) Ceilings, 424.94
Walls, 424.95Feed-through conductors, 312.11(D) Listing, 760.82 Resistance heating elements, 427–III

Definition, 427.2Ferrous metals, protection from cor- Marking, 760.82 Connection, 424.96
Definitions, 424.91rosion, 300.6(A) Overcurrent protection, Chap. 9, Electrical connections, 427.19

Equipment protection, 427.22Festoon lighting Tables 12(A) and 12(B) Installation, 424.93, 424.98,
424.99Conductor size, 225.6(B) Power sources, 760.41 Expansion and contraction, 427.16

Flexural capability, 427.17Definition, Art. 100–I Wiring methods and materials Markings, 424.92
Nonheating leads, 424.97Portable stage equipment, 520.65 Load side, 760.52 Grounded conductive covering,

427.23Festoon wiring, portable stage equip- Supply side, 760.51 Resistance-type boilers, 424–VII
Fixed equipment, grounding,ment, 520.65 Fire detectors, line-type, 760.82(J) Marking, 427.20

Not in direct contact, 427.15Fiber bushings, AC cable ends, Fire pumps, Art. 695 250.110, 250.112, 250.116,
250.134, 250.136, 517.13320.40 Connection at services, 230.72(A) Power supply leads, 427.18

Secured, 427.14Fibers, lint, flyings, ignitible,Art. 503, Ex., 230.82(5), 230.94 Ex. 4 Fixed outdoor electric deicing and
snow-melting equipment,Art. 506. see also Hazardous Continuity of power, 695.4 Skin effect heating, 427–VI

Conductor ampacity, 427.45(classified) locations Control wiring, 695.14 Art. 426
Branch circuits for, 210.19(A)(4)Figures. see Diagrams Definitions, 695.2 Grounding, 427.48

Pull boxes, 427.46Films, motion picture. see also Projec- Emergency power supply, Art. 700 Ex.1(e)
Connections, 426.24tor rooms, motion picture Equipment location, 695.12 Single conductor in enclosure,

427.47Storage vaults, 530–V Listing, 695.10 Continuous load, 426.4
Control and protection, 426–VIViewing, cutting, patching tables, Motor, overcurrent protection, Fixed electric space-heating equip-

ment, Art. 424530–IV 430.31 FPN Cord-and-plug-connected,
426.50(B), 426.54Fine Print Notes (FPNs), mandatory Power sources to electric motor- Boilers, protection of, 424.72

Branch circuits for, 424.3rules, permissive rules, and driven, 695.3 Definitions, 426.2
Disconnecting means, 426.50explanatory material, 90.5 Power wiring, 695.6 Cables, 424–V

Area restrictions, 424.38Finish rating Remote-control circuits, 430.72(B) General, 426.10
Ground-fault circuit interrupters,Definition, 362.10 FPN 2 Ex. 1 Clearances, wiring

Ceilings, 424.36Fire alarms. see Alarms; Alarm sys- Service equipment overcurrent pro- 210.8(A)(3) Ex.
Grounding, 426.22(A), 426.27,tems, health care facilities; tection, 230.90 Ex. 4 Other objects, openings,

424.39Fire alarm systems Services, 230.2(A)(1) 426.34, 426.44
Identification of, 426.13Fire alarm systems, Art. 760 Supervised connection, 695.4(B) Construction, 424.34

Finished ceilings, 424.42Access to electrical equipment, 760.7 Transformers, 695.5 Impedance heating, 426–IV
Induced currents, 426.33Circuits extending beyond one build- Voltage drop, 695.7 Installation

Cables, 424.44ing, 760.11 Fire spread Isolation transformer, 426.31
Personnel protection, 426.30Connections at services, 230.82(5), Prevention of, wiring methods, Nonheating leads, 424.43

Marking, 424.35230.94 Ex. 4 300.21, 725.3(B), 760.3(A), Voltage limitations, 426.32
Installation, 426–IIDefinitions, 760.2 770.3(A) Splices, 424.40, 424.41(D)

Tests and inspections, 424.45Grounding, 250.112(I), 760.9 Fire-stopped partitions, 300.21. see Marking, 426.25
Nonheating leads, installation of,Health care facilities, 517–VI also Firewalls Control and protection, 424–III

Controllers, 424.20(A)Identification, 760.10 Firewalls, wiring through, 300.21 426.22, 426.23
ProtectionInstallation, 760.11 Fittings, Art. 314. see also Wiring Disconnecting means, 424.19

through 424.21, 424.65Location, 760.3 methods, Types and materials Corrosion, 426.26, 426.43
Ground fault, 210.8(A)(3) Ex.,Mechanical execution of work, 760.8 Conduit bodies, 314.16 Indicating, 424.21

Overcurrent protection, 424.22Nonpower-limited circuits, 760–II Definition, Art. 100–I 426.28
Overcurrent, 426.52Cable marking, 760.81, Table Expansion, 352.44 Duct heaters, 424–VI

Airflow, 424.59760.81(G) Insulation, 300.4(F) Thermal, 426.12
Resistance heating elements, 426–IIIConductors, 760.27 Integrated gas spacer cable, Condensation, 424.62

Disconnecting means, location,Different circuits in same race- 326.40 Embedded, 426.20
Exposed, 426.21way, etc., 760.26 Fixed electric heating equipment for 424.65

Elevated inlet temperature, 424.60Number of conductors in race- pipelines and vessels, Art. Skin effect heating, 426–V
Conductor ampacity, 426.40way, etc., and derating, 427 Fan circuit interlock, 424.63

Identification, 424.58760.28 Continuous load, 427.4 Pull boxes, 426.41
Single conductor in enclosure,Listing, 760.81 Control and protection, 427–VII Installation, 424.61, 424.66

Limit controls, 424.64Marking, 760.81 Controls, 427.56 426.42
Special permission, 426.14Multiconductor cable, 760.30 Disconnecting means, 427.55 Electrode-type boilers, 424–VIII

Installation, 424–IIOvercurrent protection, 760.23, Overcurrent protection, 427.57 Thermostats for, 426.51
Use of, 426.11760.24 Definitions, 427.2 Location

Exposed to physical damage,Power source requirements, Impedance heating, 427–IV Fixtures. see Luminaires (lighting fix-
tures)760.21 Grounding, 427.29 424.12(A)

Wet areas, 424.12(B)Requirements, 760.15 Induced currents, 427.28 Fixture wires, Art. 402
Ampacities, 402.5Wiring method, 760.25, 760.30(A) Isolation transformer, 427.26 Spacing, combustible materials,

424.13Power-limited circuits, 760–III Personnel protection, 427.25 Grounded conductor, identification,
402.8Cable markings, 760.82 Secondary conductor sizing, Special permission, 424.10

Supply conductors, 424.11Cable substitutions, 760.61(D), 427.30 Marking, 402.9
Minimum size, 402.6Table 760.61 Voltage limitations, 427.27 Listed, 424.6
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Number in conduits or tubing, 402.7 Metal shield connectors, Autotransformers in ballasts, 410.78 Wiring methods, 692–IV
Wiring systems, 692.31Overcurrent protection, 240.4, 324.10(J), 324.40(E) Auxiliary equipment, remote from,

Full-load current motors402.12 Receptacles, 324.42 410.77
Alternating currentTypes, 402.3 Shields, 324.10(J), 324.40(C), Ballast protection required,

Single-phase, Table 430.248Uses not permitted, 402.11 324.40(E) 410.73(E)
Three-phase, Table 430.250Uses permitted, 402.10 Supports, 324.30 Circuit breakers used to switch,
Two-phase, Table 430.249Flame spread. see Fire spread System height, 324.10(G) 240.83(D)

Direct current, Table 430.247Flammable anesthetics. see alsoAnes- Polarization, 324.40(B) Connection of, 410.14, 410.30(C)
Furnaces. see Heating equipment, cen-thetizing locations Systems alterations, 324.56(A) Load calculations

tralDefinition, 517.2 Uses not permitted, 324.12 Ampere ratings, ballasts,
FuseholdersFlammable gases and vapors. see Uses permitted, 324.10 220.18(B)

Cartridge fuses, 240–VIHazardous (classified) loca- Flatirons Branch circuits, 210.23
Over 600 volts, 490.21(B)tions Cords, 422.43(A) Raceways, 410.31
Plug fuses, 240–VFlammable liquids. see Hazardous Signals, 422.42 Snap switches for, 404.14(A)(1) and
Rating, motor controllers, 430.90(classified) locations Stands for, 422.45 (B)(2)
Type S, 240.53, 240.54Flashers, time switches, etc., 404.5, Temperature-limiting means, 422.42, Surface-mounted or recessed,

Fuses, Art. 240. see also Hazardous600.6(B) 422.46 410.8(B)(2), 410.8(D)(2) and
(classified) locationsFlat cable assemblies (Type FC), Art. Flexible cords. see Cords, flexible (4)

Cartridge. see Cartridge fuses322 Flexible metal conduit (Type FMC), Thermal protection, 410.73(E)
Definition, over 600 volts, Art.Boxes and fittings, 322.40 Art. 348 Fluoroscopic equipment. see X-ray

100–IIBranch-circuit rating, 322.10(1) Bends, 348.24, 348.26 equipment
Disconnecting means, 240.40Conductor insulations for, 322.112 Couplings and connectors, 348.42 Footlights, theaters, 520.43
Electronically actuatedConductor size, 322.104 Definition, 348.2 Definition, 520.2

Definition, Art. 100–IIConstruction, 322–III Grounding and bonding, 348.60 Disappearing, 520.43(C)
Enclosures, 240–IIIDead ends, 322.40(A) Installation, 348–II Formal interpretations, 90.6
Generators, constant-voltage,Definition, 322.2 Liquidtight. see Liquidtight flexible Forming shells, underwater pool

445.12(A)Extensions from, 322.40(D) metal conduit lighting fixtures, 680.23(B),
Group installation of motors,Fittings for, 322.40(C) Listing, 348.6 680.24(B), 680.26(B)(2),

430.53(C)Identification grounded conductor, Maximum number of conductors and 680.27(A)(3)
Location in circuit, 240.21322.120(B) fixture wires in, Tables C3 Definition, 680.2
Location on premises, 240.24Luminaire (fixture) hangers, and C3A Fountains. see Swimming pools, foun-
Motor branch circuit protection,322.40(B) Number of conductors, 348.22 tains, and similar installations

430–IVMarking, 322.120 Securing and supporting, 348.30 FPN, explanatory material, 90.5(C)
Motor overload protection, 430–IIINumber of conductors in, 322.100 Size, 348.20 Frame
Multiple. see Multiple fusesSize of conductors in, 322.104 Splices and taps, 348.56 Definition, 551.2
Over 600 volts, 490.21(B)Splices, 322.56 Trimming, 348.28 Fuel cell systems, Art. 692
In parallel, not permitted, 240.8,Supports for, 322.30 Uses not permitted, 348.12 Circuit requirements, 692–II

404.17Terminal block identification, Uses permitted, 348.10 Circuit sizing, 692.8
Plug, Edison-base type, 240–V322.120(C) Flexible metallic tubing (Type FMT), Connection to other circuits, 692–VII
Potential (voltage) transformers,Uses not permitted, 322.12 Art. 360 Identified interactive equipment,

450.3(C)Uses permitted, 322.10 Bends, 360.24 692.60
Ratings, 240.6Flat conductor cable (Type FCC),Art. Boxes and fittings, 360.40 Loss of interactive system power,
Services over 600 volts, 230.208

324 Construction specifications, 360–III 692.62
Type S, 240.53, 240.54

Branch-circuit rating, 324.10(B) Definition, 360.2 Output characteristics, 692.61
Future expansion and convenience,

Cable connections and ends, Grounding, 360.60 Point of connection, 692.65
90.8(A)

324.40(A) Installation, 360–II Transfer switch, 692.59
Unbalanced interconnection,Construction, 324–III Listing, 360.6

Marking, 360.120Conductor identification, 692.64
G324.120(B) Number of conductors, 360.22 Definitions, 692.2

Disconnecting means, 692–IIICorrosion resistance, 324.10(I), Sizes, 360.20 Gages (AWG), conductors, 110.6
324.101 Splices and taps, 360.56 All conductors, 692.13 Garages, commercial, Art. 511

Insulation, 324.112 Uses not permitted, 360.12 Provisions of, 225.31, 692.14 Battery charging equipment,
Markings, 324.120(A) Uses permitted, 360.10 Switch or circuit breaker, 692.17 511.10(A)
Receptacles and housings, Floating buildings, Art. 553 Grounding, 692–V Classification of locations, 511.3

324.42(B) Bonding of noncurrent carrying Equipment grounding conductor, Definition, Art. 100–I
Shields, 324.100(B) metal parts, 553.11 692.44, 692.45 Electric vehicle charging, 511.10(B)

Definitions, 324.2 Definition, 553.2 Grounding electrode system, Elevators, dumbwaiters, escalators,
Transition assemblies, 324.56(B) Feeder conductors, 553.6 692.47 moving walks, in, 620.38

Definitions, 324.2 Grounding, 553–III System grounding, 692.41 Equipment, 511.4, 511.7
Installation, 324–II Insulated neutral, 553.9 Installation, 692.4 Ground-fault circuit-interruption

Alterations, 324.56(A) Service conductors, 553.5 Marking, 692–VI protection, 511.12
Boxes and fittings, 324.40 Service equipment location, 553.4 Fuel cell power sources, 692.53 Grounding, 250.112(F), 511.16
Cable connections and insulating Services and feeders, installation, Fuel shutoff, 692.54 Locations, 511.3, 511.4

ends, 324.40(A) 553.7 Stored energy, 692.56 Sealing, 511.9
Connections to other systems, Floor pockets, 520.46 Overcurrent protection, 692.8(B), Special equipment, 511.10

324.40(D) Floors, receptacles, 210.52(A)(3), 692.9 Wiring, 511.4, 511.7
Coverings, 324.10(H) 250.146(C), 314.27(C) Over 600 volts, 692–VIII Gases. see Hazardous (classified) loca-
Crossings, 324.18 Flue damper control. see Dampers General, 692.80 tions
Enclosure and shield connections, (flue), control Stand-alone system, 692.10 Gasoline bulk storage plants. seeBulk

324.10(J) Fluorescent luminaires (lighting fix- Standby systems, legally required, storage plants; Hazardous
(classified) locationsHeated floors, 324.10(F) tures), 410–XIII, 410–XIV 701.11(F)
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Gasoline dispensing and service sta- Grounding, 250.34, 250.112 Health care facilities, 517.20(A), Dishwashers, 250.114
Guards for attendants, 445.15 517.21tions. seeMotor fuel dispens- Electrode system, 250–III
Health care facilities, 517.30, 517.35, Kitchens in dwelling units,ing facilities Elevators, 250.112(E), 250.116,

517.44 210.8(A)(6)Gas pipe 250.136, 620–IX
Location, 445.10 Marinas and boatyards,As grounding electrode, Enclosures, 250.64(E), 250–IV
Marking, 445.11 555.19(B)(1)250.52(B)(1) Equipment, cord-and-plug-
Overcurrent protection, 445.12 Mobile homes, 550.13(B),General care areas, 517.18 connected, 250.114
Portable, 250.34 550.32(E)Definition, 517.2 Fire alarm systems, 250.112(I), 760.9
Protection of live parts, 445.14 Outdoors, dwelling units,General provisions, installation of Fixed equipment, 250.110, 250.112,
Recreational vehicles, 551.30 210.8(A)(3)wiring and equipment, Art. 250.134, 517.13
Standby systems, Art. 701, 702 Park trailers, 552.41(C)110 Fixtures, lampholders, etc.,
Terminal housings, 445.17 Pools, 680.5, 680.6, 680.22(A)(5),General requirements for wiring 410.105(B), 410–V

Goosenecks, service cables, 230.54 680.32, 680.62(E)methods, Art. 300. see also Fountains, 680.54, 680.55
Grooves, shallow, cables and race- Recreational vehicles, 551.40(C),Wiring methods Freezers, 250.114

ways installed in, 300.4(E) 551.41(C)Boxes, conduit bodies, or fittings, Fuel cell systems, 692–V
Ground Required, 210.8where required, 300.15 Generators, 250.34, 250.112

Definition, Art. 100–I Rooftops in other than dwellingChanging raceway or cable to open Hazardous (classified) locations,
Voltage to units, 210.8(B)(3)wiring, 300.16 501.30, 502.30, 503.30,

Definition, Art. 100–I Sensitive electronic equipment,Conductors, 300.3 505.25, 506.25
Ground clamps, 250.8, 250.10, 250.70 647.7(A)Different systems, 300.3(C) Health care facilities, 517.13, 517.19
Grounded Spas and hot tubs, 680.43(A),Installation with other systems, High density polyethylene conduit,

Definition, Art. 100–I 680.44300.8 353.60
Effectively Wet bar sinks, 210.8(A)(7)Insulated fittings, 300.4(F) Induction and dielectric heating

CATV system, 820.100, 820–IV Swimming pools. see SwimmingNumber and sizes of, in raceways, equipment, 665–II
Communication system, 800–IV pools, fountains, and similar300.17 Information technology equipment,
Definition, Art. 100–I installationsSupporting of conductors in verti- 645.15

Solidly Ground-fault protectioncal raceways, 300.19 Instrument transformers, relays, etc.,
Definition, Art. 100–I Deicing and snow-melting equip-Exhaust and ventilating ducts, wir- 250–X

Grounded conductor. see Conductors, ment, 426.28ing, 300.22 Intrinsically safe systems, 504.50
Grounded; Neutral Emergency systems, not required,Expansion joints, raceways, 300.7(B) Lightning surge arresters, 280.25

Ground-fault circuit interrupters 700.26Free length of wire at outlets, junc- Metal boxes, 314.40(D)
Accessory buildings, dwelling units, Equipment, 215.10, 240.13tion and switch points, 300.14 Metal enclosures for conductors,

210.8(A)(2) Definition, Art. 100–IInduced currents in metal enclosures, 250.80, 250.86
Aircraft hangars, 513.12 Health care facilities, 517.17300.20 Metal faceplates, 404.9(B), 406.5(B)
Basements, dwelling units, unfin- Personnel. see Ground-fault circuitMechanical and electrical continuity, Metal siding, 250.116 FPN

ished, 210.8(A)(5) interruptersconductors, raceways, cables, Methods, 250–VII
Bathtubs, hydromassage, 680.71 Pipeline heaters, 427.22300.10, 300.12, 300.13 Mobile homes, 550.16
Carnivals, circuses, fairs, and similar Service disconnecting means, 230.95Over 600 volts, 110–III, 300–II, Art. More than 600 volts between conduc-

events, 525.23 Solar photovoltaic systems, 690.5490 tors, 300.40
Definition, Art. 100–I Grounding, Art. 250. see also subheadProtection against Motion picture studios, 530.20
Electrically operated pool covers, under entries for specific wir-Corrosion, 300.6 Motors and controllers, 250–VI,

680.27(B)(2) ing and equipmentPhysical damage, 300.4 430.12(E), 430.96, 430–XIII
Electric signs, portable or mobile, AC systems, 250.20, 250.24, 250.26

Raceway installations, 300.18 Naturally and artificially made bod-
600.10(C)(2) Air-conditioning units, 250.114

Raceways and cables with other sys- ies of water, electrical equip-
Elevators, dumbwaiters, escalators, Anesthetizing locations, 517.62

tems, 300.8 ment for, 682–III
moving walks, wheelchair Antenna, 810.15, 810.21, 810.58,

Raceways and fittings, metric desig- Nonelectrical equipment, 250.116
lifts, and stairway chair lifts, 810.71(B)

nator and trade size, 300.1(C) Organs, 650.5
620.85 Appliances, 250.114

Raceways as a means of support, Over 600 volts, 300.40, 490.36,
Fixed electric space-heating equip- Audio signal processing, amplifica-

300.11(B) 490.37, 490.74
ment cables, 424.44(G) tion, and reproduction equip-

Raceways exposed to different tem- Over 1000 volts, 250–XFountains, 680.51(A) ment, 640.7
peratures, 300.7 Panelboards, 408.40, 517.19(D)Garages, commercial, 511.12 Bonding. see Bonding

Sealing, raceways, change in temper- Patient care areas, 517.13, 517.19(C)Garages, dwelling units, 210.8(A)(2) Busways, 368.60
ature, 300.7(A) Portable equipment, 250.114Naturally and artificially made bod- Over 600 volts, 368.260

Securing and supporting, 300.11 Radio and television, 810.15, 810.21,ies of water, electrical equip- Cablebus, 370.9
Spread of fire or products of combus- 810.58, 810.71(B)ment for, 682.15 Capacitors, 460.10, 460.27

tion, 300.21 Ranges and similar appliances,Permitted uses, 210.8, 215.9 CATV systems, 820.93, 820–IV
Temperature limitations., 310.10 250.140Personnel, protection for, 426.32 Circuits, 250–I
Through studs, joists, rafters, 300.4 Receptacles, 210.7, 250.146,Pipeline heating, 427.27 Less than 50 volts, 250.20(A),
Underground installations, 300.5, 250.148, 406.3, 517.13,Pools and tubs for therapeutic use, 720.10

300.50 517.19(G)680.62(A) and (E) Clothes dryers, 250.114(3), 250.140
Voltage limitations, 300.2 Recreational vehicles, 551.54,Receptacles, 210.8 Clothes washers, 250.114
Wiring in ducts, plenums, air-han- 551.55, 551.75, 551.76Bathrooms, in dwelling units, Communications systems, 800.93,

dling spaces, 300.22 Refrigerators, 250.114210.8(A)(1) 800–IV
Generators, Art. 445 Sensitive electronic equipment,Bathrooms in other than dwelling Continuity, 250.96

Bushings, 445.16 647.6units, 210.8(B)(1) Control, radio equipment, 810.71(B)
Conductor, ampacity of, 445.13 Separate buildings, 250.32Boathouses, 555.19(B)(1) Control panels, 409.60
Disconnecting means, 445.18 Separately derived systems,Construction sites, at, 590.6 Cranes and hoists, 610–VII
Emergency systems, 700.12(B) 250.20(D), 250.30Existing, 406.3(D)(2) DC systems, 250.162, 250.164
Essential electrical systems, task illu- Signs and outline lighting, 600.7Fountains, 680.57(B), 680.58 Deicing, snow-melting systems,

mination, 517.32(E), Spas and tubs, 680.6, 680.7(B),Garages, in dwelling units, 426.22(A), 426.27, 426.34,
426.44517.42(F) 210.8(A)(2) 680.43(F)
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Surge arresters, 280.25 Generators, 445.15 Dusttight, 500.7(C) Utilization equipment, 501.135
Handlamps, portable, 410.42(B) Equipment, 500.8Swimming pools, 680.6, 680.7(B), Wiring methods, 501.10
Induction and dielectric heating Explosion proof apparatus, 500.7(A)680.23(B)(3) and (F)(2), Zone 0, 1, and 2 locations. see Haz-

equipment, 665–II Fiber optic cable assembly, 500.8(E)680.24(D) and (F), 680.25(B) ardous (classified) locations,
Lamps, theaters, dressing rooms, etc., Fibers, flyings, lint, highly combusti-Switchboards, 250.112(A), 408.22 Class I, Zone 0, 1, and 2 loca-

520.44(A)(3), 520.47, ble material, Art. 503, Art.Switches, 404.9(B), 404.12 tions
520.65, 520.72 506Systems, 250–I, 250–II Hazardous (classified) locations,

Live parts Flammable liquids, Arts. 500 and 501Theaters and similar locations, Class I, Zone 0, 1, and 2 lo-
General, 110.27 Garages, commercial, 511.3, 511.4520.81 cations, Art. 505
On stage switchboards, 520.22 Gases, flammable, Arts. 500 and 501Tools, motor operated, 250.114 Class I, Zone 0, 1, and 2 group classi-
In theaters, 520.7 Gasoline service stations. see MotorTransformers, 450.5, 450.6(C), fications, 505.6(A)

Motion picture studios, 530.15, fuel dispensing facilities450.10 Classification of locations, 505.5
530.62 General, 500.4Transient voltage surge suppressors, Class I, Zone 0, 505.5(B)(1)

Motors and motor controllers, Group classifications, 500.6285.25 Class I, Zone 1, 505.5(B)(2)
430.243, 430–XII Hoists, 503.155X-ray equipment, 517.78, 660–IV Class I, Zone 2, 505.5(B)(3)

Over 600 volts, 110.34, 590.7. see Inhalation anesthetizing locations.Grounding conductors, 250–III, Conductors and conductor insulator,
also Protection, Physical see Anesthetizing locations250–VI. see also Equipment 505.18
damage Intrinsic safety, 500.7(E). see alsogrounding conductors; Definitions, 505.2

Portable cables, 400.31(B), 400.32 Intrinsically safe systemsGrounding electrode conduc- Documentation, 505.4(A)
Transformers, 450.8 Lighting systems, less than 30 volts,tors Equipment construction, 505.9
Ventilation openings, 110.78 411.7Communications circuits, 800.100 Listing, 505.9(B)
X-ray installations, 517.78, 660–IV Marking, 500.8(B)CATV coaxial cable, 820.100(A) Marking, 505.9(C)

Guest rooms or suites Temperature, 500.8 (C)Network-powered broadband Suitability, 505.9(A)
Branch-circuit voltages, 210.6(A) Material groups, 500.6communications cable, Equipment for use in, 505.20
Definition, Art. 100–1 Protection techniques, 500.7830.100(A) Exposed parts, 505.19
Outlets, 210.60, 210.70(B), 220.14(J) Specific occupancies, Art. 510Radio and television equipment, General, 505.4

Gutters, auxiliary. see Auxiliary gut- Spray application, dipping and coat-810.21, 810.58 Grounding and bonding, 505.25
ters ing processes, 516.3Definition, Art. 100–I Material groups, 505.6

Threading, 500.8(D)Earth as, 250.4(A)(5), 250.54 Protection techniques, 505.8
Vapors, flammable, Art. 500, 501Enclosures, 250–IV Combustible gas detection system,

Hazardous (classified) locations,Identification, multiconductor cable, 505.8(I)H
Class I, 500.5(B), 500.6(A),250.119 Encapsulation, 505.8(G)Hallways, outlets, 210.52(H) Art. 501. see also HazardousInstallation, 250.64, 250.120 Flameproof, 505.8(A)Handlamps, portable, 410.42(B) (classified) locations, ClassesMaterial, 250.62 Increased safety, 505.8(F)Hangars, aircraft. seeAircraft hangars I, II, and III, Divisions 1 andObjectionable current over, 250.6 Intrinsic safety, 505.8(C)Hazard current 2; Hazardous (classified) lo-Sizes, 250.122 Oil immersion, 505.8(E)Definition, 517.2 cations, Class I, Zone 0, 1,Grounding electrode conductors. see Powder filling, 505.8(H)Hazardous areas. seeHazardous (clas- and 2 locationsalso Electrodes, grounding Purged and pressurized, 505.8(B)sified) locations Bonding, 501.30(A), 504.60Connection to electrodes, 250.24(D), Type of protection ‘‘n’’, 505.8(D)Hazardous atmospheres, Art. 500 Circuit breakers, 501.115250–I, 250–III Reference standards, 505.4(B)Class I locations, 500.5(B) Conductor insulation, 501.13Definition, Art. 100–I Sealing and drainage, 505.16Class II locations, 500.5(C) Control transformers and resistors,Installation, 250.64 Special precaution, 505.7Class III locations, 500.5(D) 501.105(B)(2), 501.120

Intersystem, connecting, 250.94 Wiring methods, 505.15Groups A through G, 500.6 Cranes and hoists, 610.2(A)(1)
Material, 250.62, 250.118 Hazardous (classified) locations,Specific occupancies, Art. 510 Drainage of equipment, 501.15(F)
Separately derived systems, 250.30 Class II, 500.5(C), Art. 502.Hazardous (classified) locations, Exposed parts, 501.25
Sizing, 250.30(A)(4)(a), 250.66, see also Hazardous (classi-Classes I, II, and III, Divi- Flexible cords, 501.140

250.166 fied) locations, Classes I, II,sions 1 and 2, Art. 500. see Fuses, 501.115
Grounding electrodes. see Electrodes, and III, Divisions 1 and 2also Hazardous (classified) Grounding, 501.30

grounding Bonding, 502.30(A)locations, Class I, Zone 0, 1, Hermetically sealed, 500.7(J)
Grounding point Circuit breakers, 502.115and 2 locations Induction and dielectric heating

Patient equipment Control transformers and resistors,Aircraft hangars, 513.3 equipment, 665.4
Definition, 517.2 501.120Anesthetizing locations, 517.60(A), Luminaires (lighting fixtures),

Reference Cranes and hoists, 610.2(A)(2)517.61 501.130
Definition, 517.2 Exposed parts, 502.25Approval for class and properties, Meters, instruments, and relays,

Grounding-type attachment plugs, Flexible cords, 502.140500.8(A) 501.105
406.9 Fuses, 502.115Bulk storage plants, 515.3 Motor controllers, 501.115

Ground ring, 250.50(A)(4), 250.53(F), Grounding, 502.30Class I. seeHazardous (classified) lo- Motors and generators, 501.120
250.66(C), 250.166(E) Luminaires (lighting fixtures),cations, Class I Nonincendive circuit, 500.7(F)

Grouping, switches, circuit breakers, 502.130Class I, Zone 0, 1, and 2. see Hazard- Nonincendive component, 500.7(H)
404.8. see also Accessible Motor controllers, 502.115ous (classified) locations, Nonincendive equipment, 500.7(G)

Grouping of disconnects, 230.72 Motors and generators, 502.125Class I, Zone 0, 1, and 2 loca- Oil immersion, 500.7(I)
Group installation, motors. see Mo- Multiwire branch circuits, 502.40tions Receptacles and attachment plugs,

tors, grouped Receptacles and attachment plugs,Class II. see Hazardous (classified) 501.145
Guarded 502.145locations, Class II Sealing, 501.15

Definition, Art. 100–I Sealing, 502.15Class III. see Hazardous (classified) Signaling, alarm, remote-control, and
Guarding, guards. see also Enclo- Signaling, alarm, remote-control, andlocations, Class III communications systems,

sures; Live parts communications systems,Combustible gas detection system, 501.150
Circuit breaker handles, 240.41(B) meters, instruments, and re-500.7(K) Surge protection, 501.35
Construction sites, 590.7 lays, 502.150Definitions, 500.2 Switches, 501.115
Elevators, dumbwaiters, escalators, Surge protection, 502.35Dust ignitionproof, 500.7(B) Transformers and capacitors,

501.100moving walks, 620.71 Dusts, explosive, Art. 502 Switches, 502.115
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Transformers and capacitors, Reference standards, 506.4(B) X-ray installations, 517–V Hermetic refrigerant motor-com-
pressors. see also Air condi-502.100 Sealing, 506.16 Connection to supply circuit,

Utilization equipment, 502.135 tioning and refrigeratingSpecial precautions, 506.6 517.71
Ventilating piping, 502.128 equipmentWiring methods, 506.15 Control circuit conductors,
Wiring methods, 502.10 Ampacity and rating, 440.6(A)Headers 517.74
Zone 20, 21, and 22 locations for Definition, 440.2Cellular concrete floor raceways, Disconnecting means, 517.72

flammable dusts, fibers, and Marking, 440.4372.2, 372.5, 372.9 Equipment installations, 517.75
flyings, Art. 506 Rating and interrupting capacity,Cellular metal floor raceways, 374.2, Guarding and grounding, 517.78

Hazardous (classified) locations, 440.12(A)374.6 High tension x-ray cables, 517.77
Class III, 500.5(D), Art. 503. High density polyethylene conduitDefinition, 372.2, 374.2 Overcurrent protection, 517.73
see also Hazardous (classi- (Type HDPE), Art. 353Health care facilities, Art. 517 Rating of supply conductors,
fied) locations, Classes I, II, Bends, 353.24, 353.26Communications, signaling systems, 517.73
and III, Divisions 1 and 2 Bushings, 353.46data systems, less than 120 Transformers and capacitors,

Bonding, 503.30(A) Construction specifications, 353–IIIvolts, nominal, 517–VI 517.76
Circuit breakers, 503.115 Definition, 353.2Other-than-patient care areas, Heater cords. see Cords, heater
Control transformers and resistors, Grounding, 353.60517.81 Heat generating equipment. see In-

503.120 Installation, 353–IIPatient care areas, 517.80 duction and dielectric heating
Cranes and hoists, 503.155, Joints, 353.48Signal transmission between ap- equipment

610.2(A)(3) Listing, 353.6pliances, 517.82 Heating. see also Heating systems; In-
Exposed parts, 503.25 Marking, 353.120Definitions, 517.2 duction and dielectric heating
Flexible cords, 503.140 Number of conductors, 353.22Essential electrical systems, 517–III equipment
Fuses, 503.115 Size, 353.20Ambulatory health care centers, Dielectric
Grounding, 503.30 Splices and taps, 353.56517.45 Definition, 665.2
Luminaires (lighting fixtures), Trimming ends, 353.28Clinics, medical and dental offices, Induction

503.130 Uses not permitted, 353.12and other health care facili- Definition, 665.2
Motor controllers, 503.115 Uses permitted, 353.10ties, 517.45 Heating appliances, Art. 422. see also
Motors and generators, 503.126 High-impedance grounded neutralConnections Infrared lamp industrial heat-
Receptacles and attachment plugs, systems, 250.21(4), 250.36Alternate power source, 517.34 ing appliances; Water heaters

503.145 Hoists, Art. 610. see also CranesCritical branch, 517.43 Heating cables, Art. 424
Signaling, alarm, remote-control, and Conductors, contact, 610–IIILife safety branch, 517.42 Heating elements

local loudspeaker intercom- Control, 610–VICritical branch, 517.33, 517.43 Marking, 422.61
munications, 503.150 Electrolytic cells, 668.32Definition, 517.2 Resistance. see Fixed electric heating

Storage battery charging equipment, Flexible cords, 400.7(A)(5)Emergency system, 517.31 equipment for pipelines and
503.160 Grounding, 250.22(1), 250.112(E),Essential electrical systems, vessels

Switches, 503.115 250.116(1), 610–VII517.41 Heating equipment
Transformers and capacitors, Hazardous (classified) locations,Hospitals, 517.30 Central, 422.12

503.100 503.155Life safety branch, 517.32 Definition, 665.2
Utilization equipment, 503.135 Marinas and boatyards, 555.23Nursing homes and limited care Fixed. see Fixed electric heating
Ventilation piping, 503.128 Motors and controllers, discon-facilities, 517.40 equipment for pipelines and
Wiring methods, 503.10 necting means, 430.112 Ex.,Power sources, 517.35, 517.44 vessels; Fixed electric space
Zone 20, 21, and 22 locations for 610–IVGeneral, 517–I heating equipment; Fixed

flammable dusts, fibers, and Overcurrent protection, 610–VInhalation anesthetizing locations, outdoor electric deicing and
flyings, Art. 506 Wiring, 610–II

517–IV snow-melting equipment
Hazardous (classified locations), spe- Hoistways

Classification, 517.60 Induction and dielectric. see Induc-
cific, Art. 510 Busways in, 368.12(B)

Grounded power systems in anes- tion and dielectric heating
Hazardous (classified) locations, Cablebus in, 370.3

thetizing locations, 517.63 equipment
Zone 20, 21, and 22,Art. 506 Definition, Art. 100–I

Grounding, 517.62 Outside, 550.20(B)
Bonding, 506.25(A) Surface metal raceways, 386.12(4)

Line isolation monitor, 517.160(B) Swimming pools. see Swimming
Classification of locations, 506.5 Wiring in, 620.37, 725.55(I),

Low-voltage equipment and in- pools, fountains, and similar
Definitions, 506.2 760.30(A)(3), 760.52(B)(2),

struments, 517.64 installationsDocumentation, 506.4(A) 760.55(F)
Wiring and equipment, 517.61, Heating panels and heating panelEquipment installation, 506.20 Hoods, metal, stage switchboard,

517.160 sets, radiant. see Fixed elec-Manufacturer’s instructions, 520.24
Isolated power systems, 517.19(F), tric space heating equipment,506.20(D) Hoods, range, cord-and-plug-con-

517–VII radiant heating panels andTemperature, 506.20(E) nected, 422.16(B)(4)
Wiring and protection, 517–II heating panel setsEquipment requirements, 506.9 Hoods for commercial cooking, light-

Applicability, 517.10 Heating systemsListing, 506.9(B) ing in, 410.4(C)
Critical care areas, 517.19 ImpedanceMarking, 506.9(C) Hospitals. see also Health care facili-
Fixed electrical equipment and Definition, 427.2Suitability, 506.9(A) ties

grounding of receptacles, Induction. see also Induction and di-Temperature, 506.9(D) Definition, 517.2
517.13 electric heating equipmentThreading, 506.9(E) Essential electrical systems, 517.30

General care areas, 517.18 Definition, 427.2Flexible cords, 506.17 Patient care areas. see Patient care
General installation/construction IntegratedGeneral, 506.4 areas

criteria, 517.11 Definition, 427.2Grounding, 506.25 Psychiatric
Ground-fault circuit-interrupter Skin effectMultiwire branch circuits, 506.21 Definition, 517.2

protection, 517.20(A), 517.21 Definition, 427.2Protection techniques, 506.8 Hotels and motels
Ground-fault protection, 517.17 Heavy-duty lampholdersDust ignitionproof, 506.8(A) Branch-circuit voltages, guest rooms
Grounding, 517.13 Branch circuits, 210.21(A), 210.23,Dusttight, 506.8(D) and suites, 210.6(A)
Panelboard bonding, 517.14 Table 210.24Intrinsic safety, 506.8(C) Lighting load, Table 220.12
Receptacles, 517.13, 517.16 Unit loads, 220.14(E)Nonincendive circuit and equip- Lighting outlets required, 210.70(B)
Wet locations, 517.20 Hermetically sealed, 500.7(J)ment, 506.8(E) and (F) Receptacle ground-fault circuit inter-

rupter protection, 210.8(B)Pressurization, 506.8(B) Wiring methods, 517.12 Definition, 500.2
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Receptacle outlets, guest rooms and Definitions, 665.2 Inhalation anesthetizing locations. Conductors, 326.104
Disconnecting means, 665.12suites, 210.60, 210.70(B), see Anesthetizing locations Conduit, 326.116
Guarding, grounding, and labeling,220.14(J) Inserts Insulation, 326.112

665–IIHot tubs. see Spas and hot tubs Cellular concrete floor raceways, Marking, 326.120
Access to interior equipment,Houseboats. see Floating buildings 372.9 Definition, 326.2

665.22Hydromassage bathtubs, 680–VII Cellular metal floor raceways, 374.10 Installation, 326–II
Capacitors, 665.24Definition, 680.2 Underfloor raceways, 390.14 Ampacity, 326.80
Component interconnection, In sight from Bending radius, 326.24

665.19 Air-conditioning or refrigerating Bends, 326.26
Control panels, 665.21 equipment, 440.14 Fittings, 326.40I Enclosures, 665.20 Center pivot irrigation machines, Uses not permitted, 326.12

Identification. see also Color code; Grounding and bonding, 665.26 675.8(B) Uses permitted, 326.10
Markings Marking, 665.27 Definition, Art. 100–I Interactive systems

Disconnecting means, 110.22, Shielding, 665.25 Duct heaters, 424.65 Definition, 690.2, 705.2
230.70(B), 620.51(D) Warning labels or signs, 665.23 Electric-discharge lighting, Fuel cell systems, connection to,

Emergency circuits and systems, Hazardous (classified) locations, 410.81(B) 692–VII
700.9(A) 665.4 Fixed electric space heating equip- Intercommunications systems. see

Flexible cords Output circuits, 665.5 ment, 424.19(A) Communications circuits;
Equipment grounding conductors, Overcurrent protection, 665.11 Motor driven appliances, 422.32 Hazardous (classified) loca-

400.23 Remote control, 665.7 Motors, motor controllers, 430.102 tions
Grounded conductors, 200.6(C), Induction heating Room air conditioners, 440.63 Interconnected electric power pro-

Definition, 665.2400.22 Signs, 600.6(A) duction sources, Art. 705
Inductive loadsFuel cell systems, 692.4(B) Institutions, emergency lighting, Art. Connection point, 705.12

Motors, 430.83, 430.109Grounded conductors, Art. 200,
700 Definition, 705.2

Signs, 600.6(B)400.22, 402.8
Instructions, 110.3(B), 230.95(C) Directory, 705.10Switches, types, ratings, 404.14Grounding-pole, 406.9(B)
Instrumentation tray cable (Type Disconnect device, 705.22Industrial control panels, Art. 409High-leg, 110.15, 230.56, 408.3(E),

ITC), Art. 727 Disconnecting means, equipment,Conductors409.102
Allowable ampacity, 727.8 705.21Busbars, 409.102Intrinsically safe systems, 504.80
Bends, 727.10 Disconnecting means, sources,Minimum size and ampacity,Panelboard circuits, 408.30
Construction, 727.6 705.20409.20Service disconnecting means,
Definition, 727.2 Ground-fault protection, 705.32Construction specifications, 409–III230.70(B)
Marking, 727.7 Grounding, 705.50Definition, 409.2Ungrounded conductors, 210.5(C)
Overcurrent protection, 727.9 Interrupting and short-circuit currentDisconnecting means, 409.30Wiring device terminals, 250.126,
Uses not permitted, 727.5 rating, 705.16Enclosures, 409.100504.80
Uses permitted, 727.4 Loss of primary source, 705.40Flash protection, 110.16Identified

Instruments, meters, relays Output characteristics, 705.14Grounding, 409.60Definition, Art. 100–I
Grounding, 250–IX Overcurrent protection, 705.30Installation, 409–IIIllumination. see also Lighting; Lumi-
Hazardous (classified) location, Point of connection, 705.12Marking, 409.110naires (lighting fixtures)

501.105, 502.150 Synchronous generators, 705.43Overcurrent protection, 409.21Means of egress, 517.32(A),
Low-voltage, 517.64 Unbalanced interconnections, 705.42Service equipment, 409.108517.42(A)

Instrument transformers. see Trans- Intermediate metal conduit (TypeSpacing, minimum, 409.106Task, 517.33(A)
Wiring space in, 409.104 formers, instrument, ground- IMC), Art. 342Definition, 517.2

Industrial machinery, Art. 670 ing Bends, 342.24, 342.26Immersible appliances, 422.41
Definition, 670.2 Insulation Bushings, 342.46Immersion heaters, cord-and-plug-
Disconnecting means, 670.4(B) Conductors. see Conductors, insula- Construction, 342–IIIconnected, 422.44
Nameplates, 670.3 tion Couplings and connectors, 342.42Incandescent lamps,Art. 410. see also
Supply conductors and overcurrent Double. see Double insulated Definition, 342.2Hazardous (classified) loca-

protection, 670.4 Equipment, 110.3(A)(4) Dissimilar metals, 342.14tions
Industrial manufacturing system Fixture wire, 402.3, Table 402.3 Installation, 342–IIGuards

Definition, 670.2 Flexible cords, 400.4, Table 400.4, Listing, 342.6Aircraft hangars, 513.7(C) Information technology equipment, 400–II Maximum number of conductors andGarages, 511.7(B) Art. 645 Heating cables, 424–V fixture wires in, Tables C4Theater dressing rooms, 520.72 Cables not in information technology Integrity, 110.7 and C4ALamp wattage, marking on luminaire equipment rooms, 645.6 Insulation levels Number of conductors, 342.22(fixture), 410.70 Disconnecting means, 645.4(1), Definitions, 100 percent, 133 per- Reaming and threading, 342.28Medium and mogul bases, 410.53 645.10
cent, Table 310.64 Size, 342.20Snap switches for, 404.14(B)(3) Grounding, 645.15

Insulators Splices and taps, 342.56Independent Marking, 645.16
Nonabsorbent, 230.27, 394.30(A) Standard lengths, 342.130Circuits for emergency lighting, Penetrations, 645.7
Open wiring. see Open wiring on in- Supports and securing, 342.30700.17 Power distribution units, 645.17

sulators Uses permitted, 342.10Supports, services, over buildings, Special requirements for information
Integrated electrical systems,Art. 685 Wet locations, 342.10(D)230.29 technology equipment rooms,

Applications of other articles, 685.2 Intermittent dutyWiring, emergency circuits, 700.9(B) 645.4
DC system grounding, 685.12 Definition, Art. 100–IX-ray control, 660.24 Supply circuits and interconnecting
Orderly shutdown, 645.10 Ex., Motors, 430.22(E)Individual branch circuits. seeBranch cables, 645.5

645.11, 685–II Interpretations, formal. see Formalcircuits, individual Uninterruptible power supplies
Overcurrent protection, location of, interpretationsInduced currents, metal enclosures, (UPS), 645.11

685.10 Interrupter switch. see Switches, in-300.20, 330.31 Infrared lamp industrial heating ap-
Ungrounded control circuits, 685.14 terrupterInduction and dielectric heating pliances, 422.14, 422.48

Integrated gas spacer cable (Type Interrupting rating, 110.9,equipment, Art. 665 Branch circuits, 210.23(C),
IGS), Art. 326 240.60(C)(3), 240.83(C)Ampacity of supply conductors, 422.11(C), 424.3(A)

Overcurrent protection, 422.11(C)665.10 Construction, 326–III Definition, Art. 100–I
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Intrinsically safe apparatus Grounding electrode conductor, Supports, 314.23 Pendant
Bathrooms, 410.4(D)Definition, 504.2 250.64(C) Swimming pools, 680.23(C), 680.24

Switch enclosures, 110.59, 312.8,Grounding, 504.50(A) High density polyethylene conduit, Not in clothes closets, 410.8(C)
Not in theater dressing rooms,Intrinsically safe circuits 353.48 404.3(B)

Underfloor raceways, 390.13Definition, 504.2 Insulating, fixtures, 410.16(E) 520.71
Screw-shell types for lamps only,Different Insulation of, 110.14(B)

Strain at, 400.10Definition, 504.2 410.47
Unswitched over combustible mate-Intrinsically safe systems, Art. 504 Joists K

Bonding, 504.60 Air-handling, space, 300.22(C) Ex. rial, 410.6Kitchen equipment, commercial,
Conductors, separation of, 504.30 Armored cable, 320.23(A) Lamps, Art. 410. see also Luminaires220.56
Definitions, 504.2 Concealed knob-and-tube wiring, (lighting fixtures); HazardousKnife switches
Equipment installation, 504.10, 394.23 (classified) locationsButt contacts, 404.6(C)

506.8(C) Electric space heating cables, Arc. see Arc lamps, portableConnection, 404.6(C)
Equipment listing, 504.4 424.41(J) Backstage (bare bulb), 520.47Construction specifications, 404–II
Grounding, 504.50 Holes through or notches in, Clothes closets, in, 410.8Enclosures, 404.3
Identification, 504.80 300.4(A) Electric discharge, 410.30(C),General-use, 404.13(C)
Sealing, 504.70 Nonmetallic sheathed cable, 410.54, 410–XIII, 410–XIVInterrupt current, 404.13(B)
Separation of intrinsically safe con- 334.15(C) Electric discharge, enclosure,Isolating, 404.13(A)

ductors, 504.30 Open wiring, crossing, 398.15(C) 410.54(A)Motor-circuit, 404.13(D)
Wiring methods, 504.20 Parallel to framing members, cables Fluorescent. see Fluorescent lumi-Position, enclosed and open types,

Introduction, Art. 90 and raceways, 300.4(D) naires (lighting fixtures)404.6
Inverter Jumpers, bonding, 250.28, 250.102, Guards. see Guarding, guardsRatings, 404.14

Definition, 690.2 250.168 Headlamps. see Handlamps, portable600-volt, 404.16
Irons. see Flatirons Definition, Art. 100–I Incandescent. see IncandescentKnob-and-tube wiring, Art. 394
Irrigation machines, Art. 675 Equipment, 250.102 lampsAccessible attics, 394.23

Bonding, 675.14 Definition, Art. 100–I Infrared. see Infrared lamp industrialClearances, 394.19
Center pivot, 675–II Size, 250.30(A)(2) heating appliancesConductors, 394.104

Definition, 675.2 Expansion joints, telescoping sec- Motion picture projectors, 540.14,Definition, 394.2
Collector rings, 675.11 tions of raceways, 250.98 540.20Devices, 394.42
Conductors, 675.9 Grounding electrode system, Motion picture studiosInstallation, 394–II

Derating of, 675.5 250.53(C), 250.64(C)(3) Film storage vaults, 530.51Securing and supporting, 394.30
Current ratings, equivalent, 675.7 Grounding-type receptacles, 250.146 Stages, portable, 530.16, 530.17Splices and taps, 394.56
Definitions, 675.2 Hazardous (classified) locations, Viewing, cutting tables, 530.41Through or parallel to framing mem-
Disconnecting means, 675.8 250.100, 501.30(A), Outdoor, location, 225.25bers, 394.17
Grounding, 675.12, 675.13 502.30(A), 503.30(A) Portable. see Portable lampsUses not permitted, 394.12
Irrigation cable, 675.4 Health care facilities, 517.19(C) and StandUses permitted, 394.10
Lightning protection, 675.15 (D) Definition, 520.2, 530.2Knockouts
Marking, 675.6 Main, 250.24(B) TheatersBonding
Motors on branch circuit, 675.10 Definition, Art. 100–I Border and proscenium, 520.44Over 250 volts, 250.97 Ex.
Supply source, more than one, 675.16 Wire or busbar, as, 250.24(A)(4) Dressing rooms, lamp guards,Service equipment, 250.92(B)

Isolated Metal, structural, 250.104(C) 520.72Openings to be closed, 110.12(A),
Arcing parts, 110.18 Network-powered broadband com- Festoons, 520.65314.17(A)
Circuits, low voltage, 517.64(C) munications system, Footlights, 520.43
Definition, Art. 100–I 830.100(D) Stage, arc, portable, 520.61
Equipment grounding conductor, Piping systems, 250.104 Switchboards, pilot lights,L250.146 FPN Separately derived systems, 520.53(G)

LabeledPhase installations, 300.5(I) Ex. 2 250.30(A) Wattage marking, flush and recessed
Definition, Art. 100–IPower systems, 517.160, 517–VII Service equipment, 250.28, luminaires (fixtures), 410.70

Labels required, 550.20(B),Definition, 517.2 250.92(B), 250.102(C) Laundry
Essential electrical systems, 550.32(G), 551.46(D),Junction boxes. see also Boxes; Pull Circuit load, 220.52(B)

517.30(C)(2) 551.47(Q)(3), 551.47(R)(4),boxes Outlets
Grounding, 517.19(F), 647.7(B) 552.44(D), 552.48(P)(3),Accessibility, 314.29 Dwelling, 200.14, 210.11(C)(2),
Installation, 517.160(A) 552.59(B). see also WarningCellular concrete floor raceways, 210.50(C), 210.52(F)

Isolating means, over 600 volts, signs (labels), at equipment372.7 Ground-fault circuit interrupters,
490.22 Lacquers and paintsCellular metal floor raceways, 374.9 210.8(A)(7)

Isolating switches. see Switches, iso- Application, Art. 516Covers, 314.28(C), 314.72(E) Mobile homes, 550.13(D)(7)
lating Atmospheres, 500.5(B), 500.6(A),Deicing and snow-melting cables, Laundry area, 210.52(F), 550.12(C),

Isolation by elevation Art. 501, 505.5(B), Art. 505426.22(E), 426.24(B) 550.13(D)(7)
Circuits over 600 volts, 110.34(E) LampholdersMotor controllers and disconnects, Definition, 550.2
Circuits under 600 volts, 110.27(A) Branch circuits supplying, 210.23430.10(A) Leakage current detection and inter-
Resistors and reactors over 600 volts, Circuits less than 50 volts, 720.5Nonheating cable leads, 424.43 ruption (LCDI) protection,

470.18(B) Construction, 410–IXOver 600 volts, 314–IV 440.65
Isolation equipment, systems (mo- Damp or wet locations, 410.4(A),Sensitive electronic equipment, Definition, 440.2

tors), 430.109(A)(7) 410.49647.4(B) Legally required standby systems,
Definition, 430.2 Double-pole switched, 410.48Separation from motors, 430.245(B) Art. 701

Isolation transformer. see Transform- Heavy-duty. see Heavy-duty lamp-Size Accessibility, 701.15
ers, Isolation holdersConductors 4 AWG and larger, Approval, equipment, 701.4

Infrared lamps, 422.14314.16, 314.28(A) Capacity and rating, 701.6
Installation, 410–VIIIConductors 6 AWG and smaller, Circuit wiring, 701.10, 701–II

J Mogul base. see Mogul base lamp-314.16(C)(1) Definition, 701.2
holdersJoints. see also Splices and taps Construction specifications, Ground-fault protection of equip-

ment, 701.17Expansion. see Expansion joints 314–III Outdoor, 225.24
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Overcurrent protection, 701–IV Construction requirements, 410.105 Installation, 356–II Elevator motor disconnecting means,
620.51(C)Signals, 701.8 Definition, 410.100 Listing, 356.6

Marking, 356.120Signs, 701.9 Fastening, 410.104 Foreign pipes, accessories, trans-
former vaults, 450.47Sources or power, 701–III Heavy-duty, 410.103 Maximum number of conductors and

fixture wires in, Tables C5Tests and maintenance, 701.5 Installation, 410.101 Generators, 445.10
Grounding connections at electrodes,Transfer equipment, 701.7 Load calculations, 220.43(B) through C6A

Number of conductors or cables in,Wiring, 701.10 Lightning rods 250.68
Hazardous. see Hazardous (classi-Lengths As a ground, 250.60 356.22

Securing and supporting, 350.30,Branches from busways, 368.56(B) Irrigation machines, 675.15 fied) locations
Lamps, outdoors, 225.25Free conductors at outlets and Spacing from, 250.106 FPN 356.30

Size, 356.20switches, 300.14, 424.43, Lightning (surge) arresters, Art. 280 Luminaires (lighting fixtures),
410–II426.23 Antenna discharge units, 810.20 Splices and taps, 356.56

Trimming, 356.28High density polyethylene conduit, Connections at services, 230.82(4) Mobile homes disconnecting means
and branch-circuit protectivemarking, 353.120 Definition, 280.2 Uses not permitted, 356.12

Uses permitted, 356.10Intermediate metal conduit, 342.130 Grounding, 250.60, 250.106, 280.25 equipment, 550.11
Motion picture projection equipment,Open wiring in nonmetallic flexible Radio and television equipment Listed

Definition, Art. 100–Itubing, 398.15(A) Receiving stations (antenna dis- 540.11
Motor disconnecting means, 430.102Pull and junction boxes, 314.28, charge units), 810.20 Live parts. see also Enclosures; Ener-

gized parts; Guarding, guards314.71 Transmitting stations, antenna dis- Motor feeder taps, 430.28 Ex.
Motors, 430.14Rigid metal conduit, 344.120, charge units, 810.57 Capacitors, 460.2

Definition, Art. 100–I344.130 Services over 600 volts, 230.209 Outlet boxes and conduit boxes,
314.29Rigid nonmetallic conduit, marking, Lightning (surge) protection,Art. 280 Exposed, 110.26

Flash protection, 110.16352.120 Communication circuit conductors, Overcurrent devices, 240–II
Overhead service, 230.54Space heating cable, nonheating 800.53 Guarding, 110.27

Lampholders, 410.3, 410.82leads, 424.34 Hazardous (classified) locations, Panelboards, damp or wet, 408.37
Protective devices for communica-Taps, 210.19(A)(4)Ex. 1, 240.21 501.35, 502.35 Lamp terminals, 410.82

Lighting systems, electric discharge,Motor branch circuit, 430.53(D) Hoistways and machine rooms, tions circuits, 800.90(B),
830.90(B)Motor feeders, 430.28 620.37(B) 410–XIII, 410–XIV

Luminaires (lighting fixtures) andLife safety branch Network-powered broadband com- Recreational vehicle disconnecting
means and distribution pan-Definition, 517.2 munications systems, lamps, 410.3, 410.46

Over 600 volts, 490.24, 490.35Essential electrical systems, 517.32, 830.40(I)(3) elboard, 551.45(B)
Resistors and reactors, 470.2517.42 Lights. see also Lamps; Lighting; Lu- In theaters, 520.7

Transformers, guarding, 450.8(C)Life support equipment, electrical minaires (lighting fixtures) Service disconnecting means,
230.70(A), 230.72(A) Ex.Definition, 517.2 Border, 520.44(A) In tunnels, 110.56

LoadsLighting Cables for, theaters, 520.44(B) Service overcurrent protection,
230.91, 230.92Branch circuits, calculation of load, Definition, 520.2 Appliances, household cooking, de-

mand table, 220.55220.12 From railway conductors, 110.19 Shooting
Definition, 530.2Cove, 410.9 Scenery, theaters, halls, 520.63 Branch circuits

Calculations, Art. 220, Annex DDecorative, 410–XVI Strip Sign switches, 600.6(A)
Splices and tapsElectric discharge. see Electric dis- Definition, 520.2 Maximum, 210.25, 220.18

Mobile homes, 550.12charge lighting Limited care facilities. see also Health Auxiliary gutters, 366.56
Wireways, 376.56, 378.56Emergency, Art. 700 care facilities Permissible, 210.23, 210.24, Table

210.24Exits. see Exits, emergency lighting Definition, 517.2 Surge arresters, 280.11
Swimming pool junction box andFeeders, calculation of load, 220.42, Essential electrical systems, 517.40 Continuous. see Continuous load

Demand220–IV Line isolation monitor, 517.160(B) transformer enclosures,
680.24Festoon. see Festoon lighting Definition, 517.2 Clothes dryers, 220.54

Household cooking appliances,Fixtures. see Luminaires (lighting Lint, flyings, Art. 503, Art. 506 Switchboards, 408.16, 408.17
Switches, wet, 404.4fixtures) Liquidtight flexible metal conduit 220.55

Farm, 220–VOutlets. see Lighting outlets (Type LFMC), Art. 350 System grounding connections,
250–IIOutline. see Outline lighting Bends, 350.24, 350.26 Feeder, 220–III, Annex D

Calculations, Art. 220Sensitive electronic equipment, Couplings and connectors, 350.42 Transformers and vaults, 450.13
Transient voltage surge suppressors,647.8 Definition, 350.2 Inductive. see Inductive loads

Mobile home parks, 550.31Systems. see Lighting systems, 30 Grounding and bonding, 350.60 285.11
Ventilation openings for transformervolts or less Installation, 350–II Mobile homes, 550.18

Motors, conductors, 430–IITrack. see Lighting track Listing, 350.6 vaults, 450.45(A)
Wet, see Wet locations; Damp or wetLighting assembly, cord-and-plug- Maximum number of conductors and Nonlinear

Definition, Art. 100–Iconnected fixture wires in, Tables C7 locations
Locked rotor motor currentDefinition, 680.2 and C7A Stage equipment, circuit loads,

520.41Lighting outlets, 210.70, 314.27(A), Number of conductors and cables in, Code letters, 430.7(B), Table
430.7(B)410.16(A), 410–III 350.22 Location board

Definition, 530.2Definition, Art. 100–I Securing and supporting, 350.30 Conversion, Tables 430.251(A) and
(B)Lighting systems, 30 volts or less,Art. Size, 350.20 Locations

Capacitors, 460.2(A)411 Uses not permitted, 350.12 Hermetic refrigerant motor-compres-
sors, 440.4(A)Branch circuit, 411.6 Uses permitted, 350.10 Crane and hoist disconnecting

means, 610–IVDefinition, 411.2 Liquidtight flexible nonmetallic con- Locknuts, double, required
Hazardous (classified) locations,Hazardous (classified) locations, duit (Type LFNC), Art. 356 Damp or wet. see Damp or wet loca-

tions411.7 Bends, 356.24, 356.26 501.30(A)
Mobile homes, 550.15(F)Listing required, 411.3 Construction specifications, 356–III Definition, Art. 100–I

Dry. see Dry locationLocations not permitted, 411.4 Couplings and connectors, 356.42 Over 250 volts to ground, 250.97
Ex. 2Secondary circuits, 411.5 Definition, 356.2 Electric discharge lighting transform-

ers, over 1000 volts, 410.84Lighting track, 220.43(B), 410–XV Grounding and bonding, 356.60 Recreational vehicles, 551.47(B)
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Low-voltage circuits. see alsoRemote- Show windows, 410.7 Marinas and boatyards, Art. 555 Metal frame of building
Supports, 410–IVcontrol, signaling, and power- Circuit breakers, 555.11 Bonding, 250.104(C)
Swimming pools, spas, and similarlimited circuits Connections, 555.9 Grounding electrode, 250.52(A)(2)

installations, 680.22(B),Definition, 551.2 Cranes, 555.23 Not permitted as equipment ground-
680.23, 680.26(B)(2),Less than 50 volts, Art. 720 Definitions, 555.2 ing conductor, 250.136(A)
680.33, 680.43(B), 680.51,Lugs Disconnecting means, 555.17 Metal gutters. see Auxiliary gutters
680.62(F), 680.72Connection to terminals, 110.14(A) Distribution system, 555.4 Metal hoods, stage switchboard,

Theaters, Art. 520Listed type at electrodes, 250.70 Enclosures, 555.10 520.24
Wet, 410.4(A)Luminaire (fixture) stud construc- Ground-fault circuit interrupters, Metal outlet boxes. see Boxes, metal
Wet-niche, 680.23(B)tion, 410.16(D) 555.19(B)(1) Metals

Definition, 680.2Luminaires (lighting fixtures), Art. Grounding, 555.15 Corrosion, protection against. see
Wiring, 410–VI410. see also Hazardous Hazardous (classified) locations, Protection, Corrosion

Dissimilar, 110.14, 250.70, 342.14,(classified) locations 555.21
Hoists, 555.23Arc, portable, 520.61, 530.17 344.14

Ferrous., 300.6(A)Autotransformers Load calculations, 555.12M
Ballasts supplying fluorescent lu- Marine power outlets, 555.11 Metal siding, grounding of, 250.116

Machine roomsminaires, 410.78 Definition, 555.2 FPN
Definition, 620.2Supply circuits, 210.9, 215.11 Motor fuel dispensing, 555.21 Metal wireways. see Wireways, metal
Guarding equipment, 620.71Auxiliary equipment, 410.77 Panelboards, 555.11 Metal working machine tools and
Wiring, 620.37Bathtubs, near, 410.4(D), 550.14(D), Railways, 555.23 plastic machinery. see In-

Machinery space551.53(B) Receptacles, 555.19 dustrial machinery
Definition, 620.2Boxes, canopies, pans, 410.38, Service equipment, location, 555.7 Meters

Machine tools. see Industrial machin-
410–III Switches, 555.11 Connection and location at services,

ery
Branch circuits Transformers, 555.5 230.82, 230.94 Ex. 5

Made electrodes, 250.50, 250.52
Computation of, 210.19(A), Wiring methods and installation, Grounding of cases, 250.174,

Mandatory rules, 90.5(A)
220.12, 220.14 555.13 250.176

Manholes, 110–V
Sizes, 210.23, 220.18 Markings, 110.21. see also Identifica- Grounding to grounded circuit con-

Access, 110.75
Voltages, 210.6, 410.73 tion; subhead under entries ductor, 250.142(B) Ex. 2

Covers, 110.75(D)
Clothes closets, 410.8 for specific wiring and equip- Hazardous (classified) locations,

Dimensions, 110.75(A)
Definition, 410.8(A) ment 501.105, 502.150Location, 110.75(C)

Combustible material, near, 410.5, Means of egress Meter socket enclosures. seeCabinets,Marking, 110.75(E)
410.76 Health care facilities, 517.32(A) cutout boxes, and meterObstructions, 110.75(B)

Connection, fluorescent, 410.14, Illumination, 517.32(A), 517.42(A) socket enclosuresConductors
410.30(C) Mechanical execution of work, Metric equivalentsBending space for, 110.74

Construction, 410.105, 410–VII, 110.12, 640.6, 720.11, 725.8, Raceways, trade sizes, 300.1(C)Class 1, of different circuits,
410–X 760.8, 770.24, 800.24, Metric units of measurement, 90.9725.55(F)

Cords, flexible. see Cords, Flexible 820.24, 830.24 Mineral-insulated metal-sheathedClass 2, 3 installation, 725.54,
Damp, wet, or corrosive locations, Medium voltage cable (Type MV), cable (Type MI), Art. 332725.55(F)

410.4(A) and (B) Art. 328 Ampacity, 332.80Over 600 volts, 300.3(C)(2)(e)
Decorative lighting, 410–XVI Construction specifications, 328–III Bends, 332.24Fixed ladders, 110.79
Definition, Art. 100–1 Definition, 328.2 Conductors, 332.104Ventilation, 110.77, 110.78
Dry-niche, 680.23(C) Installation, 328–II Construction specifications, 330–IIIWork space, 110.72, 110.73

Definition, 680.2 Messenger supported wiring,Art. 396 Definition, 332.2Manufactured buildings, Art. 545
Ducts or hoods, in, 410.4(C) Definition, 396.2 Fittings, 332.40Bonding and grounding, 545.11
Electric discharge. see Electric dis- Grounding, 396.60 Installation, 332–IIBoxes, 545.9

charge lighting Installation, 396–II Insulation, 332.112Component interconnections, 545.13
Fluorescent. see Fluorescent lumi- Messenger support, 396.30 Sheath, 332.116Definitions, 545.3

naires (lighting fixtures) Splices and taps, 396.56 Single conductors, 332.31Grounding electrode conductor,
Flush, 410–XI, 410–XII Uses not permitted, 396.12 Supports, 332.30545.12
Fountains, 680.51 Uses permitted, 396.10 Terminal seals, 332.40(B)Protection of conductors and equip-
Grounding, 410–V Metal-clad cable (Type MC), Art. 330 Through or parallel to framing mem-ment, 545.8
Indoor sports, mixed-use, and all- Accessible attics, 330.23 bers, 300.4, 332.17Receptacle or switch with integral

purpose facilities, use in, Ampacity, 330.80 Uses not permitted, 332.12enclosure, 545.10
410.4(E) Bends, 330.24 Uses permitted, 332.10Service-entrance conductors, 545.5,

Live parts, 410.3 Boxes and fittings, 330.40 Mobile home lot545.6
Location, 410–II Conductors, 330.104 Definition, 550.2Service equipment, 545.7
Mounting, 410.76, 410.77 Construction specifications, 330–III Mobile home parks, Art. 550Supply conductors, 545.5
No-niche, 680.23(D), 680.24(B), Definition, 330.2 Definitions, 550.2Wiring methods, 545.4

680.26(B)(2) Grounding, 330.108 Distribution system, 550.30Manufactured homes. see alsoMobile
Definition, 680.2 Installation, 330–II Electrical wiring systemhomes; Recreational vehicles

Outlets required, 210.70. see Light- Insulation, 330.112 Definition, 550.2Definition, 550.2
ing outlets Marking, 310.11 Feeder and service demand fac-Manufactured phase

Overcurrent protection, wires and Sheath, 330.116 tors, 550.18, 550–III, TableDefinition, 455.2
cords, 240.4 Single conductors, 330.31 550.31Marking, 455.6(B)

Polarization, 410.23 Supports, 330.30 Minimum allowable demand fac-Manufactured wiring systems, Art.
Raceways, 410.15(B), 410.31 Through or parallel to framing mem- tor, 550.31604
Recessed. see Recessed luminaires bers, 300.4(A), 330.17 Mobile home service equipment,Construction, 604.6

(lighting fixtures) Uses not permitted, 330.12 550.32Definition, 604.2
Recreational vehicles, 551.53 Uses permitted, 330.10 Definition, 550.2Unused outlets, 604.7
Showers, near, 410.4(D), 550.14(D), Metal-enclosed switchgear. see Mobile homes, Art. 550. see also ParkUses not permitted, 604.5

Uses permitted, 604.4551.53(B) Switchgear, metal-enclosed trailers; Recreational vehicles
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Accessory buildings or structures Motor control center. see Control cen- Guards for attendants, 430.233 Multiple fuses (fuses in parallel),
240.8, 404.17Definitions, 550.2 Hazardous (classified) locations,ters

Appliances, 550.12(B) and (D), 501.125, 502.125, 503.126, Definition, Art. 100–IIMotor fuel dispensing facilities, Art.
550.14 505.16(E)(2), 505.22 Multispeed motors514. see also Hazardous

Arc-fault circuit interrupter protec- Highest-rated or smallest-rated, Branch circuits, 430.22(B)(classified) locations
tion, 550.25 430.17 Locked-rotor code letters,Circuit disconnects, 514.11

Branch circuit protective equipment, Industrial machinery, Art. 670 430.7(B)(1)Classification of locations, 514.3
550.11 Liquids, protection from, 430.11 Marking, 430.7(B)(1)Definition, 514.2

Branch circuits, 550.12 Live parts, protection of, 430–XII Overload protection, 430.32(A) andEquipment, 514.4, 514.7
Calculations of loads, 550.18 Location, 430.14 (C)Grounding, 514.16
CATV coaxial cables, bonding and Maintenance, 430.14(A) Multiwire branch circuit, 210.4Maintenance and servicing, 514.13

grounding of, 820.106 Marking, 430.7 Definition, Art. 100–ISealing, 514.9
Communications circuits, 800.106 Motor control centers, 430.98 Hazardous locations, 501.40, 502.40,Underground wiring, 514.8
Definitions, 550.2 Terminals, 430.9(A) 505.21Wiring, 514.4, 514.7, 514.8
Disconnecting means, 550.11 Motor control centers, 430–VIIIMotor-generator arc welders. see
Expandable and dual units, wiring, Multispeed. see Multispeed motorsWelders, electric

550.19 Overcurrent protectionMotor homes. see also Mobile homes; N
Feeder, 550.33 Branch circuits, 430–IVRecreational vehicles

Nameplates. see subhead under entriesGeneral requirements, 550.4 Combined overcurrent protection,Definition, 551.2
for specific wiring and equip-Ground-fault circuit interrupter, 430.55Motors, Art. 430
ment550.13(B) Control circuits, 430.72Adjustable speed drive and drive sys-

Natural and artificially made bodiesGrounding, 550.16 Motor control centers, 430.94tems, 430.88, 430–X
of water, electrical wiringInsulated neutral required, Motor feeders, 430–VDefinitions, 430.2
and equipment for, Art. 682550.16(A)(1) Over 600 volts, 430.225Air conditioning units, Art. 440

Definitions, 682.2Luminaires (fixtures), 550.14, 550.20 Overheating, dust accumulations,Appliances, motor-driven. seeAppli-
Grounding and bonding, 682–IIIMultiple section, wiring, 550.19 430.16ances
Installation, 682–IINameplates, 550.11(D) Overload protection, 430–III, 430.55,Branch circuits, 430–II

Neat and workmanlike installation,Network-powered broadband com- 430.124, 430.225(B), 460.9Combination loads, 430.63
110.12, 640.6, 720.11, 725.8,munications cables, bonding Overtemperature protection, 430.126Overload protection, 430–III
760.8, 770.24, 800.24,and grounding of, 830.106 Over 600 volts, 430–XIShort-circuit and ground-fault pro- 820.24, 830.24Outdoor outlets, luminaires, air-cool- Part winding. see Part-winding mo-tection, 430–IV Neon tubing, 600.41ing equipment, 550.20 torsTaps, 430.28, 430.53(D) Definition, 600.2Power supply, 550.10 Rating or setting of branch-circuitTorque motors, 430.52(D) Network-powered broadband com-Receptacle outlets, 550.13 short-circuit and ground-faultBushing, 430.13 munications systems, Art.Service equipment, 550.32 devices, Table 430.52Capacitor, 460.9 830Definition, 550.2 Restarting, automatic, 430.43Circuit conductors, 430–II Buildings, 830–II, 830–VTesting, 550.17 Short circuit protection, 430–IV,Code letters, Table 430.7(B) Cables outside and entering build-Wiring methods and materials, 430–VConductors, 430–II ings, 830–II550.15 Starting, shunting, 430.35Adjustable speed drive systems, Aerial cables, Above roofsMobile X-ray equipment, 660.4(B), Swimming pools, fountains, and sim-430.122 830.44(F), Between buildings660.21 ilar installations, 680.21,Combination loads, 430.25 830.44(H), On buildingsDefinition, 660.2 680.27(B)(1)Continuous duty, 430.22(A) 830.44(I), Clearance fromModule, solar voltaic systems System isolation equipment,

Feeder demand factor, 430.26 ground 830.44(D), ClimbingDefinition, 690.2 430.109(A)(7)
Intermittent duty, 430.22(E) space 830.44(B), Final spansMogul base lampholders, 210.6(C)(3), Definition, 430.2
Motor and other loads, 430.24 830.44(G), Lead–in clearance410.53 Tables, 430–XIV
Several motors, 430.24 830.44(C), 830.44, On polesMonorails, 555.23, Art. 610 Taps, 430.28, 430.53(D)
Single motor, 430.22 830.44(A), Over poolsMotion picture and television studios, Terminal housings, 430.12,
Wound rotor secondary, 430.23 830.44(E)Art. 530 430.245(A)

Control centers. see Control centers Entrance cables, 830.40Definitions, 530.2 Terminals, 430.9
Control circuits, 430–VI Low-power circuits, 830.40(B)Dressing rooms, 530–III Three overload units, Table 430.37
Controllers. see Controllers, motor Medium power circuits,Feeder conductors, sizing, 530.19 Ultimate trip current, 430.32(A)(2)
Current, full load. see Full-load cur- 830.40(A)Film storage vault, 530–V Ventilation, 430.14(A), 430.16

rent motors Underground circuits enteringGrounding, 530.20 Wiring diagram, Fig. 430.1
Curtain, theater, 520.48 buildings, 830.47Lamps, portable, 530.16, 530.17 Wiring space in enclosures, 430.10
Definitions, 430.2 Direct-buried cables and race-Live parts, 530.15 Mounting of equipment, 110.13,
Disconnecting means, 430.74, ways, 830.47(B)Overcurrent protection, 530.18, 314.23, 404.9(A), 404.10,

430.95, 430–IX, 430.128, Mechanical protection,530.63 410–IV
430.227 830.47(C)Portable equipment, 530.6 Moving walks. see Elevators, dumb-

Feeder demand factor, 430.26 Pools, 830.47(D)Stage or set, 530–II waiters, escalators, moving
Feeders, calculation of load, 220.40, Underground systems,Substations, 530–VI walks, wheelchair lifts, and

220–IV 830.47(A)Viewing, cutting, and patching ta- stairway chair lifts
Full-load current. see Full-load cur- Wiring methods within, 830–Vbles, 530–IV Multioutlet assembly, Art. 380

rent motors Installation of, 830.133Wiring Calculation of load, 220.14(H)
Fuseholder, size of, 430.57 Low-power wiring, 830.154,Permanent, 530.11 Definition, Art. 100–I
General, 430–I Ducts, plenums, other airPortable, 530.12 Metal, through dry partitions, 380.3
Ground-fault protection, 430–IV, handling spaces 830.154(B),Motion picture projector rooms. see Use, 380.2

430–V plenums, Other wiringProjector rooms, motion pic- Multiple circuit connections, ground-
Grounding, 250–VI, 430.12(E), 830.154(D), Riserture ing, 250.144

430.96, 430–XIII 830.154(C)Motion picture theaters. see Theaters Multiple conductors (conductors in
Grouped, 430.24, 430.42, 430.53, Medium power wiring, 830.151,Motor-circuit switches parallel). see Conductors,

multipleDefinition, Art. 100–I 430.87, 430.112 Ex. Ducts, plenums, other air
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handling spaces 830.151(A), Nonincendive component, 500.7(H) Uses permitted, 354.10 Grounding of entrance cables, 770.93
Nonmetallic wireways. see Wireways,plenums, Other wiring Definition, 500.2 Installation, 770.52, 770.113

nonmetallic830.151(C), Riser Nonincendive equipment, 500.7(G), Listing requirements, 770.82,
Nonpower-limited fire alarm circuit830.151(B) 506.8(F) 770.113

(NPLFA), 760–IIGeneral, 830–I Definition, 500.2 Location, 508.8(E), 770.3
Definition, 760.2Access to electrical equipment be- Nonlinear load Marking, Table 770.113

Nontamperablehind panels, 830.21 Definition, Art. 100–I Mechanical execution of work,
Circuit breakers, 240.82Definitions, 830.2 Nonmetallic boxes. see Boxes, nonme- 770.24
Type S fuses, 240.54(D)Locations and other articles, 830.3 tallic Optical fibers and electrical conduc-

Number of services, 230.2Mechanical execution of work, Nonmetallic conduit. see Liquidtight tors, 770.52
Nurses’ stations830.24 flexible nonmetallic conduit; Protection, 770–II

Definition, 517.2Power limitations, 830.15 Nonmetallic underground Raceway system, 770.6
Nursing homes. see also Health careScope, 830.1 conduit with conductors Types, 770.5, 770.6, 770.82

facilitiesGrounding methods, 830–IV Nonmetallic extensions, Art. 382 Optional standby systems, Art. 702
Definition, 517.2Bonding and grounding at mobile Bends, 382.26 Capacity and rating, 702.5
Essential electrical systems, 517.40homes, 830.106 Boxes and fittings, 382.40 Circuit wiring, 702–II

Definition, 702.2Cable network interface unit, and Definition, 382.2
Exposed, 382.15primary protection, 830.100 Equipment approval, 702.4

Grounding, 702–IIIMetallic members, 830.93 Installation, 382–II O
Listing requirements, 830–VI Splices and taps, 382.56 Portable generator grounding, 702.10

Occupancy, lighting loads, 220.12,Marking, 830.179(A) Supporting and securing, 382.30 Power sources, 702–IV
Table 220.12Protection, 830–III Uses not permitted, 382.12 Signals, 702.7

Office furnishings, Art. 605
Grounding of metallic members, Uses permitted, 382.10 Signs, 702.8

General, 605.2
830.93 Nonmetallic rigid conduit. see Rigid Transfer equipment, 702.6

Lighting accessories, 605.5
Physical damage, protection nonmetallic conduit Organs

Partitions
against, 830.44(I)(4), Nonmetallic-sheathed cable (Types Electronic, 640.1

Fixed-type, 605.6
830.47(C), 830.100(A)(6), NM, NMC, and NMS), Art. Pipe, Art. 650

Freestanding type, 605.7, 605.8
830.157 334 Conductors, 650.6

Interconnections, 605.4
Primary electrical protection, Accessible attics, 334.23 Grounding, 250.112(B), 650.4

Wireways, 605.3
830.90 Ampacity, 334.80 Installation of conductors, 650.7Official interpretations. see Formal

Types, 830.179 Bends, 334.24 Overcurrent protection, 650.8interpretations
Neutral. see alsoConductors, grounded Boxes and fittings, 334.40 Source of energy, 650.4Oil (filled) cutouts, 490.21(D)

Bare, 230.22 Ex., 230.30 Ex., 230.41 Conductors, 334.104 Outdoor receptacles, 210.8(A)(3),Definition, Art. 100–II
Ex. Construction, 334–III 210.52(E), 406.8, 680.22(A),Oil-filled equipment, 490.3. see also

Bonding to service equipment, Definition, 334.2 680.32Transformers, oil-insulated
250.92 Devices of insulating material, Outlet boxes. see BoxesOil immersion, 500.7(I)

Busways, over 600 volts, 368.258 334.40(B) OutletsOil-insulated transformers. see
Common. see Common neutral Devices with integral enclosures, Appliance, 210.50(C)Transformers
Conductor, 310.15(B)(4), 334.40(C) Definition, Art. 100–IOpenings in equipment to be closed,

310.15(B)(6), Tables B.310.1 Exposed work, 334.15 Devices, branch circuits, 210.7110.12(A), 312.5(A),
through B.310.10 Grounding, 334.108 Discontinued314.17(A)

Continuity of, 300.13 Installation, 334–II Cellular concrete floor raceways,Open wiring on insulators, Art. 398
Direct current generators, 445.12(D), Insulation, 334.112 372.13Accessible attics, 398.23

445.13 Listed, 334.6 Cellular metal floor raceways,Clearances, 398.19
Equipment, grounding to, 250.142 Marking, 310.11 374.7Conductors, types permitted,
Feeder load, 220.61 Nonmetallic outlet boxes, 334.40(A) Underfloor raceways, 390.7398.104
Grounding of Sheath, 334.116 Heating, air-conditioning, and re-Construction specifications, 398–III

AC systems, 250.4, 250.24, Supports, 334.30 frigeration equipment,Definition, 398.2
250.26, 250.34, 250.36 Through or parallel to framing mem- 210.63, 550.12(D)Exposed work, 398.15

DC systems, 250.4, 250.34, bers, 300.4, 334.17 Laundry. see LaundryFlexible nonmetallic tubing,
250.36, 250.162(B) Unfinished basements, 334.15(C) Lighting. see Lighting outlets398.15(A)

Identification, Art. 200 Uses not permitted, 334.12 Multioutlet assembly. seeMultioutletInstallation, 398–II
Ranges and dryers, grounding, Uses permitted, 334.10 assemblySecuring and supporting, 398.30

250.140, 250.142 Nonmetallic underground conduit Outdoor, 550.20, 551.53(C),Through or parallel to framing mem-
Uninsulated, where permitted, with conductors (Type 552.41(E), 552.59bers, 398.17

230.22 Ex., 230.30 Ex., NUCC), Art. 354 PowerUses not permitted, 398.12
230.41 Ex., 250.140(3), Bends, 354.24, 354.26 Definition, Art. 100–IUses permitted, 398.10
338.10(B) Bushings, 354.46 Receptacle, 210.50Operable, externally

Nightclubs, Art. 518 Conductor terminations, 354.50 Definition, Art. 100–IDefinition, Art. 100–I
Nipples, conduit. see Conduit nipples Construction specifications, 354–III Dwellings, where required, 210.52Operating device
Noise. see Electrical noise Definition, 354.2 Required, 210–IIIDefinition, 620.2
Nonautomatic Grounding, 344.60 Outlet spacing, dwelling baseboardOperating rooms, hospital, 517–IV

Definition, Art. 100–I Installation, 354–II heaters, 210.52Emergency lighting system, Art. 700
Nonelectrical equipment, grounding, Joints, 354.48 Outline lighting, Art. 600. see alsoOptical fiber cables, Art. 770

250.116 Listing, 344.6 SignsAccess to electrical equipment,
Nongrounding-type receptacles, re- Marking, 354.120 Definitions, Art. 100–I, 600.2770.21

placements, 250.130(C), Number of conductors, 354.22 Grounding, conductor size, 600.7Within buildings, 770–III
406.3(D) Size, 354.20 Output circuitsCables

Nonincendive circuits, 500.7(F), Splices and taps, 344.56 Amplifiers, 640.9(C)Application, 770.154
506.8(E) Trimming, 354.28 Fuel cell systems, 692.61, 692–VIIISubstitutions, 770.154(F)

Definition, 770.2, 770.4Definition, 500.2 Uses not permitted, 354.12 Heat generating equipment, 665.5
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Outside branch circuits and feeders, Capacitors, 460.8(B), 460.25 Panelboards, 408.35, 408.36 Accessibility of energized parts,
490.35Art. 225 Circuit breakers, 240–VII Paralleled fuses and circuit breakers,

240.8, 404.17Calculation of load, 225.3 Circuits, remote control, signaling, Arrangement of devices in assem-
blies, 490.31Branch circuits, 220–I, 220–II, and power-limited Park trailers, 552.10(E)

Phase converters, 455.7225.3(A) Class 1 systems, 725.23 Circuit breakers — interlocks,
490.45Feeders, 220–III, 225.3(B) Class 2 and Class 3 systems, Chap. Recreational vehicle parks, 551.74

Recreational vehicles, 551–IV,Circuit entrances and exits, build- 9, Tables 11(A) and 11(B) Clearance for cable conductors en-
tering enclosure, 490.34ings, 225.11 Circuits less than 50 volts, 720.8 551.43, 551.45

Remote-control circuits, 240.4(G),Conductors Communications systems. see Com- Door stops and cover plates,
490.38Clearance munications circuits, protec- Art. 725

Sensitive electronic equipment,From buildings, 225.19, 225.61 tion Enclosed equipment, 110.31,
490–IIIFrom ground, 225.18, 225.60 Conductors. see Conductors 647.4(A)

ServicesCovering, 225.4 Cords, flexible and tinsel, 240.5, Fused interrupter switches, 490.44
Gas discharge from interruptingSize, 225.5, 225.6, 225.50 400.13 Equipment, 230–VII

Over 600 volts, 230.208Disconnection, 225.31, 225.51 Cord sets, extension, 240.5 devices, 490.39
General, 490.30through 225.53 Cranes and hoists, 610–V Solar photovoltaic systems,

690.6(E), 690.9Lighting equipment installed out- Current-limiting Grounding, 490.36
Grounding of devices, 490.37doors, 225.7 Definition, 240.2 Storage battery prime movers, 480.4

Supervised industrial installations,Location of outdoor lamps, 225.25 Disconnecting and guarding, 240–IV Guarding, 490.32, 490.33
Inspection windows, 490.40Mechanical protection, 225.20 Electric deicing, snow-melting 240–VIII

Supplementary, 240.10More than one building or structure, equipment, 426.52 Interlocks — interrupter switches,
490.42, 490.45225–II Electric pipeline, vessel heating Definition, Art. 100–I

Switchboards, 408.2Access to occupants, 225.35 equipment, 427.57 Location of devices, 490.41
Service equipment, 490.46Access to overcurrent protective Electric space heating equipment, Television studios. see Motion pic-

ture and television studiosdevices, 225.40 424.22 Stored energy for opening, 490.43
Enclosure for electrical installations,Disconnect Electric vehicle supply equipment, Theaters, stage switchboards, 520.23,

520.25(A), 520.50(C),Construction, 225.38 625.21 110.31
Equipment, Art. 490Disconnecting means, 225.31 Electroplating systems, 669.9 520.52, 520.62(B)

Transformers, 450.3, 450.4(A),Grouping of, 225.34 Elevators, dumbwaiters, escalators, Fuel cell systems, 692–VIII
Fuses and fuseholders, 490.21(B)Location of, 225.32 moving walks, wheelchair 450.5(A)(2) and (B)(2)

Vertical position, enclosures, 240.33Maximum number, 225.33 lifts, stairway chair lifts, Grounding, Art. 250, 490.36, 490.37,
490.74Rating of, 225.39 620–VII Welders, 630.12, 630.32

Welders, electric, 630.12(B),Suitable for service equipment, Emergency systems, 700–VI Headroom above working spaces,
110.32225.36 Enclosures, 240–III 630.32(B)

X-ray equipment, 517.73, 660.6Identification, 225.37 Exciters, 445.12(A) Illumination of working spaces,
110.34(D)Number of supplies, 225.30 Feeder taps, 240.21(B), 240.92, Overhead spans, 225.6(A)

OverloadOutdoor lampholders, 225.24, 225.25 430.28 Indoor installations, 110.31(B)
Insulation shielding, 300.40Over 600 volts, 225–III Fire alarm systems, 760.23, 760.24, Definition, Art. 100–I

Protection. see also Overcurrent pro-Point of attachment, 225.16 Chap. 9, Tables 12(A) and Isolating means, 490.22
Load interrupters, 490.21(E)Spacing, open conductors, 225.14 12(B) tection

Cranes and hoists, 610.43Supports Fire pumps, 230.90 Ex. 4, 430.3 FPN Mobile and portable equipment,
490–IVOpen conductors, 225.12 Fixture wires, 240.5, 402.12 Motors, motor circuits, and con-

trollers, 430–III, 430.55,Over buildings, 225.15 Flexible cords. see Cords, flexible Collector rings, 490.54
Enclosures, 490.53Vegetation, 225.26 Fuel cell systems, 692.8, 692.9 430.225(B), 460.9,

610.43(A) to (C), 620.61(B)Wiring on buildings, 225.10 Fuses and fuseholders, 240.8, 240–V, General, 490.51
High voltage cables for mainOutside of buildings, when services 240–VI, 404.17 Over 600 volts, Art. 490

Ampacity, 310.15, 310.60, 392.11,considered, 230.6 Generators, 445.12 power supply, 490.56
Overcurrent protection, 490.52Ovens, wall-mounted. see also Cook- Induction and dielectric heating 392.13

Bending, 300.34ing unit, counter-mounted; equipment, 665.11 Power cable connections to mobile
machines, 490.55Ranges Industrial control panels, 409.21 Boxes, pull and junction, 314.IV

Busways, 368–IVBranch circuits, 210.19(A)(3), Industrial machinery, 670.4(C) Moisture, mechanical protection,
metal-sheathed cables,210.23(C), 220.55, Table Instrumentation tray cable (Type Capacitors, 460–II

Circuit breakers. see Circuit breakers220.55 Note 4 ITC), 727.9 300.42
Oil-filled equipment and cutouts,Connections, 422.16(B)(3), Integrated electrical systems, 685.10 Circuit conductors, 110.36

Circuit interrupting devices, 490.21422.31(B) Interconnected electric power pro- 490.3, 490.21(D)
Outdoor installations, 110.31(C)Demand factors and loads, Table duction sources, 705.30 Conductors, 110–III, 300.39

Definitions, Art. 100–II, 490.2220.55 Legally required standby systems, Outside branch circuits and feeders,
225–IIIGrounding, 250.134, 250.140 701–IV Distribution cutouts, 490.21(C)

Electrode-type boilers, 490–VOvercurrent Lighting track, 410.103 Overcurrent protection, 110.52,
240.100, 240.101, 240–IX,Definition, Art. 100–I Location, 230.91, 240.92, 240–II Branch circuit requirements,

490.72Overcurrent devices. see also Over- Mobile home, 550.11 460.25, 490.52
Portable cables, 400.36current protection Motion picture and television stu- Electricity supply system, 490.71

General, 490.70Enclosed, 230.208(B) dios, 530.18, 530.63 Protection of equipment, 110.34(F)
Resistors and reactors, 470–IIStandard, 240.6 Motors. see Motors Grounding, 490.74

Pressure and temperature limitOvercurrent protection, Art. 240 Multiple fuses and circuit breakers Separation, 490.24, Table 490.24
Services, 230–VIIIAir-conditioning and refrigerating (in parallel), 240.8, 404.17 control, 490.73

Elevation of unguarded live parts,equipment, 440–III Occupant access to, 240.24(B) Shielding solid dielectric-insulated
conductors, 310.6Appliances, 422.11 Organs, 650.8 110.34(E)

Enclosed power switchgear and in-Single appliance, 210.20 Over 600 volts, 110.52, 240.100, Solar photovoltaic systems, 690–IX
Temporary, Art. 590Branch circuits, 210.20, 240.3 240.101, 240–IX, 460.25, dustrial control assemblies,

490–IIIBusways, 368.17 490.52 Tray installations, Art. 392
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Tunnel installation, 110–IV Grounding, 552.55, 552.56 Physical damage. see Protection, phys- Double insulation, 250.114 Ex.
Generators, 250.34Voltage regulators, 490.23 Low-voltage systems, 552.10, ical damage

Wiring methods, 300.37, 300.50, Grounding, 250.114, 250.138552.60(B) Pipe, gas. see Gas pipe
Table 300.50, 300–II Conductor size, 250.122, TableLuminaires (lighting fixtures), Pipe electrodes, 250.52(A)(1),

250.122552.10(G), 552.54, 552.59 250.52(A)(5), 250.53,
Stage and studio, 520.5(B), 520–V,Nominal 120- or 120/240-volt sys- 250.56, 250.66(A), 250.70

P 530.6tems, 552.40, 552.60(A) Pipe heating cable outlet, mobile
X-ray, 660.4(B), 660.21Outdoor outlets, fixtures, equipment, home, 550.13(E)Panel, solar photovoltaic systems

Definition, 660.2552.41(E), 552.59 Pipeline. see also Fixed electric heatingDefinition, 690.2
Portable handlamps, 410.42(B)Power supply, 552.43 equipment for pipelines andPanelboards, Art. 408
Portable lamps, 410.42, 511.4(B)(2),Receptacle outlets required, 552.41, vesselsBonding, 408.40, 517.14

513.10(E)(1), 515.7(C),552.53 Definition, 427.2Circuit directory, 408.4
516.4(D), 530.16, 530.17Switches, 552.52 Pipe organs. see Organs, pipeComponent parts, 408.53

Flexible cords for, Table 400.4, 400.7Tests, factory, 552.60 Piping systems, bonding, 250.104Damp or wet locations, 408.37
Handlamps, 410.42(B)Wiring methods, 552.48 Places of assembly. see Assembly,Definition, Art. 100–I
Motion picture studios, in, 530.16,Parts. see specific type such as Live places ofDistribution, 550.10(B), 550.11,

530.17parts Plants551.45, 551.54(B), 552.45,
Show windows, show cases, 400.11Part-winding motors, 430.4 Bulk storage, Art. 515552.55(B)

Ex. 2Code letter markings, 430.7(B)(5) Cleaning and dyeing, 500.5(B)(1),Definition, 550.2, 551.2
Portable power distribution unit,Patching tables, motion picture, Art. 501, Art. 505Enclosure, 408.38

520.62Flash protection, 110.16 530–IV Clothing manufacturing, 500.5(D),
Definition, 520.2General, 408.30 Path, grounding, 250.2, 250.4(A)(5), Art. 503, Art. 506

Portable switchboards, theaterGrounding, 408.40, 517.19(D) 250.28 Plate electrodes, 250.52(A)(6), 250.53,
stages, 520–IVInstallation, 110.26(F) Patient bed location, 517.18, 517.19 250.56, 250.66(A)

Portable wiring, motion picture stu-Lighting and appliance branch-cir- Definition, 517.2 Plenums, 300.22
dios, 530.12cuit Patient care areas, 517.13, 517.80. see Definition, Art. 100–I

Positive-pressure ventilation,Definition, 408.34(A) also Health care facilities Network-powered broadband com-
500.7(D), 501.125(A)(2),Number of overcurrent devices, Definition, 517.2 munications cables,
502.125(A)(2), 502.125(B),408.35 Patient vicinity 830.154(B), 830.179(A)(2)
505.8(B), 506.8(B)Overcurrent protection, 408.35, Definition, 517.2 Wiring in, 300.22

Power, emergency systems. see Emer-408.36 Pediatric locations, 517.18(C) CATV coaxial cable, 820.113,
gency systemsRelative arrangement of switches and Pendant conductors, lamps, 410.27 820.154(A), 820.179(A),

Power and control tray cable (Typefuses, 408.39 Pendants 820.182
TC), Art. 336Sensitive electronic equipment, Aircraft hangars, 513.7(B) Communications circuits,

Ampacity, 336.80647.4(A) Anesthetizing locations, 800.154(A), 800.179(A),
Bends, 336.24Service equipment, 230.79, 517.61(B)(3) Ex. 2, 800.182
Conductors, 336.104408.3(C), 408.36(A) 517.61(C)(1) Ex. Pliable raceways. see Raceways, pli-
Construction specifications, 336–IIISpacing, minimum, 408.56 Bathrooms, 410.4(D) able
Definition, 336.2Support for busbars and conductors, Clothes closets, 410.8(C) Plugging boxes, motion picture stu-
Installation, 336–II408.3 Connector, cord, 210.50(A) dios, 530.14, 530.18(E)
Jacket, 336.116Use as enclosure, 312.8 Dressing rooms, theater, 520.71 Definition, 530.2
Marking, 336.120Wire bending space, 408.55 Flexible cord, 400.7(A)(1) Plugs, attachment. see Attachment
Uses not permitted, 336.12Pans, fixture, 410.13 Garages, commercial, 511.7(A)(2) plugs
Uses permitted, 336.10Paralleled Mobile homes, 550.14(C) Point of entrance

Power factorAlternate sources, Art. 705 Periodic duty Definition, 800.2, 820.2, 830.2
Definition, Annex DElevators, dumbwaiters, escalators, Definition, Art. 100–I Polarization

Power-limited fire alarm circuitmoving walks, 620.12(A)(1) Permanent plaque or directory, Appliances, 422.40
(PLFA)Power production sources, Art. 705

225.37, 230.2(E), 705.10 Connections, 200.11
Definition, 760.2Paralleled circuit breakers and fuses,

Permission, special Luminaires (lighting fixtures), Power-limited tray cable (Type240.8, 404.17
Definition, Art. 100–I 410.23 PLTC), 725.61, 725.71(E)Paralleled conductors. see Conduc-

Person, qualified Plugs, receptacles, and connectors,tors, paralleled Class I, Division 2 locations,
Definition, Art. 100–I 200.10(B)Park trailers,Art. 552. see alsoMobile 501.10(B)(4)

Phase converters, Art. 455 Portable handlamps, 410.42(A)homes; Recreational vehicles Marking, 310.11
Capacitors, 455.23 Receptacle adapters, 406.9(B)(3)Appliance accessibility and fasten- Power outlet. see Outlets, power
Conductors, 455.6 Screw-shell type lampholders,ing, 552.58 Power production sources. see Inter-
Definition, 455.2 410.47Bonding, 552.57 connected electric power pro-
Different types of, 455–II PolesBranch circuits, 552.46 duction sources
Disconnecting means, 455.8, 455.20 Climbing space, conductors,Calculations, 552.47 Power source, alternate
Equipment grounding connection, 225.14(D)Combination electrical systems, Definition, 517.2

455.5 Conductors, mechanical protection,552.20 Power supply, mobile homes, 550.10
Marking, 455.4 225.20, 230.50Conductors and boxes, 552.48, Power supply assembly, recreational
Overcurrent protection, 455.7 Supporting luminaires (lighting fix-552.49 vehicles, 551.44
Power interruption, 455.22 tures), 410.15(B)Connection of terminals and splices, Definition, 551.2
Rotary Pool covers. see Covers552.51 Preassembled cable in nonmetallic

Definition, 455.2 Pools. see also Swimming pools, foun-Cord, 552.44 conduit. see Nonmetallic un-
Start-up, 455.21 tains, and similar installationsDefinition, 552.2 derground conduit with con-
Static Definitions, 680.2Distribution panelboard, 552.45, ductors

Definition, 455.2 Portable appliances. see Appliances552.55(B) Premises wiring (system)
Terminal housings, 455.10 Portable equipmentGrounded conductors, 552.50 Definition, Art. 100–I

Photovoltaic systems. see Solar photo- Definition, 520.2Ground-fault circuit interrupters, Pressure (solderless) connectors
Definition, Art. 100–I552.41(C) voltaic systems Disconnecting means, 517.17(C)
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Prevention of fire spread. see Fire Audio signal processing, amplifi- Public assembly places, Art. 518 Flexible metallic tubing (Type FMT).
cation, and reproduction Emergency lighting system, Art. 700spread see Flexible metallic tubing
equipment, 640.45 Pull boxes. see also Boxes; JunctionProgrammed power distribution. see (Type FMT)

Busways, 368.12(A) boxesClosed-loop and programmed Grounding, 250.132, 250–IV
Cabinets, cutout boxes, and meter Accessibility, 314.29power distribution Short sections, 250.86 Ex. 2,

socket enclosures, 312.5 Construction specifications, 314.72,Projector rooms, motion picture, Art. 250.132
Conductors, 250.64(B), 300.4, 314–III540 Induced currents, 300.20

300.50(B) Gutters, auxiliary, used as, 366.58(B)Audio signal equipment, 540.50, Installed in shallow grooves,
CATV coaxial cable, Nonmetallic wireways used as,540–IV 300.4(E)

820.100(A)(6) 378.23(B)Definitions, 540.2 Insulating bushings, 300.4(F),
Network-powered broadband Over 600 volts, 314–IVProjectors, nonprofessional, 540–III 300.16(B)

communications cable, SizesListing, 540.32 Intermediate metal conduit (Type
830.44(I)(4), 830.47(C), 4 AWG and larger conductors,Projection rooms, 540.31 IMC). see Intermediate metal
830.100(A)(6), 830.157 314.28(A)Projectors, professional type, 540–II conduit (Type IMC)

Radio and television receiving 6 AWG and smaller conductors,Conductor size, 540.13 Liquidtight flexible metal conduit
station, 810.21(D) 314.16Conductors on hot equipment, (Type LFMC). see Liq-

Cords, flexible, 400.8(7), 400.14, Over 600 volts, 314.71540.14 uidtight flexible metal con-
640.45 Pumps. see also Fire pumpsFlexible cords, 540.15 duit (Type LFMC)

Electrical metallic tubing, Canned, Class I hazardous (classi-Listing, 540.20 Liquidtight flexible nonmetallic con-
358.12(1) fied) locations, 501.15(F)(3),Location of equipment, 540.11 duit (Type LFNC). see Liq-

Electrical nonmetallic tubing, 505.16(E)(3)Marking, 540.21 uidtight flexible nonmetallic
362.12(10) PoolProjector room, 540.10 conduit (Type LFNC)

Emergency system, 517.30(C)(3) Double insulated, 680.21(B),Work space, 540.12 Luminaires (fixtures) as, 410.31
Lamps, electric discharge lighting, 680.31Proscenium Network-powered broadband com-

410.85 Storable pools, 680.31Definition, 520.2 munications cables,Lighting track, 410.101(C)(1)
Protection 830.133(A)(1), 830.154(C)Liquidtight flexible metal conduit,

Combustible material, appliances, and (D)350.12(1) Q422.17 Number of conductors, 300.17. seeLiquidtight flexible nonmetallic
Communications systems. see Com- also Conductor fillQualified person. see Person, qualifiedconduit, 356.12(1)

munications circuits Optical fiber cable, 770.6, 770.12,Luminaires (fixtures) in indoor
Corrosion 770.182(A) through (G)sports, mixed-use, and all-

Boxes, metal, 314.40(A), Pliable, 362.2Rpurpose facilities, 410.4(E)
314.72(A) Rigid metal conduit (Type RMC). seeMetal-clad cable, 300.42, 330.12 Raceways

Cable trays, 392.5 Rigid metal conduit (TypeMineral-insulated metal-sheathed Adjustment factors for more than
Conductors, 310.9 RMC)cable, 332.10(10) three current-carrying con-
Deicing, snow-melting equipment, Rigid nonmetallic conduit (TypeMultioutlet assembly, 380.2(B)(2) ductors in raceway, Table

426.26, 426.43 RNC). see Rigid nonmetallicNonmetallic-sheathed cable, B.310.11
Electrical metallic tubing, conduit (Type RNC)334.15(B) Bonding, 250–V, 501.30(A),

358.10(B) Secured, 300.11(A)Open conductors and cables, 502.30(A), 503.30(A),
Flat conductor cable, 324.10(I), Service. see Service raceways230.50 505.25(A)

324.101 Signaling Class I circuits, 725.26,Open wiring, 398.15(A) and (C) Busways. see Busways
Overcurrent devices, 240.24(C)General equipment, 300.6 725.28CATV coaxial cable, 820.110,
Raceways, 300.5(D)(4), 300.50(B)Intermediate metal conduit, Strut-type channel. see Strut-type820.133(A) and (C),
Recreational vehicle park under-342.10(B) and (D) channel raceway820.154(B) and (D)

ground branch circuits andMetal-clad cable, 330.116 Support for nonelectrical equipment,Cellular concrete floor. see Cellular
feeders, 551.80(B)Metal equipment, 300.6(A) and 300.11(B)concrete floor raceways

Remote-control circuits,(B) Supporting conductors, vertical,Cellular metal floor. see Cellular
725.11(B)Mineral-insulated metal-sheathed 300.19metal floor raceways

Resistors and reactors, 470.18(A)cable, 332.12 Surface metal. see Surface metalCommunications circuits, 800.110,
Rigid nonmetallic conduit,Rigid metal conduit, 344.10(B) raceways800.133(A)(1), 800.154(B)

352.12(C)and (D) Surface nonmetallic. see Surfaceand (E), 800.182Space heating systems, 424.12(A)Strut-type channel raceways, nonmetallic racewaysConductors in service, 230.7Surface raceways, 386.12(1),384.100(B) Underfloor. see Underfloor racewaysContinuity, 300.10, 300.12388.12(2)Underfloor raceways, 390.2(B) Underground, 300.5(C)(4), 300.50Cords, flexible, installed in, 400.14Transformers, 450.8(A)Ground fault. see Ground-fault pro- Wireways. see Wireways, metal;Definition, Art. 100–IUF cable, 340.12(10)
tection Wireways, nonmetallicDrainage, 225.22, 230.53Underground installations, 230.49,

Ground fault circuit interrupter. see Wiring, exterior surfaces of build-Electrical metallic tubing (Type300.5(D) and (J)
Ground-fault circuit inter- ings, 225.22EMT). see Electrical metallicWireways, 376.12(1), 378.12(1)
rupters Radiant heating panels and radianttubing (Type EMT)Protective devices. see Arc-fault cir-

Hazardous (classified) locations, heating sets. see Fixed elec-Electrical nonmetallic tubing (Typecuit interrupters; Circuit
500.7, 505.8, 506.8 tric space heating equipmentENT). see Electrical nonme-breakers; Fuses; Ground-fault

Liquids, motors, 430.11 Radio and television equipment, Art.tallic tubing (Type ENT)circuit interrupters; Overcur-
Live parts, 110.27, 445.14, 450.8(C) 810. see also Community an-Emergency circuits, independent,rent protection; Thermal cut-
Motor overload, 430.55, 430.225(B), tenna television and radio dis-700.9(B)outs

430–III tribution (CATV) systemsExpansion joints, 250.98, 300.7(B),Protective equipment. see Guarding,
Motor overtemperature, 430.126 Amateur transmitting and receiving352.44guards
Overcurrent. see Overcurrent protec- stations, 810–IIIExposed to different temperatures,Protector, communications systems.

tion Community television antenna, 810.4300.7see Communications circuits
Overload. see Overload Definitions, 810.2Flexible metal conduit (Type FMC).Public address systems, Art. 640
Physical damage Interior installation — transmittingsee Flexible metal conduitEmergency power systems, 700.1

FPN 3Armored cable, 320.12, 320.15 (Type FMC) stations, 810–IV
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Noise suppressors, 810.5 Outlets, 210.50 Expandable units, connection, Overcurrent protection, 725.23
Size and use, 725.27(A)Receiving equipment — antenna sys- Definition, Art. 100–I 551.47(P)

Generator installations, 551.30tems, 810–II Dwellings, where required, 210.52 Locations, 725.3, 725.24
Overcurrent protection, 725.23,Radiographic equipment. see X-ray Patient bed location, 517.18(B), Ground-fault circuit-interrupter,

551.40(C), 551.41(C)equipment 517.19(B) 725.24
Physical protection, 725.11(B)Railway conductors, power and light, Ratings for various size circuits, Grounding, 551.54, 551.55

Grounding conductor splices, 551.50110.19 210.21(B)(3), Table Power limitations, 725.21
Wiring methods, 725.25Rainproof 210.21(B)(3) Identification of grounded conductor,

551.49Definition, Art. 100–I Recreational vehicles, 551.52 Class 2 and Class 3 circuits, 725–III
Applications of PLTC cables,Raintight Replacement, 406.3(D) Luminaires (lighting fixtures),

551.53Definition, Art. 100–I Selected, health care facilities, 725.61
Circuits extending beyond oneRanges, 422.16(B)(3), 422.33(B). see 517.33(A) Multiple supply source, 551.31

Other power sources, 551.32also Cooking unit, counter- Definition, 517.2 building, 725.57
Conductors, 725.52, 725.58mounted; Ovens, wall- Sensitive electronic equipment, Outlet boxes, 551.48

Overcurrent protectionmounted 647.7 Installation, 725.54 through
725.57Branch circuits, 210.19(A)(3) Show windows, in, 210.62 Branch circuit, 551.43

Distribution panelboard, 551.45Calculation of load, 220.55, Table Stages and sets, 530.21 Interconnection of power supplies,
725.41(B)220.55 Swimming pools, 680.22(A), 680.32, Power sources, other, 551–III

Power supply assembly, 551.44,Conductors, 210.19 680.34, 680.43(A), 680.62(E) Listing, 725–VI
Locations, 725.3Maximum load, 220.18 Temporary installations, 590.4(D), 551.46

Receptacles, 551.20(F), 551.41,Feeders, calculation of load, 220.40, 590.6(A) Marking, 725.42, 725.71
Overcurrent protection, Chap. 9,220.82(B)(3) Terminals, identification, 200.10(B) 551.52

Supply source 120-volt or 120/240-Grounding, 250.140 Theaters, 520.45 Tables 11(A) and 11(B)
Power sources, 725.41(A), Chap.Hoods, cord-and-plug connected, Recessed luminaires (lighting fix- volt system, 551–IV

Switches, 551.51422.16(B)(4) tures), 410–XI, 410–XII 9, Tables 11(A) and (B)
Separation, 725.55Loads, demand factors and, Table Clearances, installation, 410.66 System voltages, 551–IV

Tags, labels, and marking, 551.46(D)220.55 Construction, 410–XII Wiring methods
Load side, 725.52Mobile homes, 550.15(E), As raceways, 410.31 Tests, factory, 551–V

Wiring methods, 551.47550.16(A)(1) Temperatures, 410.65 Supply side, 725.51
Classifications, definitions, 725.2Receptacles, 250.140(4) Wiring, 410.67 Recreational vehicle site

Definition, 551.2Rated load current, 440.4(A) Recording systems, Art. 640 Class 1, 725–II
Class 2 and Class 3, 725–IIIDefinition, 440.2 Recreational areas, and dining essen- Supply equipment, 551.71, 551.77

Definition, 551.2Reactors. see Resistors and reactors tial electrical systems, Definition, Art. 100–I
Identification, 725.10Readily accessible. see Accessible, health care facility, Grounding, 551.76

Recreational vehicle standreadily 517.42(E) Mechanical execution of work, 725.8
Motors, 430–VIReaming, ends of metal conduits, Recreational vehicle parks, 551–VI Definition, 551.2

Refrigeration compressor motors342.28, 344.28, 358.28 Calculated load, 551.73 Overcurrent protection, 240.4(G),
725.23, 725.24, Chap. 9, Ta-Re-bar electrodes, 250.50 Ex., Demand factors, Table 551.73 and controls, Art. 440

Refrigeration equipment. seeAir con-250.52(A)(3) Definitions, 551.2 bles 11(A) and 11(B)
Safety-control equipment, 725.11Receptacles, cord connectors, and at- Disconnecting means, 551.77(B) ditioning and refrigerating

equipmenttachment plugs (caps), Art. Distribution system, 551.72 Requirements for electrical installa-
tions, Art. 110406 Grounding, 551.75, 551.76 Refrigerators, grounding, 250.114

Regulator bypass switchAnesthetizing locations, 517.64(F) Outdoor equipment, protection of, Residential occupancies. see Dwell-
ingsBranch circuits, 210.7, 210.52 551.78 Definition, Art. 100–II

RelaysConfigurations, 550.10(C), Overcurrent protection, 551.74 Resistance
AC resistance and reactance, cables,551.46(C), 552.44(C) Overhead conductors, clearance for, Hazardous (classified) locations,

501.105, 502.150Critical branch, 517.33(A) 551.79 Chap. 9, Table 9
Conductor properties, Chap. 9,Definition, Art. 100–I Receptacles, 551.71, 551.81 Overload, motor overcurrent protec-

tion, 430.40Disconnecting means, 422.33, Underground wiring, 551.80 Table 8
Heating elements. see Fixed electric440.63 Recreational vehicles (camping trail- Reverse-current, transformers,

450.6(B)Faceplates, 406.4, 406.5 ers, motor homes, park heating equipment for pipe-
lines and vesselsGrounding type, 250.130(C), trailers, travel trailers, Remote control

Circuits. see Remote-control, signal-250.146, 406.3(A), 406.9, truck campers), Art. 551 Insulation, 110.7
Of rod, pipe, and plate electrodes,517.13, 517.19(G) Alternate power source, restriction, ing, and power-limited cir-

cuitsHazardous (classified) locations, 551.33 250.56
Welders, 630–III501.145, 502.145, 503.145 Appliance accessibility and fasten- Of induction and dielectric heating

equipment, 665.7Health care facilities, 517.13, 517.18, ing, 551.57 Resistors and reactors, Art. 470
Combustible material, on, near,517.19 Attachment plugs, 551.20(F), Switches, 517.63(D)

Remote-control, signaling, andInsulated grounded terminals, 551.46(C) 470.3, 470.18(C)
Conductor insulation, 470.4250.146(D), 517.16 Bonding, 551.55(B), 551.56 power-limited circuits,

250.112(I), Art. 725Less than 50 volts, 720.6, 720.7 Branch circuits, 551.42, 551.43 Location, 470.2
Over 600 volts, 470–IIMarinas and boatyards, 555.19 Calculation for loads, 551.42(D) Access to electrical equipment, 725.7

Class 1 circuits, 725–IIMaximum cord-and-plug-connected Combination electrical systems, General, 470.18
Grounding, 470.19load to, 210.21(B)(2), Table 551.20, 551–II Circuits extending beyond one

building, 725.29210.21(B)(2), 210.23 Conductors, 551.48 Oil-filled reactors, 470.20
Space separation, 470.3Minimum ratings, 406.2(B) Connections Conductors, 725.27

Different circuits, 725.26Mobile homes, 550.13 Grounding, 551.54, 551.55 Rheostats, construction specifica-
tions, 430.82(C)Mounting, 406.4, 406.8(E) Power supply, 551.46 Extending beyond one building,

725.29Nongrounding-type, replacement, Splices and terminals, 551.50 Rigidmetal conduit (TypeRMC),Art.
344250.130(C), 406.3(D) Definitions, 551.2 Insulation, 725.27(B)

Number in raceways, 725.28Outdoor. see Outdoor receptacles Distribution panelboard, 551.45 Bends, 344.24, 344.26
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Bushings, 344.46 Screw shells Over 600 volts, 230–VIII Service stations, gasoline. see Motor
fuel dispensing facilitiesCinder fill, 344.10(C) Physical damage, 230.49, 230.50Identification

Construction specifications, 344–III Underground, 230.49 Setting (of circuit breaker)Polarity, 200.10(C), 410.23
Couplings and connectors, 344.42 Service head, 230.54 Definition, Art. 100–ITerminals, 200.10
Definition, 344.2 Size, 230.42 Shielding. see Guarding, guardsLampholders, 410–IX
Dissimilar metals, 344.14 Splices, 230.46 Short-circuit current ratingSealable equipment
Expansion fittings, 300.7(B) Underground, 230.49 Definition, 110.10Definition, Art. 100–I
Ferrous, 300.6(A) Definition, Art.100–I Transient voltage surge suppressors,Sealing. see alsoHazardous (classified)
Grounding, 344.60 Wiring methods, 230.43 285.6locations
Installation, 344–II Service-entrance equipment Short-time dutyConduit systems, 501.15, 502.15,
Listing, 344.6 Disconnecting means, 230–VI Definition, Art. 100–I505.16, 506.16
Marking, 344.120 Connections, supply side, 230.82 Showcases, wall cases, 410.29Intrinsically safe systems, 504.70
Maximum number of conductors and Connections to terminals, 230.81 Show windowsRaceway seal, underground ser-

fixture wires in, Tables C.8 Electrically operated, 230.94 Ex. 6 Definition, Art. 100–Ivice, 230.8
and C.8(A) Grounded conductor, discon- Flexible cords, 400.11Temperature changes, 300.7(A)

Nonferrous, 300.6(A) nection of, 230.75 Luminaires (lighting fixtures), 410.7Hermetically, 500.7(J)
Number of conductors, 344.22, Chap. Ground-fault, protection at, Branch circuits, 220.14(G)Definition, 500.2

9, Table 1 230.95, 705.32 Feeders, 220.40, 220.43(A)Secondary ties, transformers, 450.6
Reaming and threading, 344.28 Indicating, 230.77 Receptacles, 210.62, 314.27(C) Ex.Sensitive electronic equipment, Art.
Size, 344.20 Location, 230.70(A) Sidelights, borders, and proscenium,647
Splices and taps, 344.56 Marking, 230.66, 230.70(B) 520.44Grounding, 647.6
Standard lengths, 344.130 Maximum number of disconnects, Signaling circuits. see also Fire alarmLighting equipment, 647.8
Supporting and securing, 314.23(E) six switch rule, 230.71 systems; Remote-control,Receptacles, 647.7

and (F), 344.30 Multiple occupancy buildings, signaling, and power-limitedSingle-phase supply system, 647.3
Uses permitted, 344.10 230.72(C) circuitsThree-phase supply system, 647.5
Wet locations, 344.10(D) Over 600 volts, 230.205, 230.206 Definition, Art. 100–IWiring methods, 647.4

Rigid nonmetallic conduit (Type Rating, 230.79 Health care facilities, 517–VISeparately derived systems,
RNC), Art. 352 Simultaneous openings, 230.74 Installation requirements, Art. 725,250.20(D), 250.30,

Bends, 352.24, 352.26 Six switch rule, 230.71 Art. 760250.104(D)
Bushings, 352.46 Suitable for use, 230.70(C) Signals for heated appliances, 422.42Definition, Art. 100–I
Construction specifications, 352–III Guarding, 230.62 Sign bodyService cables. see also Service-
Definition, 352.2 Industrial control panels as, 409.108 Definition, 600.2entrance cable (Types SE and
Expansion fittings, 300.7(B), 352.44, Motor control centers as, 430.95 SignsUSE)

Tables 352.44(A) and Overcurrent protection, 230–VII Discharge, lighting, electric,Definition, Art. 100–I
352.44(B) Location, 230.91 410–XIII, 410–XIVService conductors. see Conductors,

Grounding, 352.60 Over 600 volts, 230.208 Electric, Art. 600service
Installation, 352–II Relative location, 230.94 Ballasts, transformers, and elec-Service drops
Joints, 352.48 Specific circuits, 230.93 tronic power supplies, 600.21Clearances, 230.24
Listing, 352.6 Ungrounded conductors, through 600.24Connections, service head, 230.54
Marking, 352.120 230.90(A) Branch circuits, 600.5Definition, Art. 100–I
Maximum number of conductors and Over 600 volts, metal enclosed and Definitions, Art. 100–I, 600.2Means of attachment, 230.27

fixture wires in, Tables C.9 metal clad equipment, 490.46 Disconnects, 600.6Minimum size, 230.23
through C.12(A) Panelboards as, 408–III Enclosures, 600.8

Point of attachment, 230.26, 230.28
Number of conductors, 352.22 Service equipment Field installed skeleton tubing,

Supports over buildings, 230.29
PVC Schedule 80, 300.5(D), Definition, Art. 100–I 600–II

Service-entrance cable (Types SE and
300.50(B), 551.80(B) Overcurrent protection, 230–VII Applicability, neon secondary

USE), Art. 338
Securing and supporting, 352.30 Service lateral circuit conductors, neon sec-

Bends, 338.24
Size, 352.20 Definition, Art. 100–I ondary circuit conductors,

Branch circuits or feeders, 338.10(B)
Splices and taps, 352.56 Service loads, calculations, Art. 220, 600.30, 600.42(A)

Construction, 338–III
Supporting and securing, Table Annex D Grounding, 600.7

Definition, 338.2352.30(B) Service point Listing, 600.3
Grounding frames of ranges andTrimming ends, 352.28 Definition, Art. 100–1 Location, 600.9, 600.10(D),

clothes dryers, 250.140(3) Service raceways 600.21, 600.42(F)Uses not permitted, 352.12
Installation, 338–II Conductors, others permitted in, Markings, 600.4Uses permitted, 352.10
Installation methods, for branch cir- 230.7 Portable or mobile, 600.10Road show connection panel, 520.50

cuits and feeders, Drainage, raintight, 230.53 Section signsRod electrodes, 250.52(A)(5), 250.53,
338.10(B)(4) Service head, 230.54 Definition, 600.2250.56, 250.66(A), 250.70

Marking, 338.120 Underground, 230–III Field installed secondary circuitRoom air conditioners. see Air condi-
Service-entrance conductors, Services, Art. 230 wiring, 600.12tioners, room

230–IV, 338.10(A) Definition, Art. 100–I Exit, health care facilities, 517.32(B),Rooms, motion picture projector. see
Uses permitted, 338.10 Emergency systems separate service, 517.42(B)Projector rooms, motion pic-

Service-entrance conductors, 230–IV, 700.12(D) Grounding, 250.112(G)ture
338.10(A) Farm, 220–V Mandated standby, 701.9(A)Rotary phase converter

Conductor sets, number of, 230.40 Ground-fault protection, 230.95 Outline lighting, Art. 600Definition, 455.2
Considered outside of building, Insulation, 230.22 Standby, 702.8Running threads, 342.42(B),

230.6 Number, 230.2 Warning. see Warning signs344.42(B)
Definitions, Art. 100–I Overhead supply, 230–II Skeleton tubing, 600–II
Disconnecting means, 230–VI Over 600 volts, 230–VIII Definition, 600.2
Drip loops, 230.52 Supply to one building not through Smoke ventilator control, stage,

S Insulation, 230.41 another, 230.3 520.49
Overcurrent protection, 230.90,Safety, examination of equipment for, Two or more buildings, 250.32 Snap switches

Accessibility, grouping, 404.8(B)90.7 230.91, 230.208 Underground, 230–III
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Bonding, 250.147 Cellular concrete floor raceways, Steel, structural, bonding, 250.104 Splices and taps, 388.56
Uses not permitted, 388.12Definition, Art. 100–I 372.12 Steel siding, 250.116 FPN
Uses permitted, 388.10Grounding, 404.9(B) Cellular metal floor raceways, 374.6 Storage batteries, Art. 480

Surfaces, exposed conductiveMotors, 430.83(C), 430.109(A)(3), Concealed knob-and-tube, 394.56 Aircraft hangars, 513.10(B)
Definition, 517.2430.109(C)(1) Conduit bodies, 300.15, Charging equipment, 503.160

Surge arresters. see Lightning (surge)Mounting, 404.10 314.16(C)(2) Definition, 480.2
arrestersRatings, 404.14 Construction sites, 590.4(G) Electric vehicle nonvented

Surge protection. see LightningSnow melting. see Fixed outdoor elec- Deicing and snow-melting, Definition, 625.2
(surge) protectiontric deicing and snow-melting 426.24(B) Emergency systems, 700.12(A) and

Surge suppressors. see Transient volt-equipment Electrical metallic tubing, 358.56 (B)(4)
age surge suppressorsSolar cell Electrical nonmetallic tubing, 362.56 Garages, 511.10
(TVSSs)Definition, 690.2 Flat cable assemblies, 322.56 Installation, 690.71

Swimming pools, fountains, and simi-Solar photovoltaic systems, Art. 690 Flexible cords and cables, 400.9, Insulation, 480.6, 480.7
lar installations, Art. 680AC modules, 690.6 400.36 Locations, 480.9

Approval of equipment, 680.4Circuit requirements, 690–II Flexible metal conduit, 348.56 Overcurrent protection for prime
Bonding, 680.26, 680.42(B),Circuit sizing and current, 690.8 Flexible metallic tubing, 360.56 movers, 480.4

680.43(D) and (E), 680.53,Connection to other sources, 690–VII General provisions, 110.14 Racks and trays, 480.8
680.57(E), 680.62(B) andDefinitions, Art. 100–I, 690.2 High density polyethylene conduit, Solar photovoltaic systems, 690–VIII
(C), 680.74Disconnecting means, 690–III 353.56 Sound recording equipment,

Ceiling fans, 680.22(B), 680.43(B)Ground-fault protection, 690.5 Intermediate metal conduit, 342.56 640.9(B)
Cord-and-plug-connected equip-Grounding, 690–V Liquidtight flexible nonmetallic con- Vents, 480.10

ment, 680.7, 680.21(5),Installation, 690.4 duit, 356.56 Structures
680.22(B)(5), 680.31,Marking, 690–VI Messenger supported wiring, 396.56 Definition, Art. 100–1
680.42(A)(2), 680.56Maximum voltage, 690.7 Nonmetallic extensions, 382.56 Strut-type channel raceway, Art. 384

Deck area heating, 680.27(C)Overcurrent protection, 690.6(E), Nonmetallic underground conduit Construction specifications, 384–III
Definitions, 680.2690.9 with conductors, 354.56 Definition, 384.2
Fountains, 680–VOver 600 volts, 690–IX Rigid metal conduit, 344.56 Grounding, 384.60
Ground-fault circuit interrupters,Stand-alone systems, 690.10 Rigid nonmetallic conduit, 352.56 Installation, 384–II

680.5Storage batteries, 690–VIII Space heating cables, 424.40, Marking, 384.120
Fountains, 680.51(A)Wiring methods, 690–IV 424.41(D) Number of conductors, 384.22
Hydromassage bathtubs, 680.71Solderless (pressure) connectors Strut-type channel raceways, 384.56 Securing and supporting, 384.30
Junction boxes for, 680.24Definition, Art. 100–I Surface raceways, 386.56, 388.56 Size of conductors, 384.21
Luminaires (lighting fixtures),Solidly grounded Underfloor raceways, 390.6 Splices and taps, 384.56

680.23(A)(3), 680.24(B)Definition, Art. 100–I Underground, 300.5(E), 300.50(C) Uses not permitted, 384.12
Pool covers, 680.27(B)(2)Sound recording equipment, Art. 640 Wireways, 376.56, 378.56 Uses permitted, 384.10
Receptacles, 680.5, 680.6,Audio signal processing, amplifica- Spray application, dipping, and coat- Submersible equipment, 680.51

680.22(A)(5), 680.32,tion, and reproduction equip- ing processes, Art. 516 Substations
680.43(A), 680.44,ment, 540.50 Classification of locations, 516.3 Motion picture and television stu-
680.57(B), 680.58, 680.62(E)Theaters, 520.4 Definitions, 516.2 dios, 530–VI

Signs, 680.57(B)Space Equipment, 516.4, 516.7, 516.10 Over 600 volts, 490–III
Spas, hot tubs, 680.43, 680.44Cabinets and cutout boxes, 312.7, Grounding, 516.16 Subsurface enclosures, 110.12(B)
Storable pool equipment, for,312.9, 312.11 Wiring, 516.4, 516.7 Support fittings fill, boxes,

680.32, 680.33(B)(3)
Climbing. see Climbing space, line Spray washers, high-pressure, 422.49 314.16(B)(3)

Therapeutic pools, 680.62(A) and
conductors on poles Spread of fire or products of combus- Supports. see subhead under entries for

(E)
Lightning rods, conductor enclo- tion. see Fire spread specific wiring and equip-

Wiring to, 680.24(B)
sures, equipment, 250.60, Stage effect (special effect) ment

Grounding, 680.6, 680.7(B),
250.106 FPN Definition, 530.2 Suppressors, radio noise, 810.5

680.23(B)(3) and (F)(2),
Outside branch circuits and feeders, Stage equipment, theaters Surface metal raceways, Art. 386

680.24(D) and (F),
225.14 Fixed, 520–III Combination raceways, 386.70

680.25(B), 680.43(F),
Over 600 volts, separation, 110.33, Portable, 520.5(B), 520–V Construction specifications, 386–III 680.54, 680.55

110.34 Definition, 520.2 Definition, 386.2 Heaters and heating equipment
Working. see Working space Stage property Grounding, 386.60 Deck area heating, 680.27(C)

Space heating, fixed. see Fixed electric Definition, 530.2 Installation, 386–II Pool water heaters, 680.9,
space heating equipment Stages, motion picture and television, Listing, 386.6 680.26(E)

Spacing between bare metal parts, 530–II Number of conductors or cables, Hydromassage bathtubs, 680–VI,
408.56, Table 408.56 Definition, 530.2 386.22 680–VII

Spas and hot tubs, 680–IV Stage set Size of conductors, 386.21 Junction boxes and enclosures,
Definitions, 680.2 Definition, 530.2 Splices and taps, 386.56 680.23(C), 680.24
Indoor installations, 680.43 Stairway chair lifts, Art. 620. see also Uses not permitted, 386.12 Lighting, 680.22(B), 680.23,
Outdoor installations, 680.42 Elevators, dumbwaiters, es- Uses permitted, 386.10 680.26(B)(2), 680.33,
Packaged equipment assembly calators, moving walks, Surface nonmetallic raceways, Art. 680.43(B), 680.51,

Definition, 680.2 wheelchair lifts, and stairway 388 680.62(F), 680.72
Protection, 680.43, 680.43(A)(2) chair lifts Combination raceways, 388.70 Overhead conductor clearances,

Special permission. see Permission, Stand-alone system Construction specifications, 388–III 680.8
special Definition, 690.2 Definition, 388.2 Permanently installed, 680–II

Spider (cable splicing block) Standby systems. see Emergency sys- Grounding, 388.60 Receptacles, location and protection,
Definition, 530.2 tems; Legally required Listing, 388.6 680.22(A), 680.32, 680.34,

Splices and taps standby systems; Optional Marking, 388.120 680.43(A), 680.62(E)
Antennas, 810.14 standby systems Number of conductors or cables in, Spas and hot tubs, 680–IV
Auxiliary gutters, 366.56 Static phase converter 388.22 Storable, 680–III

Definition, 680.2Cabinets and cutout boxes, 312.8 Definition, 455.2 Size of conductors, 388.21
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Switches and switching devices, Definition, Art. 100–I Aluminum, copper, or copper- Conduit and tubing fill for, Annex
Motors over 100 HP, 430.109(E)680.22(C), 680.41 clad aluminum, single con- C Tables
Services, over 600 volts, 225.51Therapeutic pools and tubs, 680–VI ductor in free air, Tables Deflection, minimum bending
Services over 600 volts, 230.204Transformers, 680.23(A)(2), 310.17, 310.19 space in cabinets, cutout

Knife. see Knife switches680.24(B) Aluminum, copper, or copper- boxes, 312.6(B), Tables
Limit, cranes and hoists, 610.55Underwater audio equipment, 680.23 clad aluminum, two or three 312.6(A)
Manually operable, Art. 404Underwater luminaires (lighting fix- single-insulated conductors Dimensions
Motor-circuittures), 680.23, 680.26(B)(2), supported on messenger, Compact aluminum building

Definition, Art. 100–I680.33, 680.43(B)(2) Table 310.20 wiring, Chap. 9, Table 5A
Motor controllers, 430–VIISwitchboards, Art. 408 Aluminum, copper, or copper- Insulated conductors, and fix-
Panelboards, 408.36(C), 408.39Clearances, 110.26, 408.5, 408.18 clad aluminum in raceways or ture wires, Chap. 9, Table 5
Regulator bypass.Combustible material, location rela- cables types AC, NM, NMC Rubber, thermoplastic-covered,

Definition, Art. 100–IItive to, 408.17 SE, Tables 310.16, 310.18 Chap. 9, Table 5
Remote-control, 517.63(D)Conductor insulation, 408.19 Bare or covered conductors, Fixture wires, Table 402.3, Chap.
Service, 230–VIConstruction specifications, 408–IV Table 310.21 9, Table 5
Signs, outline lighting, 600.6Definition, Art. 100–I Multiconductor cables, types Flexible cords and cables, types,
Snap. see Snap switchesEasily ignitable materials, near, TC, MC, and MI in free air, Table 400.4
Theater dressing rooms, 520.73408.17 Table B.310.3 Grounding, size
Transfer. see Transfer switchesFlash protection, 110.16 Three conductor cable in race- For AC equipment, Table
Tunnels, 110.55Grounding frames and structures, way in free air, Table B.310.1 250.122
Unit, appliances, 422.34250.112(A) Three insulated conductors in For grounded systems, Table

Switchgear, metal-enclosed,Grounding instruments, 408.22 cable in underground electri- 250.66
110.34(F), 230.211, 490–IIIGuarding live parts, 110.27 cal ducts, Table B.310.6 Hazardous (classified) locations,

Definition, Art. 100–IIllumination, 110.26(D) Three single insulated conduc- Classes I, II, and III, Divi-
sions 1 and 2Installation, indoor and outdoor, tors directly buried in earth,

types UF, USE, Table110.26 Classification of maximum sur-
TLocation, 408.16, 408.17 B.310.10 face temperature, Table

Tables, Chap. 9, Annex B and Annex CPortable, theater stages, 520–IV Three single insulated conduc- 500.8(B)
AC resistance and reactance cables,Stage, 520–II, 520–IV tors in nonmagnetic under- Class III temperatures, Table

Chap. 9, Table 9Support, busbars, conductors, 408.3 ground electrical ducts, Table 500.8(C)(2)
AmpacitiesWet locations, 408.16 B.310.5 Hazardous (classified) locations,

Cable insulated, over 2000 voltsWorking spaces about, 110.26 Three single insulated conduc- Class I, Zones 0, 1, and 2
Three conductor aluminum inSwitches, Art. 404. see also Hazardous tors in underground electrical Classification of maximum sur-

isolated conduit in air, Table(classified) locations; specific ducts, Table B.310.7 face temperature of Group II
310.76types of switches Three triplexed single insulated equipment, Table

Three conductor aluminum inAccessibility and grouping, 404.8 conductors directly buried in 505.9(D)(1)
underground electrical ducts,AC-DC general use snap switches. earth (UF and USE cables), Gas classification groups, Table
Table 310.80see AC-DC general-use snap Table B.310.9 505.9(C)

Three conductor aluminum iso-switches Two or three insulated conduc- Minimum distance of obstruc-
lated in air, Table 310.72AC general use snap switch, tors cabled within an overall tions from flameproof flange

Three conductor copper cable in404.14(A) covering directly buried in openings, Table 505.7(D)
isolated conduit in air, TableAir-conditioning and refrigerating earth, Table B.310.8 Types of protection designation,
310.75equipment, 440–II Wound-rotor secondaries, Table Table 505.9(C)(2)

Three conductor copper in un-Appliances, 422.34 430.23(C) Insulations, Tables 310.13, 310.61
derground electrical ducts,Bypass isolation, 700.6(B), 701.7(B) Bare metal parts, spacings between through 310.63
Table 310.79Definition, Art. 100–I switchboard and panelboard, Maximum number, Annex C Ta-

Three conductor copper isolatedCircuit breakers used as, 240.83(D) Table 408.56 bles
in air, Table 310.71

Definitions, Art. 100–I Branch-circuit requirements, Table Maximum number in
Triplexed or three single con-

Devices over 600 volts 210.24 Electrical metallic tubing, Ta-
ductor aluminum in isolated

In busways, 368.239 Cable markings, Tables 725.71, bles C.1 and C.1(A)
conduit in air, Table 310.74

Definition, Art. 100–II 760.81(G), 760.82(I), Electrical nonmetallic tubing,Triplexed or three single con-
Dimmer. see Dimmers 770.113, 800.113, 820.113 Tables C.2 and C.2(A)ductor aluminum in under-
Disconnecting means Cable substitutions, 725.61, 760.61, Flexible metal conduit, Tablesground electrical ducts, Table

Appliances, 422–III 770.154, 820.154, 830.133 C.3 and C.3(A)310.77
Motors, controller, 430–IX Cable trays, grounding, Table Intermediate metal conduit, Ta-Triplexed or three single con-
Services, 230–VI 392.7(B) bles C.4 and C.4(A)ductor copper in isolated con-

Emergency systems, 700–V Cable fill, 329.9(E), 329.9(F), Ta- Liquidtight flexible metal con-duit in air, Table 310.73
X-ray equipment, 517.72, 660–II bles 392.9, 392.10(A) duit, Tables C.7 and C.7(A)Conductor, single insulated, iso-

Enclosures, installation in, 404.3, Calculation of feeder loads by occu- Liquidtight flexible nonmetalliclated in air, over 2000 volts
404.12, 404.18, 450.8(C) pancies, Table 220.42 conduit, Tables C.5 throughAluminum, Table 310.70

Essential electrical systems, transfer Conductors C.6(A)Copper, Table 310.69
switches, 517.41(B) Adjustment factors for more than Rigid metal conduit, Tables C.8Conductors, three single insulated

General-use, 250.147, Art. 404 three current-carrying con- and C.8(A)in underground electrical
Definition, Art. 100–I ductors in raceway, cable, Rigid nonmetallic conduit, Ta-ducts, over 2000 volts, Table

Identification, 110.22 Table B.310.11 bles C.9 through C.12(A)310.78
Indicating, 404.7 Application, Tables 310.13, Metal boxes, number in, TableCrane and hoist motor conductors,
Interrupter 310.61, 402.3 314.16(A)Table 610.14(A)

Definition, Art. 100–II Clearances, conductors entering Minimum size of, Table 310.5Fixture wire, Table 402.5
Isolating, 501.115(B)(2) bus enclosures, 408.5 Over 2000 to 35,000 voltsFlexible cord, Table 400.5

Capacitors, over 600 volts, Clearances, services, Table Ampacities, Tables 310.81General conductors, 0 through
2000 volts460.24(B) 230.51(C) through 310.86
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Shielding, solid dielectric-insu- Motors Taps. see also Splices and taps Ground-fault protection, 230.95(C)
Insulation resistance, space heatinglated conductors, Table Conductor rating factors for power Branch circuit, 210.19(A)

Busways, 368.17(C) Ex. 1310.64 resistors, Table 430.29 cables, 424.45
Legally required standby systems,Properties, Chap. 9, Table 8 Controller enclosure selection, Feeders. see Feeders, taps

Grounding electrode conductors,Support, vertical raceways, Table 430.91 701.5
Luminaires (lighting fixtures),300.19(A) Duty cycle service, Table 250.64(D)

Overcurrent protection, 240.21Volume required per conductor, 430.22(E) 410.45
Mobile homes, 550.17Table 314.16(B) Full-load currents, Tables 430.247 Remote-control circuits, 725.24

Separately derived systems,Conduit or tubing through 430.250 Park trailers, 552.60
Recreational vehicles, 551.60Combination of conductors, per- Locked-rotor, code letters, Table 250.30(A)(4)

Service-entrance conductors, 230.46cent area fill, Chap. 9, Table 1 430.7(B) Theaters, Art. 520
Audio signal processing, 520.4Conduit and tubing fill, for con- Locked-rotor current conversion, Task illumination, 517.33(A)

Definition, 517.2ductors and fixture wires, Tables 430.251(A) and (B) Branch circuits, 520.9
Conductors, number in raceway,Annex C Tables Maximum rating or setting, branch Telegraph systems. see Communica-

tions circuitsDimensions, Chap. 9, Table 4 circuit protective devices, 520.6
Definitions, 520.2Expansion characteristics, Table 430.52 Telephone equipment, 800.18,

800.170. see also Communi-Flexible metal (trade size 3⁄8), Maximum rating or setting, control Dressing room, 520–VI
Emergency systems, Art. 700Table 348.22 circuit overcurrent protective cations circuits

Telephone exchanges, circuit load,Number of conductors in, Annex device, Table 430.72(B) Grounding, 520–VII
Fixed electric equipment,C Tables Minimum spacings between bare 220.14 Ex.

Telephone systems. see Communica-PVC rigid nonmetallic, expansion live parts, motor control cen- 250.112(F)
Live parts, 520.7characteristics, 352.44(A) ters, Table 430.97 tions circuits

Television and radio distribution sys-Supports, Tables 344.30(B)(2), Number and location, overload Portable equipment, 520.10
Stage equipment352.30(B) units, Table 430.37 tems. see Community an-

tenna television and radioConstruction, types of, Annex E Ta- Other articles, Table 430.5 Fixed, 520–II
Portable, 520–Vbles Secondary ampacity, Table distribution (CATV) systems

Television equipment. see Radio andCooking appliances, demand factors 430.23(C) Switchboard
Fixed, 520–IIand loads, Tables 220.55, Terminal, spacing and housing, Ta- television equipment

Television studios, Art. 520, Art. 530220.56 bles 430.12(B), 430.12(C)(1) Portable, 520–IV
Wiring methods, 520.5Farm load, method for computing, and (2) Temperature limitations

Conductors, 310.10Tables 220.102, 220.103 Multifamily dwellings, optional cal- Therapeutic equipment, 517.73(B)
Therapeutic high-frequency dia-Fixture wires culation demand factors, Nonmetallic raceways and tubing.

see subhead under entries forConduit and tubing fill for, Annex Table 220.84 thermy equipment
Definition, 517.2C Tables Network-powered broadband com- specific raceway or tubing

typeMaximum number in munications systems Therapeutic pools and tubs, 680–VI
Definitions, 680.2Electrical metallic tubing, Ta- Cable substitution, Table 830.133 In outlet boxes for luminaires (fix-

tures), 410.11bles C.1 and C.1(A) Cover requirements, Table 830.47 Thermal devices
Overcurrent protection, 240.9Electrical nonmetallic tubing, Limitations, Table 830.15 Service-entrance cable, 338.10(B)(3)

Temporary installations, Art. 590Tables C.2 and C.2(A) Optional calculations, three or more Thermally protected (thermal pro-
tection)Flexible metal conduit, Tables multifamily units, Table All wiring installations, 590.2

Branch circuits, 590.4(C)C.3 and C.3(A) 220.84 Definition, Art. 100–I
Fixtures, recessed, 410.65(C)Intermediate metal conduit, Ta- Radio and TV equipment, antenna Disconnecting means, 590.4(E)

Feeders, 590.4(B)bles C.4 and C.4(A) sizes Fluorescent lamp ballasts in lumi-
naires (fixtures), 410.73(E)Liquidtight flexible metal Amateur stations, Table 810.52 Ground-fault protection, 590.6

Guarding over 600 volts, 590.7conduit, Tables C.7 and Receiving stations, Table Luminaires (fixtures), recessed,
410.65(C)C.7(A) 810.16(A) Lamp protection, 590.4(F)

Protection from accidental damage,Liquidtight flexible nonmetallic Rating factors for power resistors, Thermal protector
Definition, Art. 100–Iconduit, Tables C.5 through Table 430.29 590.4(H)

Receptacles, 590.4(D), 590.6(A),C.6(A) Receptacle loads, nondwelling units, Thermal resistivity, 310.60,
B.310.15(B)(2)Rigid metal conduit, Tables C.8 Table 220.14 590.6(B)

Services, 590.4(A)and C.8(A) Recreational vehicle park demand Three overload units, motors, Table
430.37Rigid nonmetallic conduit, Ta- factors, Table 551.73 Splices, 590.4(G)

Terminations at devices, 590.4(I)bles C.9 through C.12(A) Restaurants, optional method load Tools
Double insulated, 250.114 Ex.General lighting loads by occupanc- calculation, Table 220.88 Time constraints, 590.3

Terminal housingsies, Table 220.12 Schools, optional method load calcu- Metal working machine. see Indus-
trial machineryHousehold clothes dryers, demand lation, Table 220.86 Generator, 445.17

Motor, 430.12loads, Table 220.54 Support services, Table 230.51(C) Motor-operated, hand-held, ground-
ing, 250.114(3)(C),Household ranges and similar cook- Transformers, medium and high volt- Grounding through, 430.245(A)

Phase converters, 455.10ing appliances, demand fac- age, Tables 450.3(A), 250.114(4)(C)
Track lighting. see Lighting tracktors and loads, Table 220.55 450.3(B) Terminals

Connections to, 110.14, 250.8,Live parts, separation Underground wiring, minimum Trailers, types of. see also Park trailers
Definition, 551.2Minimum distance from fence to cover, Tables 300.5, 300.50 250.68

Electric discharge tubing, signs, etc.,live parts, Table 110.31 Wire-bending space, minimum, Ta- Transfer switches
Definition, Art. 100–IOver 600 volts bles 312.6(A), 312.6(B) 600.42

IdentificationAir separation, Table 490.24 Tamperability Emergency systems, 700.6
Fuel cell systems, 692.59Elevation, Table 110.34(E) Circuit breakers, nontamperable, Flat conductor cable, 322.120(C)

Motors, controllers, 430.9(A)Working space, Table 110.34(A) 240.82 Legally required standby systems,
701.7Working clearances, Table Type S fuses, nontamperable, Polarity, 200.9 through 200.11

Wiring device, 250.126110.26(A)(1) 240.54(D) Optional standby systems, 702.6
Transformers, Art. 450. see also Haz-Mobile home park demand factors, Tamperproof receptacles. see Recep- Tests

Emergency systems, 700.4Table 550.31 tacles ardous (classified) locations

National Electrical Code Handbook 2005 1329

Copyright National Fire Protection Association 
Provided by IHS under license with NFPA Licensee=Ecopetrol/5915281003 

Not for Resale, 06/18/2005 09:01:15 MDTNo reproduction or networking permitted without license from IHS

--```,,``,`,,,`,`,`,`,,,,,,`,,,-`-`,,`,,`,`,,`---



Index

Arc welders, 630–II Terminal wiring space, 450.12 Markers, 390.9 Varying duty
Splices and taps, junction boxes,Askarel-insulated, 450.25 Tunnels, 110.55 Definition, Art. 100–I

390.6Audio. see Audio signal processing, Two-winding, underwater lighting, Vaults, 110.71, 110.73, 110–V
Uses not permitted, 390.2(B)amplification, and reproduc- 680.23(A)(2) Access, 110.76
Uses permitted, 390.2(A)tion equipment Unused current transformers, short- Capacitors, 460.2

Underground circuits, communica-Autotransformers, 430.109(D), 450.4 circuiting of, 110.23 Film storage, 530–V
tion, 800.47Audio, 640.9(D) Vaults, 450–III Service over 600 volts, 110.31,

Underground enclosures, 110.12(B),Definition, 640.2 Ventilation, 450.9 230.212
110.59. see also Manholes;Ballast for lighting units, 410.78 X-ray equipment, 517.76, 660–III Service 600 volts or less, 230.6(3)
VaultsBranch circuits, 210.9 Transformer vaults, 450–III Transformers, 450–III

Underground feeder and branch-Feeders, 215.11 Doorways, 450.43 Ventilation, 110.77, 110.78
circuit cable (Type UF), Art.Grounding, 450.5 Drainage, 450.46 Vehicles. see Electric vehicles; Recre-
340Motor starting, 430.82(B), Location, 450.41 ational vehicles

Ampacity, 340.80430.109(D) Storage, 450.48 Vending machines, cord-and-plug-
Bending radius, 340.24Capacitors, Art. 460 Ventilation openings, 450.45 connected, 422.51
Conductors, 340.104Installation, Art. 450 Walls, roofs, and floors, 450.42 Ventilated
Construction specifications, 340–IIIX-ray equipment, 517.76, 660–III Water pipes and accessories, 450.47 Definition, Art. 100–I
Definition, 340.2Definitions, 450.2, 551.2 Transient voltage surge suppressors Ventilating ducts, wiring, 300.21,
Equipment grounding conductor,Dry-type, 450.1 Ex. 2, 450.21, (TVSSs), Art. 285 300.22

340.108450.22 Conductor routing, 285.12 Ventilating piping for motors, etc.,Installation, 340–IIElectric discharge lighting systems Connection, 285.21, 285–III 502.128, 503.128Insulation, 340.112More than 1000 volts, 410–XIV Definition, 285.2 VentilationSheath, 340.1161000 volts or less, 410–XIII Installation, 285–II Aircraft hangars, 513.3(D)Uses not permitted, 340.12Elevators, dumbwaiters, escalators, Listing, 285.5 Battery locations, 480.9(A)Uses permitted, 340.10moving walks, wheelchair Location, 285.11 Equipment, general, 110.13(B)Underground installations. see Man-lifts, and stairway chair lifts, Number required, 285.4 Manholes, tunnels, and vaults,holes; Tunnels; Vaults
620.13(C) Short circuit current rating, 285.6 110.57, 110.77, 110.78Underground wiring. see alsoHazard-

Fire pumps, 695.5 Uses not permitted, 285.3 Motor fuel dispensing facilities, lu-ous (classified) locations
Grounding, 450.5, 450.6(C), 450.10 Transmitting stations, radio and tele- brication and service roomsAircraft hangars, 513.8
Guarding, 450.8 vision, 810–III — without dispensing, TableAmpacities, 310.60(C)(2), Tables
Installations, indoor and outdoor, Travel trailer. see also Park trailers 514.3(B)(1)310.77 through 310.85

450.21 through 450.27 Definition, 551.2 Motors, 430.14(A), 430.16Bulk storage plants, 515.8
Instrument, grounding, 250–IX Trays, storage batteries, 480.8(B) Transformers, 450.9, 450.45Buried conductors, Types USE, UF,

Connections at services, 230.82(4) Trees, luminaires (lighting fixtures) 340.10 Vessels. see also Fixed electric heating
Isolation supported by, 410.16(H) Conductor types in raceways, 310.7 equipment for pipelines and

Definition, 517.2 Truck camper. see also Recreational Dry and damp locations, 310.8(B) vessels
Electric deicing, snow-melting vehicles Ground movement and, 300.5(J) Definition, 427.2

equipment, 426.31 Definition, 551.2 Intermediate metal conduit, Viewing tables, motion picture,
Electric pipeline, vessel heating Tubing. see also Conduits 342.10(B) and (C) 530–IV

equipment, 427.26 Definitions, 600.2 Liquidtight flexible metal conduit, Volatile flammable liquid
Health care facilities, 517.19(F), Electrical metallic. see Electrical me- 350.10(3) Definition, Art. 100–I

517.20, 517.63(E) and (F), tallic tubing Minimum cover requirements, Voltage and volts
517.76, 517.160(A)(4) Electrical nonmetallic. see Electrical 300.5(A) Branch circuits, limits, 210.6

Less-flammable liquid-insulated, nonmetallic tubing Motor fuel dispensing facilities, Circuit
450.23 Electric discharge, signs, etc., 600.41 514.8 Definition, Art. 100–I

Location, accessibility, 450.13 Flexible metallic, Art. 360. see Flexi- Over 600 volts, 300.50 Drop
Marking, 450.11 ble metallic tubing Protection of, 300.5(D), 300.5(J) Branch circuits, 210.19(A) FPN
Modification of, 450.28 Tunnels Raceways, service, 250.84

No. 4
Motor control circuit, 430.72(C) Access, 110.76 Rigid metal conduit, 344.10

Conductors, 310.15(A)(1) FPN
Nonflammable fluid-insulated, Installations over 600 volts, nominal, Rigid nonmetallic conduit,

No. 1352.10(G)450.24 110–IV
Feeders, 215.2(A)(3) FPN No. 2Service cable, 250.84Oil-insulated Ventilation, 110.57, 110.77, 110.78
Sensitive electronic equipment,Services, 230.30, 230.32Indoors, 450.26 TV. see Radio and television equipment

647.4(D)‘‘S’’ loops, 300.5(J) FPNOutdoors, 450.27 Two-fer, 520.69
Electric discharge lighting, 410–XIII,Splices and taps, 300.5(E), 300.50(C)Overcurrent protection, 450.3 Definition, 520.2

410–XIVSwimming pools, 680.10through 450.5
General provisions, 110.4Wet locations, 310.8(C)Power-limited and signaling circuits,
Ground, toUninterruptible power suppliesremote control, 725.21(A)(1),

U Definition, Art. 100–I(UPS), 645.11, 700.12(C),725.24(D), 725.41
HighUnderfloor raceways, Art. 390 701.11(C)Remote control circuits for,

Definition, 490.2Unit equipment, emergency andConductors430.74(B), 725.21(A)(1),
Less than 50, Art. 720standby systems, 700.12(E),Ampacity, 390.17725.24(D), 725.41
Limitations, elevators, dumbwaiters,701.11(G)Number in raceway, 390.5Research and development, 450.1

Unused openings escalators, moving walks,Size of, 390.4Ex.8
Boxes and fittings, 110.12(A) 620.3Connections to cabinets, wall outlets,Secondary ties, 450.6

Utilization equipment Low390.15Signs and outline lighting, 600.21,
Definition, Art. 100–I Definition, 551.2Covering, 390.3600.23, 600.24

Marking, 240.83(E)Dead ends, 390.10Solar photovoltaic systems, 690.9(B)
NominalDiscontinued outlets, 390.7Specific provisions, 450–II

V Definition, Art. 100–IInserts, 390.14Swimming pools, fountains, and sim-
Nominal batteryJunction boxes, 390.13ilar installations, Vapors, flammable. see Hazardous

(classified) locations680.23(A)(2), 680.24(B) Laid in straight lines, 390.8 Definition, 480.2
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Over 600 volts, Art. 490 Watertight Wireways, metal, Art. 376 Mobile home parks, 550.10
Mobile homes, 550.10Swimming pool underwater lighting Definition, Art. 100–I Construction specifications, 376–III

Dead ends, 376.58fixtures, 680.23(A)(4) Weatherproof Planning, 90.8
Temporary. see Temporary installa-Wiring methods, 300.2 Definition, Art. 100–I Definition, 376.2

Deflected insulated, 376.23(A)Welders, electric, Art. 630 tions
Theaters, 520.5Arc, 630–II Extensions, 376.70

W Resistance, 630–III Installation, 376–II Types and materials, Chap. 3
Within sight from. see In sight fromWelding cable, 630–IV Insulated conductors, 376.23Wading pools

Wet locations. see also Damp or wet Marking, 376.120 Working spaceDefinition, 680.2
locations Number of conductors, 376.22 About electrical equipment, 110.26,Wall cases, 410.29

Conductors, types, 310.8(C), Table Securing and supporting, 376.30 110.32 through 110.34,Wall-mounted ovens. see Ovens, wall-
310.13 Size of conductors, 376.21 110.72, 110.73mounted

Definition, Art. 100–I Splices and taps, 376.56 Adjacent to live parts (circuits overWarning signs (labels), at equipment.
Electrical metallic tubing, 358.10(C) Uses not permitted, 376.12 600 volts), 110.32 to 110.34see also Labels required
Electric signs and outline lighting, Uses permitted, 376.10 Manholes, 110.72, 110.73Aircraft hangars, 513.7(F), 513.10

600.9(D), 600.21(C), Wireways, nonmetallic, Art. 378 Motion picture projectors, 540.12Electroplating, 669.7
600.42(F) Construction specifications, 378–III Switchboards, 110.26, 408.18Electrostatic hand spraying,

Enameled equipment, 300.6(A)(1) Dead ends, 378.58 Workmanlike installation, 110.12,516.10(A)(8)
Gutters, sheet metal auxiliary, Definition, 378.2 640.6, 720.11, 725.8, 760.8,Flash protection, 110.16

366.10(A)(2) Deflected insulated, 378.23(A) 800.24, 820.24, 830.24Fuel cell systems, 692.10(C), 692.17,
Health care facilities, 517.20 Expansion fittings, 378.44692.56, 692.65(B)
Intermediate metal conduit, Extensions, 378.70Guarding live parts 600 volts or less,

X342.10(D) Grounding, 378.60110.27(C)
Luminaires (lighting fixtures) in, Installation, 378–IIInduction and dielectric heating, X-ray equipment, 517–V, Art. 660

410.4(A) Insulated conductors, 378.23665.23 Control, 517.74, 660–II
Mounting of equipment, 300.6(D) Marking, 378.120Locked room or enclosure with live Definitions, 517.2, 660.2
Nonmetallic wireways, 378.10(3) Number of conductors, 378.22parts over 600 volts, Guarding and grounding, 517.78,
Recreational vehicle parks, Securing and supporting, 378.30110.34(C), 490.21(B)(7)Ex., 660–IV

551.78(A) Size of conductors, 378.21490.21(C)(2), 490.21(E), Transformers and capacitors, 517.76,
Rigid metal conduit, 344.10(D) Splices and taps, 378.56490.44(B), 490.53, 490.55 660–III
Rigid nonmetallic conduit, Uses not permitted, 378.12Solar photovoltaic systems,

352.10(D) Uses permitted, 378.10690.10(C), 690.17
Switchboards, 408.16 Wiring methods, Art. 300 ZTransformers, 450.8(D)
Switches, 404.4 Ducts, 300.21, 300.22Water, natural and artificially made Zone 0, 1, and 2 locations. seeHazard-

Wheelchair lifts. see Elevators, dumb- Exposedbodies of. see Natural and ar- ous (classified) locations,
waiters, escalators, moving Definition, Art. 100–Itificially made bodies of Class 1, Zone 0, 1, and 2 loca-
walks, wheelchair lifts, and General requirements for. see Gen-water, electrical wiring and tions
stairway chair lifts eral requirements for wiringequipment for Zone 20, 21, and 22. see Hazardous

Windows, show. see Show windows methodsWater heaters, 422.11(F)(3), 422.13 (classified) locations, Zone
Wired luminaire (fixture) sections, Hazardous (classified) locations. seeControls, 422.47 20, 21, and 22

410.77(C) subhead under entries for spe-Nameplate load, 220.82(C)(3)
Wires. see also Conductors; Cords; cific hazardous location in-Protection, 422.11(E) and (F)(3)

Fixture wires volvedWater pipe
In concrete footings, electrodes, Health care facilities, 517–IIBonding (metal), 250.104

250.52(A)(3) Intrinsically safe systems, 504.20Connections, 250.8, 250.68(B)
Definition, 800.2 Manufactured homes, 550.10As grounding electrode,

250.52(A)(1), 250.53(D)
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